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Preface


On a per-capita basis, India is one of the lowest Greenhouse Gas (GHG) emitters 
 in the world. Its emission of 1.18 tonnes of CO2 equivalent per capita in 2008 was 
 nearly one-fourth of the corresponding global average of 4.38 tonnes. However, India 
 is highly vulnerable to climate change, and has a strong interest in having a fair and 
 equitable global agreement for minimizing the risk of climate change. Although India 
 has not created the problem of climate change, which is largely due to the historical 
 emissions of the developed countries, India stands ready to be a part of the solution. 


India has already announced that it will reduce the emissions intensity of its GDP 
 by 20-25 percent over the 2005 levels by the year 2020, through pursuit of proactive 
 policies. India’s Twelfth Five Year Plan, to be launched on 1st April, 2012 will have, as 
 one of its key pillars, a low carbon inclusive growth. This Expert Group has been set 
 up to develop a strategy for the same.


The TOR of the group and the list of its members are given as Annexure to this 
 report. The group was required to give an interim report as soon as possible. Given 
 the short time period it was decided that the interim report will provide a menu of 
 options to reduce GHG emission intensity in critical sectors of the Indian economy. 


We set up a number of working groups to report on different sectors of the economy. 


The sectoral reports had to be made consistent to avoid double counting which did 
 take some time.


This interim report provides a menu of options that can reduce India’s emission 
 intensity over the time frame. Some policy measures implied by various options have 
 also been indicated. The main sectors examined in this report are power, transport, 
 industry, buildings and forestry. 


Dr. Kirit Parikh


Chairman


ExPErt GrouP on Low Carbon StratEGiES  
 for inCLuSivE Growth


Government of IndIa
 PlannInG CommIssIon


Yojana Bhawan
sansad marG
new delhI - 110 001



(4)In  the  power  sector,  reducing  electricity  demand  by  use  of  more  efficient 
 appliances, introduction of more fuel efficient power plants and changes in the mix 
 of power plants are considered. In the transport sector, promoting goods transport 
 by  railways,  mass  transport  for  passenger  movement,  facilitating  non-motorized 
 transport and increasing fuel efficiency of vehicles are explored. Among industries, 
 the possibilities of reducing emissions through change in technology in the steel, 
 cement, oil and gas sectors are considered. The scope for reducing energy needs 
 of commercial buildings is assessed. In the forestry sector, the Green India Mission 
 is briefly outlined. 


The options considered suggest that, with Determined Efforts, we can bring down 
 emission intensity of India’s GDP by 23 to 25 percent over the 2005 levels, and with 
 Aggressive Efforts, we can bring it down by as much as 33 to 35 percent over the 
 2005 levels.


I would, however, like to emphasize that we have not yet worked out the costs 
 associated with these measures, nor the feedback effect these measures would have 
 in a macro-framework. In the next report, we will examine these effects, suggest a 
 set of options to meet these targets and also provide an estimate of the associated 
 costs. 


We also intend to identify barriers, if any, to the adoption of these measures and 
 the policies needed to overcome them. Our emphasis would be on measures that 
 create incentives to self-motivate the economic agents to adopt a low carbon growth 
 path. The concern for inclusive growth is embedded in the scenarios at this stage. 


It will become more explicit when the policies are articulated


I would like to thank my colleagues on the Expert Group for their contribution, and 
 their patience in responding to my queries and carrying out the needed revisions 
 several times. I would particularly like to acknowledge the contributions of Arunish 
 Chawla and Varad Pande for their help in putting together the different chapters and 
 in drafting the report.


Kirit Parikh
Chairman
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1 Climate Change: 



Background and Approach


The threat of climate change is a serious global concern. There is near consensus 
 among  scientists  that  the  threat  is  due  to  man-  made  emissions  of  Greenhouse 
 Gases and probabilities of different degrees of temperature change have already 
 been estimated by the Inter-governmental Panel for Climate Change (IPCC).



1.1 Background


Increase  in  anthropogenic  activities  since  the  advent  of  industrialisation  in  the 
 mid-18th century has led to cumulative accumulation of Greenhouse Gases (GHGs) 
 in the earth’s atmosphere (IPCC, AR4, 2007; see Box 1.1). Increased concentrations 
 of GHGs and the overall warming of the atmosphere has resulted in changing rainfall 
 patterns,  disruption  in  hydrological  cycles,  melting  of  ice  caps  and  glaciers,  rise 
 in  sea  levels, and  increase  in  frequency  and  intensity  of  extreme  events  such  as 
 heavy precipitation and cyclonic activities. These have in turn had serious impact on 
 sustainability of water resources, agriculture, forests and ecosystems, affecting the 
 well being of billions of people on earth.


