10. ENERGY EFFICIENCY AND CLIMATE CHANGE
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10.1 Energy and Environment

Combustion of hydrocarbon based fuels in industrial
activity generates by-product materials, many of which
are considered to be air pollutants (Figure 10.1). The
principal emissions which could cause impact on the
air environment are particulate matter (dust), sulphur
oxides, nitrogen oxides, hydrocarbons, and carbon
monoxide.

Particulate matter is predominantly generated during
the combustion of solid fuels such as coal, lignite,
biomass etc mostly from ash content in the fuel
Sulphur oxide (SOx) emissions mainly occur from  Figure 10.1 Emissions Due to Energy Use
combustion of oil and coal due to sulphur content in

the fuel. Nitrogen oxides (NOx) emissions are also associated with fuel combustion, both from fuel
as well as combustion air. Both 50x and NOx emissions have been identified as major air pollutants
globally as they lead to acid rain which is a trans-boundary environmental issue. The main sources
of carbon monoxide emissions are due to imperfect combustion of fuels. Another important emission
from fuel combustion is carbon dioxide. Although, not considered as a pollutant, it is considered as a
major contributor to global warming and climatic change.

10,2 Global Environmental Issues

One of the most important characteristics of global environmental issues is that it affects all mankind
on a global scale without regard to any particular country or region. These environmental issues have
global significance and need to be addressed through intemational effort. The whole world is a
stakeholder and this raises issues on who should do what to combat environmental problems.

Some of the key environmental issues of global significance are

Acid rain

Ozone layer depletion

Global warming and climatic change
Loss of biodiversity
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10.3 Acid Rain

Acid rain is caused by release of Sulphur T e e 5 1
oxides and Nitrogen oxides from
combustion of fossil fuels, which then mix
with water vapour in atmosphere to form
sulphuric and nitric acids respectively
(Refer Figure 10.2).

The effects of acid rain are as follows:

¥,

v Acidification of lakes, streams, and
soils

¥ Direct and indirect effects (release
of metals, for example: Aluminium
which washes away plant nutrients)

¥ Killing of wildlife (trees, crops,
aquatic plants, and animals)

v Decay of building materials and
paints, statues, and sculptures

¥ Health problems (respiratory, burning-
skin and eyes)

Figure 10.2 Acid Rain Formation

10.4 Ozone Layer Depletion

Ozone layer is a thin layer of ozome (Oi)
present in stratosphere which extends from 10-
50 km from the carth (Figure 10.3). The ozone
layer is highly beneficial to life on earth as it
blocks the sun's Ultraviolet radiations (UV-B)
from reaching the carth. Any disturbance or
depletion of this layer would result in an
increase of harmful radiation reaching the
earth’s surface leading to  dangerous
CONSEquUEnces.

and destroyed naturally in the stratosphere and
until recemtly, this resulted in a well-balanced Figure 10.3 Ozone Layer

equilibrium (see Figure 10.4). Ozone is formed

when oxygen molecules absorb ultraviolet radiation with wavelengths less than 240 nanometres an:|
is destroyed when it absorbs ultraviolet radiation with wavelengths greater than 290 nanometres.
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Figure 10.4 Ozone Formation and Destruction

Ozone Depletion Process

In recent years, scientists have measured a seasonal thinning of the ozone layer primarily at the
South Pole. This phenomenon is being called the ozone layer depletion. It was found that ozone is
easily broken down by man-made chlorine and bromine compounds. These compounds are found to
be responsible for most of the ozone layer depletion. The main chemical responsible for the problem
is identified as Chloro fluro carbons (CFCs) which were used in refrigerator and air conditioners.

The ozone depletion process begins when Chloro fluorocarbons (CFCs) and other ozone-depleting
substances (ODS) emitted into the atmosphere reach stratosphere by diffusion. Strong UV radiations
break apart the ODS molecules. CFCs, HCFCs, carbon tetrachloride, methyl chloroform release
chlorine atoms, and halons and methyl bromide release bromine atoms. It is the chlorine and
bromine atom that actually desiroys ozone, not the intact ODS molecule. It is estimated that one
chlorine atom can destroy from 10,000 to 100,000 ozone molecules before it is finally removed from
the stratosphere.

Chemistry of Ozone Depletion

When ultraviolet light waves strike CFC (CFCls) molecules in the upper atmosphere, a carbon-
chlorine bond breaks, producing a chlorine (C1) atom, The chlorine atom then reacts with an ozone
(0) molecule breaking it apart and so destroying the ozone. This forms an ordinary oxygen
molecule (0;) and a chlorine monoxide (C10) molecule. Then a free oxygen atom breaks up the
chlorine monoxide, releasing chlorine. The released chlorine is free to repeat the process of
destroying more ozone molecules. A single CFC molecule can destroy 100,000 ozone molecules.
The chemistry of ozone depletion process is shown in Figure 10.5.
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Figure 10.5 Chemistry of Ozone Depletion Process

Effects of Ozone Layer Depletion

Effects on Human and Animal Health: Increased penetration of solar UV-B radiation is likely to
have high impact on human health with potential risks of eye diseases, skin cancer and infectious
diseases.

Effects on Terrestrial Plants: Increased radiation is likely to change species composition in forest
and grassland thus altering the bio-diversity in different ecosystems. It could also affect the plant
community indirectly resulting in changes in plant form, secondary metabolism, etc.

Effects on Aquatic Ecosystems: High levels of radiation exposure in tropics and subtropics may
affect the distribution of phytoplanktons, which form the foundation of aquatic food webs. It can
also cause damage to early development stages of fish, shrimp, crab, amphibians and other animals,
the most severe effects being decreased reproductive capacity and impaired larval development.

Effects on Bio-geo-chemical Cycles: Increased solar UV radiation could affect terrestrial and
aquatic bio-geo-chemical cycles thus altering both sources and sinks of greenhouse and important
trace gases, e.g. carbon dioxide (CO,), carbon monoxide (CO), carbonyl sulfide (COS), etc. These
changes would contribute to biosphere-atmosphere feedbacks responsible for the atmosphere build-
up of these greenhouse gases.

Effects on Air Quality: Reduction of stratospheric ozone and increased penetration of UV-B
radiation result in higher photo dissociation rates of key trace gases that control the chemical
reactivity of the troposphere. This can increase both production and destruction of ozone and related
oxidants such as hydrogen peroxide, which are known to have adverse effects on human health.
terrestrial plants and outdoor materials.

Burcau l-)_l.']allt.'l'gy Efficiency 232



10, Energy., Envirommemt amld € b

Ozone Depletion Counter Measures

International cooperation and agreement was signed at Montreal Protocol in 1974 to phase out ozone
depleting chemicals. The ozone depletion counter measures include,

Tax imposed on use of ozone depleting substances
Use of ozone friendly substitutes- HCFC and HFC (less ozone depleting potential and shorter
life)

* Recycele of CFCs and Halons

10.5 Global Warming and Climatic Change

The atmosphere is a thin layer of gas which surrounds the earth. The two most important layers in
the atmosphere are known as the troposphere and the stratosphere. The air layer gets thinner and
thinner with altitude. 90% of all the molecules in the atmosphere are in the troposphere.

The atmosphere is composed mainly of 21% Oxygen, 78% Nitrogen, 0.04% Carbon dioxide, and
Argon 0.04% by volume. In addition, water vapour and several gases are present in very small
amounts.

The Greenhouse Effect

The earth is surrounded by a blanket of gases including greenhouse gases. The greenhouse gases are
those gases in the atmosphere which by absorbing thermal radiation emitted by the earth’s surface
have a blanketing effect over the surface keeping it warmer than it would otherwise be. This results
in build up of energy, and the overall warming of the atmosphere. This blanket traps energy in the
atmosphere, much the same way as glass traps heat inside a greenhouse. Without naturally occurring
greenhouse gases such as water vapour, carbon dioxide, methane and nitrous oxide, the earth's
average surface temperature would be a cold -18°C rather than the tolerable 15°C. This warming of
the earth called the greenhouse effect (Figure 10.6) is a natural process which made life on Earth

possible.