BOX 1.1: Greenhouse Gases, Radiative Forcing and Global Warming


Greenhouse Gases are gases in the atmosphere that absorb and emit radiation 
 within the thermal infrared range. This process is the fundamental cause of the 
 greenhouse effect. Greenhouse Gases greatly affect the temperature of the Earth; 


without them, the Earth’s surface would be about 33°C (59 °F) colder than at present. 


The natural greenhouse gases in the Earth’s atmosphere are water vapor, carbon 
dioxide, methane, nitrous oxide and ozone. Some amounts of GHGs are absorbed 
by the natural systems such as oceans and plant biomass, which are also referred 
to as sinks of GHGs. However, when plants are cut down and allowed to decay or 
are burnt; the GHGs absorbed by them from the atmosphere are released back 
into the atmosphere. The build up of GHGs in the atmosphere is therefore the net 
emission from sources and removal by sinks. Since the time of Industrial revolution 



(8)in the mid-18th century large scale burning of fossil fuels, land use change and 
 forestry activities have considerably enhanced the concentration of greenhouses 
 gases in the atmosphere, for example, the concentration of carbon dioxide had 
 gone up from 275 to 285 ppm in the pre-industrial era (AD 1000–1750) to 379 ppm 
 in 2005. Additionally synthetic greenhouse gases like CFCs, HCFCs and SF6 are 
 also accumulating in the atmosphere.


Table 1.1 shows the increase in main GHGs in the atmosphere from 1750 till 2005. 


It also indicates radiative forcing, i.e., the amount of energy reflected back by the 
 particular GHG per square metre of upper atmosphere. Though the concentration of 
 CO2 is 220 times that of Methane, the radiative forcing of CO2 is only three times as 
 much as a molecule of the same.


Table 1.1: GHG Concentration in Atmosphere (1750-2005)


Gas Pre-industrial 


Level Current Level   Increase Since 1750   Radiative Forcing 
 (W/m2)


Carbon Dioxide 280 ppm 379+0.65 ppm 38.2% 1.66


Methane 700 ppb 1774+1.8 ppb 149.3% 0.48


Nitrous Oxide 270 ppb 319+0.12ppb 16.3% 0.16


CFC-12 0 538+0.18 ppt – 0.17


Source: IPCC, AR4 (Table 2.1, AR4, Working Group1)


The  2007  Fourth  Assessment  Report  compiled  by  the  IPCC  (AR4)  noted  that 


“changes in atmospheric concentrations of greenhouse gases and aerosols, land cover 
 and solar radiation alter the energy balance of the climate system” and concluded that 


“most of the observed increase in globally averaged temperatures since the mid-20th 
 century are very likely (greater than 90 percent probability) due to observed increase 
 in anthropogenic greenhouse gas concentrations”. IPCC projections (Fig.1.1) indicate 
 the likely temperature increase with corresponding levels of stabilisation of GHGs. 


If emissions continue to rise at their current pace and are allowed to double from 
their pre-industrial level, the world will face an average temperature rise of around 
3°C this century. Serious impact is associated with this scenario, including rise in 
sea-levels, shifts in growing seasons, and an increasing frequency and intensity of 
extreme weather events such as storms, floods and droughts.
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Figure 1.1: Global Temperature Rise – Effect of Increase in GHG Concentration 


Source: IPCC AR4, (Working Group III: Mitigation of Climate Change)


The first step, to limit temperature rise to 2 degrees celsius, would therefore be 
 to reduce the level of GHG emissions. This would require collective and cooperative 
 global action. No country can solve the problem by itself. It would be of no use for one 
 country to reduce GHG emissions and another to increase it by the same amount.


According  to  the  IEA,  by  2030,  in  the  Reference  Scenario,  which  assumes  no 
 change in government policies, world primary energy demand is expected to be 40 
 percent higher than in 2007 (WEO, 2009). The capital required to meet projected 
 energy demand through to 2030 is huge, amounting to a cumulative $26 trillion (in 
 2008 prices) — equal to $1.1 trillion (or 1.4 percent of global GDP) per year on an 
 average basis. Over half of the entire energy investment worldwide is needed in 
 non-OECD countries, where demand and production are projected to increase the 
 fastest. If these investments are not directed into climate-friendly technologies, by 
 2050 emissions will go up by 50 percent over the current level. Bringing down the 
 level of emissions by 50 percent is considered desirable, if we are to restrict global 
 warming to 2 degrees celsius.


A shared vision for a climate-resilient and low-emission future can be built upon a 
 long-term global goal for emission reductions. It should factor in people’s aspirations 
 for development, and yet provide a yardstick for concrete and measurable action. 


Scientific information from the IPCC suggests that to avoid the most catastrophic 
impacts  of  climate  change,  greenhouse  gas  emissions  need  to  reduce  to  50-80 
percent below 1990 levels by 2050. 



(10)Some of the impacts of climate change highlighted by the IPCC include: 


By 2020, in some parts of Africa, yields from rain-fed agriculture (the dominant 


ƒ


method) could reduce by up to 50 percent;


Approximately  20-30  percent  of  plant  and  animal  species  are  likely  to  be  at 


ƒ


increased risk of extinction, if increase in global average temperature exceeds 
 1.5-2.5°C;


Widespread melting of glaciers and snow cover will reduce melt water from 


ƒ


major mountain ranges (e.g. Hindu Kush, Himalaya, Andes) where more than 
 one billion people currently live;


More than 20 million people were displaced by sudden climate-related disasters 


ƒ


in 2008 alone. An estimated 200 million people could be displaced as a result 
 of climate impacts by 2050.


Impacts of climate change disproportionately affect the poor, those who do not 
 have the means to deal with them. Thus, a strong adaptation and mitigation framework 
 is required, and substantial resources in terms of finance, technology and capacity 
 building will be needed to implement it. 



1.2 A Brief History of Global Action


Recognition and beginnings of a concerted global response to the deterioration of 
 the environment and its implications can be traced to the United Nations Conference 
 on Human Development held in Stockholm in 1972, where India’s Prime Minister Indira 
 Gandhi, was the only attending Head of State apart from the host Prime Minister Olof 
 Palme of Sweden. Concern on climate change increased through the 1980s, and an 
 Intergovernmental Panel on Climate Change (IPCC) was established by the World 
 Meteorological Organization (WMO) and the United Nations Environment Programme 
 (UNEP) as a scientific intergovernmental body to provide an assessment of the latest 
 scientific research and its policy implications for mitigation and adaptation. 


The  1990s  witnessed  the  growing  consolidation  of  the  global  response  at  the 
international  level.  At  the  Rio  Summit  in  1992,  the  United  Nations  Framework 
Convention on Climate Change (UNFCCC) was adopted. The UNFCCC is the primary 
vehicle  of  Global  Cooperation  and  Action  for  Climate  Change  with  the  objective 
of  stabilising  Greenhouse  Gas  (GHG)  concentration  at  a  level  that  would  prevent 
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dangerous anthropogenic interference with the climate system. The UNFCCC places 
 the  primary  responsibility  of  mitigation  on  industrialised  countries.  It  recognises 
 that the economic and social development and poverty eradication are the first and 
 overriding priorities of the developing countries and that in the course of meeting 
 the  developmental  needs,  GHG  emissions  of  developing  countries  are  bound  to 
 rise. Any mitigation action by the developing countries is to be taken in the context 
 of sustainable development and had to be consistent with national priorities. The 
 Convention  entered  into  force  on  March  21st,  1994  after  receiving  the  requisite 
 number of ratifications.


The first Conference of Parties (COP) to the Convention (UNFCCC), which was 
 held in April 1995, adopted the Berlin Mandate which led to the formulation of Kyoto 
 Protocol  in  1997.  As  per  the  Kyoto  Protocol,  industrialised  countries  (US  has  not 
 ratified the Kyoto Protocol) have to undertake quantified emission reductions over 
 specified commitment periods. As per the principle of ‘common but differentiated 
 responsibilities and respective capabilities’ of the UNFCCC, industrialised countries 
 listed in “Annex I” of the Protocol have binding commitments to reduce their emissions. 


Annex  I  Parties  committed  themselves  to  reducing  their  overall  emissions  of  six 
 greenhouse gases by at least 5.2 percent below 1990 levels in the period between 
 2008 and 2012, with specific targets varying from country to country. The Protocol 
 also provided the basis for three mechanisms to assist Annex I Parties in meeting their 
 national targets cost-effectively – an emissions trading system, Joint Implementation 
 (JI) of emissions-reduction projects between Annex I Parties, and a Clean Development 
 Mechanism (CDM) to encourage joint projects between Annex I and Non-Annex I 
 (developing country) Parties.