The earth’s atmosphere allows short-wave solar radiation from sun to pass relatively unimpeded.
The long-wave infrared radiation emitted from the warm earth’s surface is partially trapped and re-
emitted downwards by greenhouse gases such as water vapour, carbon dioxide, methane, Nitrous
oxide, in the upper atmosphere. In this way an energy balance is set up, which ensures that the Earth
is warmer than it would be without it.

Although, Nitrogen at 78.1% and Oxygen at 21% are present more in the atmosphere, they
are not considered as greenhouse gases as they do not absorb infrared radiations like Carbon
dioxide,
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Natural Human Enhanced
Greenhouse Effect Greenhouse Effect
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Enhanced Greenhouse Effect

The natural greenhouse effect is enhanced (Figure 10.6) by the increase of greenhouse gases in the
atmosphere especially carbon dioxide from burning of fossil fuels, coal, oil and gas, together with
wide deforestation over the past 200 years and more substantially over the past 50 years.

Although, water vapour is also considered
as greenhouse gas, its amount in the
atmosphere is not changing directly A% 08
because of human activities. The other
important  greenhouse gascs that  are
directly influenced by human activities
leading to enhanced greenhouse effect are
carbon dioxide, methane, nitrous oxide,
the chlorofluorocarbons  (CFCs)  and
ozone,

€O, & Global Temperature Variations
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There is now overwhelming evidence that [ Garbon dsideippr — Teme pr—|
enhanced greenhouse effect from human “————= -
activities is changing the global climate. Tt Figure 10.7 Rising Global Temperatures

is estimated that the earth's average
temperature has risen by 0.75°C since 1880 because of emissions of greenhouse gases from human
activity. The link between CO; and global temperature variations is shown in Figure 10.7.
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Greenhouse Gases

Carbon Dioxide: Carbon dioxide is the most important of the greenhouse gases becausc ol ils
abundance in the atmosphere. The increase in carbon dioxide has contributed to about 60% of the
enhanced greenhouse effect as its concentration of 385 ppm is higher than other greenhouse gases. I
is also persistent with atmospheric lifetime of over 100 years. If carbon dioxide emissions grow al
current rates, it is almost certain that it will increase twice or thrice from pre-industrial levels during
21* century.

Human activities emitted about 31578 Million tonnes of CO; into the atmosphere in 2008. Although
India is world's fourth largest contributor in terms of CO, emissions behind China, USA and Russia,
its share in CO; emissions is less than 5% as against 22% by China and 20% by US.

Man-made Carbon Dioxide Emissions: The major source of CO; is fossil-fuel combustion (coal,
petroleum, and natural gas). For the same amount of heat released, natural gas emits the least CO;,
Coal-based power plants are the major CO; sources in many countries in the world, Among the
industrial processes, cement is a major contributor of CO; as emissions occur from both fuel
combustion and calcination of limestone.

Petrolenm-burning motor vehicles are another major contributor of CO; emissions. Deforestation
contributes too because when felled trees are burned, their stored carbon is released as CO.. At the
same time, deforestation leaves fewer trees to take up atmospheric CO:.

Carbon Sequestration: It is the term given to the process of removing C0; from large point sources
such as power plant, oil refineries, industrial process etc. The CO; is then stored in geologic
formations such as depleted oil and gas reservoirs, deep coal seams or saline reservoirs. Oceans are a
major €O, sink, containing about 50 times more carbon than the atmosphere. Terrestrial biomass
including trees and grasses store about three times more CO; than the atmosphere. Together, ocean
and terrestrial ecosystems absorb about half the excess CO; generated by human activities.

Methane: The main natural source of methane is from wetlands. Methane is also created when organic
matter such as food and vegetables decompose without the presence of oxygen- a process called
anaerobic decomposition.

Anthropogenic sources include leakage during coal mining, leakage from natural gas pipelines and
from petroleum wells, rice cultivation, belching from cattle and other livestock, decay of municipal
solid wastes dumped in landfill sites and from wood buming.

Methane is a naturally occurring inflammable gas. Methane is produced by geological coal
formations and by the decomposition of organic matter. Leading anthropogenic sources of methane
are landfills, livestock digestive processes and wastes, especially ruminants (cud-chewing animals)
and wetland rice cultivation.

Nitrous Oxide: The emissions to the atmosphere thal are associated with human activities are from
use of nitrogen fertilizer, manure, biomass combustion, fossil fuel combustion in power plant and the
chemical industry (for example, nylon production), Also, N2O is contained in soil by bacteria. When
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farmers plough the soil and disturb the surface layer, N,O is released into the atmosphere. It 15 also
released from catalytic converters in cars. It has an atmospheric lifetime of about 120 years.

zone: Ground-level ozone is a greenhouse gas. It can absorb infrared radiation and contribute 1o
warming. Ground-level ozone forms from Volatile Organic Compounds (VOCs) and nitrogen oxides
in the presence of heat and the sun's ultraviolet radiation.

Chlorofluorocarbons (CFCs): The CFCs are man-made chemicals which vaporise just below room
temperature and are non-toxic and non-flammable. CFC contains chlorine atoms and has been used
in industry as refrigerants, cleaning solvents, manufacturing of insulation and propellants in spray
Cans.

They are so chemically unreactive and once released into the atmosphere, they remain for a long
time of about 100 or 200 years before being destroyed,

As an outcome of Montreal Protocol, CFCs are phased out, being replaced by other halocarbons-
hydrochlorofluorocarbons (HCFCs) and hydrofluorocarbons (HFCs). While HCFC and HFC are
less destructive to ozone than the CFCs, they are still considered as greenhouse gases.

Because of their shorter lifetime and lower concentrations, their contribution to global warming for
a given rate of emission will be less than for the CFCs. However, since their rate of manufacture
could increase substantially their potential contribution to global warming is being included
alongside other greenhouse gases.

The main sources of Hydrofluorocarbons are leakage from refrigeration equipment, release during
end of life destruction of equipment, use of HFC containing aerosols, air conditioners ¢tc. These are
best contained by recyeling the refrigerants,

Perflurocarbons: Perfluorocarbons is also considered as an important greenhouse gas as it has a long
atmospheric life, more than several thousand years. All emissions of these gases accumulate in the
atmosphere and will continue to influence climate for thousands of years.

Primary aluminium production and semiconductor manufacture are the largest known man-made
sources of perfluorocarbons.

Sulphur Hexafluoride (5Fs): Sulfur hexafluoride is the most potent greenhouse gas. It is used in
insulation, electric power transmission equipment, the magnesium indusiry, semiconductor
manufacturing to create circuitry patterns on silicon wafers, and as a tracer gas for leak detection.

Global Warming Potential (GWP)

The different types of greenhouse gases all have different properties. For example, the amount of
time they reside in the atmosphere and the amount of heat that they trap can vary widely. Many of
the greenhouse gases are extremely potent—some greenhouse gases such as sulphur hexafluoride
can continue to reside in the atmosphere for thousands of years after they have been emitted,
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Some greenhouse gases are 140 to 23,900 times more potent than CO; in terms of their ability o i
and hold heat in the atmosphere over a 100-year period. Even though these gases represcnt a very
small proportion of the atmosphere, their enormous heat-holding potential makes them signilican
and represents a serious addition to global warming.

In order to understand specific greenhouse gases’ potential impact, they are rated on the basis of
their global warming potential (GWP), The GWP of a greenhouse gas is the ratio of global
warming—or radiative forcing—from one unit mass of a greenhouse gas to that of one unit mass of
CO; over a period of time, making the GWP a measure of the “potential for global warming per unit
mass relative to carbon dioxide.” In other words, greenhouse gases are rated on how potent they are
compared to CO,.

GWPs take into account the absorption strength of a molecule and its atmospheric lifetime. Therefore, if
methane has a GWPof 23 and carbon has a GWP of 1 (the standard), this means that methane is 23 times
more powerful than CO, as a greenhouse gas. The higher the GWP value, the larger the infrared
absorption and longer the atmospheric lifetime. As shown in Tablel0.1, even small amounts of sulfur
hexafluoride and HFC-23 can contribute a significant amount to global warming. The increasing
concentration of greenhouse gases, GWP and lifetime is given in Table 10.1.