Since progress towards meeting the objectives of the UNFCCC was not satisfactory 
 and the evidence on climate change became the subject matter of intense debate 
 following  the  publication  of  the  4th  Report  (2007)  of  IPCC,  the  Parties  adopted, 
 at the 13th Conference of Parties (CoP 13) in Bali, an Action Plan to enhance the 
 implementation  of  the  UNFCCC.  The  Bali  Action  Plan  (BAP)  seeks  to  ensure  full, 
 effective and sustained implementation of the UNFCCC through long-term cooperative 
 action of the Parties, up to and beyond 2012. It is a comprehensive document to 
 address  the  four  major  building  blocks  of  climate  change,  i.e.  GHG  mitigation; 


adaptation to climate change impacts; technology development and cooperation; 



(12)and finance, on the basis of the principles of the UNFCCC. The BAP also called for 
 articulating a “shared vision for long-term cooperative action,” including a long-term 
 global goal for emission reductions. As per the BAP, developed countries have to 
 take  nationally  appropriate  mitigation  actions  in  form  of  commitments  to  reduce 
 emissions, while the developing countries have to take mitigation actions supported 
 and enabled by finance and technology provided by developed countries. 


Parties were expected to reach an agreement on issues under negotiations as per 
 the BAP at the CoP 15, held at Copenhagen in December 2009. However, negotiations 
 could  not  be  concluded  and  no  agreed  outcomes  could  be  reached  because  of 
 continuing differences amongst parties over several contentious issues. The two 


“Ad-hoc Working Groups” (AWGs) were given an extended period of one more year 
 with a mandate to reach an agreement at CoP 16 to be held at Cancun (Mexico) from 
 November 29 to December 10, 2010. 


The  Copenhagen  conference  did  lead  to  the  emergence  of  the  “Copenhagen 
 Accord” on climate change, negotiated by a group of countries. The Accord, which 
 could not achieve consensus, was noted by the COP, and later supported by several 
 countries under specific conditions. The Accord reflects a broad political consensus 
 on some of the issues that are relevant to negotiations: 


There is an agreement on the broad scientific view that the world must not exceed 
 a 2 degrees celsius increase in warming on the basis of equity, and in the context of 
 sustainable development. 


All participating countries have agreed to communicate their mitigation commitments 
 and actions. Developed countries (Annex I parties) have agreed to report measured, 
 reported and verified (MRV) mitigation actions as per COP guidelines. Developing 
 countries  (Non-Annex  I  Parties)  have  agreed  to  communicate  information  on  the 
 implementation of their mitigation actions through national communications, with 
 provisions for international consultations and analysis under clearly defined guidelines 
 that will ensure that national sovereignty is respected. 


For the first time, the participants in the discussions on Accord have agreed 


ƒ


to establish mechanisms for forestry (REDD plus), financing and technology in 
order to enable the flow of resources. 
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Developed countries have committed to jointly mobilising short-term finance 


ƒ


of USD 30 billion from 2010 – 2012. The Accord agrees to a goal for the world 
 to  raise  USD  100  billion  annually  by  2020  to  address  the  mitigation  needs 
 of  developing  countries.  A  significant  part  of  the  fund  will  flow  through  a 


“Copenhagen Green Climate Fund”. A High Level Panel has also been established 
 to study the contribution of the potential sources of revenue towards meeting 
 this ambitious funding goal.


There is also a provision for a review of the implementation of the Accord by 


ƒ


2015 in order to assess whether the long-term stabilisation goal needs to be 
 revised from 2 degrees to 1.5 degrees.


There are many areas under multilateral negotiations. These include, for example 
 the  level  of  Annex  I  parties’  ambition  and  emission  reduction  commitments, 
 establishment  of  financial  mechanism,  issue  of  prohibiting  trade  actions  on  the 
 ground of competitiveness etc. that are not fully covered by the Accord. While these 
 will remain a subject matter for further discussions, India has now agreed to list 
 itself in the Chapeau of Accord with some conditions. India has clarified that, in its 
 understanding the Accord is a political document; it is not legally binding. The Accord 
 is meant to facilitate the ongoing negotiations in the two tracks in accordance with the 
 principles and provisions of the UNFCCC, the Kyoto Protocol and the Bali Action Plan. 


The Accord could have value if the areas of convergence reflected in the Accord are 
 used to help the Parties reach agreed outcomes under the UN multilateral negotiations 
 in the two tracks, i.e., the Ad-hoc Working Group on Long Term Cooperative Action 
 and the Ad-hoc Working -Group on Kyoto Protocol. The Accord is only an input into 
 the two-track negotiations and is not a new track of negotiations or a template for 
 outcomes.