Table 10.1 Increasing Concentration of Atmospheric Greenhouse Gases

Lifetime in
Greenhouse gas Baseline CI.I.'EI:‘;I'II GWP atmosphere
(years)
Carbon dioxide (CO;) 280 ppm 370 ppm 1 5-200
Methane (CHy) 700 ppb 1720 ppb 23 12 B
Nitrous oxide (N20) 275 ppb 314 ppb 300 114
Ozone ) - - - Days/wecks
Chloroflurocarbons '
(CFC) and related 0 ppt levels A000-8000 5-100
chemicals
Perfluromethane, one of
the Perfluorcarbons 40 ppt 80 ppt 5700 S0000
(PFC)
fs“,:,':;‘““ hexafloride | g1 ppt | 3ppt 22000 3200

I ppm=1gin ICIII'IEgTI ppb =1 gin 1000 wnnes, 1 ppt =1 gin 1000 000 wonnes
India's Greenhouse Gas Emissions

Although, India’s GHG emissions had increased from 1.23 billion tonnes of carbon dioxide in 1994
to 1.73 billion tonnes of carbon dioxide in 2007, our per capita emissions is still low at 1.5 wnnes
per annum, The national inventory of greenhouse gases indicates that 58% of the total emissions
come from energy sector. These include emissions from burning of traditional bio-mass fuels, coal
mining, and fugitive emissions from oil and natural gas. Industry is next big contributor at 22% with
cement industry being one of major contributor. Agricultural sector contributes 17% of GHG
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emissions. The emissions under agricultural sector include those from enteric fermentation in
domestic animals, manure management, rice cultivation, and bumning of agriculture residues.

10.6 Global Warming and Climatic Change Impacts

There is strong evidence now that most of the observed warming over the last 50 years is caused by
human activities. Climate models predict that the global temperature will rise by about 6 °C by the
year 2100, The major impaets of global warming are as follows:

Increasing Ocean Temperature and Rising Sea Levels

During the twentieth century, observations show that the average sea level increased by about 20 cm.
The largest contribution to this rise is from thermal expansion of ocean water as the oceans warm the
water expands and the sea level rises, A further increase in average sea level of 10 to 20 cm by 2030
and up to 1 m by 2100 is predicted. The coastal flooding will increasingly occur with rising sea level.
People, who are already poor and overcrowded, may be forced from homes in low-lying countries
such as Bangladesh. Even developed countries such as the Netherlands may lose land. Since half of
the world populations live near the coastal zones, their vulnerability to rising sea levels are very
high.

Snow and Ice Melting

Ice is already melting worldwide, especially at the earth’s poles. This includes mountain glaciers, ice
sheets covering West Antarctica and Greenland, and Arctic sea ice. Snow and ice melting would also
lead to rising sea levels. Also melting ice caps will disturb the ocean ecosystem. Fresh water from
melting ice caps would desalinate the oceans and eco systems will be put out of balance and ocean
currents which regulate the temperatures will be disturbed. Also cooling property of white ice caps
which reflect heat back into space is lost further warming the earth,

Ower the past 150 years, the majority of mountain glaciers monitored have been shrinking. Many
glaciers at lower latitudes are now disappearing, and scientists predict that the majority of glaciers
will be gone by the year 2100. As glaciers continue to shrink, summer water flows will drop sharply,
disrupting an important source of water for irrigation and power in many areas that rely on mountain
watersheds. Monitoring of Himalayan glaciers indicates that recession of some glaciers has occurred
in some regions though not consistently across entire mountain chain.

Altered Rainfall Patterns "

Rainfall patterns would be altered, with some areas getting more rainfall and others suffering more
droughts. On warmer days, more water evaporates from soil and trees into the air leading to more
clouds and rainfall. But moisture can also evaporate from dry soils, depriving them of already
limited moisture.

A trend of increasing rainfall has been found along the west coast, northern Andhra Pradesh while
decreasing monsoon rainfall trend has been observed over north-gastern India and some parts of
Ciujarat and Kerala,
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Extreme Weather Events

Already, cyclones, storm, hurricanes are occurring more frequently and Moads and draghts are more
intense than before. This increase in extreme weather events are not considered as vindon events,
Computer models predict this trend towards more powerful storms and hotter, longer dy periods,
States of West Bengal, Gujarat and Kerala have reported increasing extreme weather trends

More Severe Heat Waves

Heat waves and periods of unusually warm weather are already happening and are expected 1o
increase with global warming. Already many cities in India are experiencing increasing heat waves
due to global warming.

Temperatures that people from a hotter climate consider normal can be termed a heat wave in
cooler area if they are outside the normal pattern for that area. Severe heat waves have causcd
catastrophic crop failures, thousands of deaths from heat stroke, and widespread power blackouts
due to increased use of air conditioners.

Loss of Biodiversity

Ecosystems will change—some species will move farther north or become more successful; others
would not be able to move and could become extinct. Most of the world's endangered species (some
25 per cent of mammals and 12 per cent of birds) may become extinct over the next few decades as
warmer conditions alter the forests, wetlands and rangelands they depend on and human
development blocks them from migrating elsewhere. The oceans, which are source of great
biodiversity, would also be affected. For example the coral reefs, which have limited tolerance for
warm waters would be severely affected.

Increased Diseases

Diseases currently restricted to existing hot regions may move into the newly warming regions.
Malaria is one such disease, spread by mosquito vectors, infecting and killing millions each year in
warm climates. As temperalure increases in currently temperate regions, mosquitoes and other
insects are expected to move in, spreading diseases as they go. In addition, indigenous discase
organisms previously killed by winter cold will be better able to survive milder winters.

Dwindling Freshwater Supply

A higher sea level also means salty water can infiltrate fresh groundwater in coastal areas reducing
the supply and also making it undrinkable. This is a major concern, since billions of people on earth
already lack access to freshwater. Higher ocean levels already are contaminating underground water
sources in many paris of the world. Climate change is projected to decrease water availability in
many arid- and semi-arid regions. One third of the world’s population is now subject to water
scarcity

Bureau of Energy Efficiency 239



10. Energy, Environment and Climatic change

Food Shortages

Food production needs to double to meet the needs of an additional 3 billion people in the next 30
years. Water resources will be affected as precipitation and evaporation patterns change around the
world. This will affect agricultural output, Climate change is projected to decrease potential crop
yields in the tropics and sub-tropics for almost any amount of warming, Food security is likely to be
threatened and some regions are likely to experience food shortages and hunger.

10.7 International Agreements: United Nations Framework Convention on
Climate Change (UNFCCC)

The United Nations Framework Convention on Chimate | 1, 1992 a1 the UN Earth Summit in Rio
Change (UNFCCC) was signed by over 160 countries at | ge Janeiro, many countries signed this
the United Nations Conference on Environment and | convention. Its objective was 1o
Development held at Rio de Janeiro in June 1992 came | stabilize **greenhouse gas
into force from 1994, concentrations at a level that would
prevent  dangerous  anthropogenic
It has set the agenda for action to slow and stabilize | interference with the climate system.”
climate change. The signatories to the convention | Anthropogenic interference  means
recognized the reality of global warming and agreed that | Uman interference.

action to mitigate the effects of climate change needs to be taken and that developed countries
should take the lead in this action.

The convention mentions a short-term and one far-reaching objective. The short term objective aim
is that developed countries should take action to return greenhouse gas emissions, in particular, those
of carbon dioxide to their 1990 levels by the year 2000.

The long-term objective of the convention is that the concentrations of greenhouse gases in the
atmosphere should be stabilized ‘at a level which would prevent dangerous anthropogenic
interference with the climate system’, the stabilisation to be achieved within a time-frame sufficient
to allow ecosystems to adapt naturally to climate change to ensure that food production is not
threatened and to enable economic development o proceed in a sustainable manner.

10.8 The Intergovernmental Panel on Climate Change (IPCC)

The IPCC, the Intergovernmental Panel on Climate Change, was formed in 1988 by the World
Meteorological Organization and the United Nations to review climatic data and periodically report
on their findings.

Scientists with the Intergovernmental Panel on Climate Change (IPCC) concluded in a 1995 report
that the observed increase in global average temperature over the last century “is unlikely to be
entirely natural in origin” and that the balance of evidence suggests that there is a “discernible
human influence on global climate.” Several of their conclusions are summarized below:

* Atmospheric greenhouse gases continue to increase as a result of human activities,
e The fraction of warming due to carbon dioxide exceeds 50%.
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Decreases of about 10% in snow cover have occurred since the late 1960,
Reductions in the year’s duration of lake and river ice cover occurred in the twenticth
century.

e Increases in the heat contained in the world's oceans have occurred since the late 1450k

+ Between 0.1 and 0.2 m rise in global average sea levels occurred in the twentieth contury.

The panel projects that, if current trends continue, increases in atmospheric greenhouse gases in the
twenty-first century will result in an average global temperature increase between 1.4 and 55O
About 75% of the warming is expected to be due specifically to carbon dioxide. They also project
sea-level rises of another 0.1 to 0.9 m,

The 1995 IPCC report greatly altered the world’s view of climate change and led to the 1997 Kyoto
Protocol, an international agreement among industrialized nations to modestly reduce emissions off
greenhouse gases.

10,9 Conference of Parties (COP)

The COP is the "supreme body" of the convention. The Parties to the United Nations Framework
Convention on Climate Change (UNFCCC) meet annually in the form of COP. The primary task is to
promote and review the implementation of the convention and any related legal instruments (such as the
Kyoto Protocol, etc.).

The landmark COP is COP 3 which resulted in Kyoto Protocol in 1997. The Kyoto Protocol includes
legally binding emission targets for developed countries (Annex I Parties) for the six major
greenhouse gases, which are to be reached by the period 2008-2012.

10.10 The Kyoto Protocol

The Kyoto Protocol is an international agreement linked to the | The major difference between
United Nations Framework Conveniion on Climate Change. The | e Protocol and  the
major feature of the Kyoto Protocol is That it seis binding targets
for 37 industrialized countries and the European community for
reducing greenhouse gas (GHG) emissions. This amounts to an
average of Tive per Gent against 1990 Tevels over the five-year

period 2008-2012.

Convention is that while the
convention encouraged indust
| rialized countries to stabilize
GHG emissions, the protocol
commits them to do so.

Recognizing that developed countries are principally responsible for the current high levels of GHG
emissions in the atmosphere as a result of more than 150 years of industrial activity, the Protocol places a
heavier responsibility on developed nations under the principle of “common but differentiated
_responsibilities™. S - g

The Kyoto Protocol entered into force on 2005 when Russia signed the protocol. All the
participating countries have ratified the protocol other than United States. USA which contributes to
almost 25% of global greenhouse gases has not yet ratified the protocol citing reasons that protocol
has failed to include binding targets and timetables for developing countries such as China and India
and that US economy would be seriously harmed. o
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Kyoto Protocol Reductions

Parties to the Kyoto Protocol wanted flexibility in how they could pursue reductions in greenhouse
gas emissions. They spent great amounts of time discussing flexibility mechanisms, ways by which a
nation could take credit for reducing emissions. Flexibility mechanisms are intended to supplement
not replace direct actions by a country or company such as conserving fossil fuel.

Targets

“Sf '] =
The targets cover emissions of the six main greenhouse gases, namely: LY a._-._‘-.ﬂ.‘u.u_dx‘n_
- - - = fn S gead
Carbon dioxide (COy) -
Methane (CHs)
Mitrous oxide (N0}
Hydrofluorocarbons (HFCs)
Perfluorocarbons (PFCs)
Sulphur hexafluoride (SFg)

ST TS T S

The maximum amount of emissions {(measured as the equivalent in carbon dioxide, COse) that a
Party may emit over the commitment period in order to comply with its emissions target is known as
a Party’s assigned amount. The individual targets for Annex [ Parties as per Kyoto Protocol are
listed in Table 10.2.

Table 10.2 Emission Targets for Countries listed in Kyoto Protocol

Target
_ e A (1990%* - 2008/2012)

EU-15*, Bulgaria, Czech Republic, Estonia, Latvia Liechtensicin, 8%
Lithuania, Monaco, Romania, Slovakia, Slovenia, Switzerland

Lg*** ) -T%

Canada, Hungary, Japan, Poland B -6%

Croatia _ -5%

New Zealand, Russian Federation, Ukraine 0 ]
Norway N +1%
Australia_ ) +8%

* The 15 States who were EU members in 1990 will redistribute their targets among themselves, taking advantage of a
scheme under the Protocol known as a “bubble”, whereby countries have differemt individual targets, but which
comhbined make an overall target for that group of countries, The EU has already reached agreement on how its targets
will be redistributed.

#* Some EITs (Economies In Transition) have a baseline other than 1990

4% The US has indicated its intention not (o ratify the Kyoto Protocol,
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Parties
The Convention divides countries into three main groups according to commitments:

Annex IPartics include the industrialized countries that were members of the OECD
{Organisation for Economic Co-operation and Development) plus countries with ECONOMmics in
transition (the EIT Parties), including the Russian Federation, the Baltic States, and several
Central and Eastern European States.

Annex T Parties consist of the OECD members of Annex I, but not the EIT Parties. They are
required to provide financial resources to enable developing countries to undertake emissions
reduction activities under the Convention and to help them adapt to adverse effects of climate
change. In addition, they have to “take all practicable steps” to promote the development and
transfer of environmentally friendly technologies to EIT Parties and developing countries.

MNon-Annex I Parties are mostly developing countries. Developing countries are recognized by
the Convention as being especially vulnerable to the adverse impacts of climate change,
including countries with low-lying coastal areas and those prone to desentification and drought.
Others (such as countries that rely heavily on income from fossil fuel production and COMIMErce)
feel more vulnerable to the potential economic impacts of climate change response mCAsures.
Needs and concerns are addressed through investment, insurance and technology transfer.

The Kyoto Mechanisms

Parties with commitments under the Kyoto Protocol have accepted targets for limiting or reducing
greenhouse gas emissions. These targets are expressed as levels of allowed emissions, or “assigned
amounts,” over the 2008-2012 commitment periods.

Under the Treaty, countries must meet their targets mainly through national measures. The Kyoto
Protocol also offers them an additional means of meeting their targets by way of three market-
based mechanisms. The Kyoto mechanisms are:

« Emissions trading — also known as “the carbon trading”
« Clean development mechanism (CDM)
» Joint implementation (JI).

The mechanisms help stimulate green investment as well as help Parties meet their emission targets
economically.

Emission Trading

Emissions trading allow countries that have emission units to spare - emissions permitted to them
but not “used” - to sell this excess capacity o countries that are over their targets. Emission trading
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is also known as carbon trading since carbon dioxide is the principle greenhouse gas. Carbon is now
tracked and traded like any other commaodity. This is known as the "carbon market."

Clean Development Mechanism (CDM)

The Clean Development

Mechanism (CDM) Others | 15.84%)
allows a country with an

emission - reduction Phillppines (1.77%) «__ §

Republic of Korea (1.82%) —

under the Kyoto Indonesia (2.08%)

Protocol to implement
an emission-reduction
project in developing
countries. Such projects
can earn saleable
certified emission ot
reduction (CER) credits, HRM2E50%)
each equivalent to one
tonne of CO,, which can
be counted towards
meeting Kyoto targets.
The mechanism results
in sustainable development and emission reductions, while giving industrialized countries some
flexibility in how they meet their emission reduction or limitation targets. About 2311 CDM projects
were registered worldwide as on August 2010 as shown in Figure 10.8. The major CDM projects have
been from renewable energy followed by waste handling and disposals.

Maxico (5.32%) —

Figure 10.8 Country-wise Registered Project

Joint Implementation

The mechanism known as “joint implementation,” allows a country with an emission reduction
under the Kyoto Protocol to eamn emission reduction units (ERUs) from an emission-reduction or
emission removal project in another Annex 1 country, each equivalent to one tonne of CO;, which
can be counted towards meeting its Kyoto target. A JI project must provide a reduction in emissions
by sources, or an enhancement of removals by sinks, that is additional to what would otherwise have
occurred. Joint implementation offers Parties a flexible and economic means of fulfilling a part of
their Kyoto commitments, while the host Party benefits from foreign investment and technology
transfer.

The difference between Jl-projects and CDM-projects is that J1-projects are done between countries
that both have commitments, while the CDM-projects is between one country that has commitments
and another country that does not have commitments. Emissions reductions that have been done
through CDM-projects during the period 2000 to 2007 can be used for fulfilling commitments in
Annex [ countries for the period 2008-2012,
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