The developed countries account for two-third of energy consumption and a similar 
 level of CO2 emissions. The energy consumption of developing countries is estimated 
 to rise by 4 to 5 percent over the next 20 years, and emissions would also increase 
 to sustain such a growth in energy consumption. China has seen rapid growth over 
 the last 15 years, and its CO2 emissions have also grown significantly.


CO2 emissions for India are also growing due to accelerated pace of growth and 
energy consumption. However, the per capita energy consumption and emission 



(14)in India are still in the mid range for the least developed countries (LDCs). The per 
 capita energy consumption and emission parameters for some of the major energy 
 consuming nations are given in Table 1.2.



1.3 Carbon Footprint of Countries


The GHG emissions of a country depend on many things -- its level of income, 
 life style, need for heating or cooling, population, level of economic activity, trade 
 patterns, urbanisation, population density, size of the country, transport infrastructure, 
 its  natural  resources,  etc.  Thus,  not  only  the  total  emissions,  but  also  per  capita 
 emissions vary widely across countries. So do the emission intensities of economic 
 activities as measured in tonnes of carbon dioxide emitted per dollar worth of Gross 
 Domestic Product (GDP).


Table 1.2: 2008 Emissions Data for Selected Countries


Region /


Country Population
 (million) 


GDP
 (billion 


2000 
 US$) 


GDP ppp
 (billion 


2000 
 US$)


Energy 
 Cons. 


(MTOE)
 CO2
 Emissions


MT CO2
 Per-
 capita
 Energy 


Cons. 


(kgOE)


Energy 
 Intensity 


KgOE/ 


$GDPppp
 Kg  
 CO2/ 


$GDP  
 ppp


Per- 
 capita
 Electricity 


Cons. 


(kwh)


Per-Capita 
 CO2
 Emission 


(tonnes) 


World 6609 39493 61428 12029 28962 1.82 0.20 0.47 2752 4.38


China  1327 2623 10156 1970 6071 1.48 0.19 0.60 2346 4.58


Brazil 192 808.95 1561 235.56 347 1.23 0.15 0.22 2154 1.80


India  1123 771 4025 421 1146 0.53 0.10 0.28 543 1.18


Japan 128 5205 3620 513.5 1236 4.02 0.14 0.34 8475 9.68


S. Africa  48 178 517 134.3 346 2.82 0.26 0.67 5013 7.27


Thailand 64 173 548 104 226 1.63 0.19 0.41 2157 3.54


Turkey  74 372 821 100 265 1.35 0.12 0.32 2210 3.59


UK 61 1766 1833 211 523 3.48 0.12 0.29 6142 8.60


USA 302 11468 11468 2340 5769 7.75 0.20 0.50 13616 19.10


France  64 1506 1738 264 369 4.15 0.15 0.21 7573 5.81


Germany 82 2065 2315 331 798 4.03 0.14 0.34 7185 9.71


Russia 141.79 429.55 1651.17 786 1593.83 5.54 0.48 0.97 6443 11.24
Source: International Energy Agency 2009 
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It is seen that India’s CO2 emissions are less than one fifth that of USA and China. 


In per capita terms India emits 1.18 tonnes of CO2, China emits four time as much and 
 US 16 times as much. Our emission intensity is 0.28 kg of CO2/$ of GDP in Purchasing 
 Power Parity (PPP) terms, China’s is more than twice as high, and USA’s is higher 
 than the world average and 1.8 times of India. In fact, developed countries account 
 for two-third of global energy consumption and similar levels of CO2 emissions. On 
 the other hand, per capita energy consumption and emissions for India are amongst 
 the lowest in the world. 


Since GHGs are estimated to stay in the atmosphere for 100 years or so, a country’s 
 responsibility is related to its emissions over a long period of time. Table 1.3 shows 
 GHG emissions of various countries since 1850 when the pace of industrial revolution 
 accelerated, and then again from 1990 when preparations for the Rio conference 
 began and all countries became aware of the threat of climate change.


Table 1.3: Energy-related Cumulative CO2 Emissions


Country / Region MT CO2 MT CO2 Percent Percent


1990 - 2006 1850 - 2006 1990 - 2006 1850 - 2006


World 400834 1150702 100.0 100.0


India 15977 27433 4.0 2.4


China 61360 99204 15.3 8.6


Brazil 4925 9457 1.2 0.8


USA 92641 333747 23.1 29.0


Europe15 55377 252148 13.8 21.9


Annex I 237534 856115 59.3 74.4


Non-Annex I 157582 281497 39.3 24.5


Source: WAI, CAIT Database Accessed on May 4, 2010.


It is seen that India’s contribution since 1850 to global emissions was only 2.4 
percent while that of USA was 29 percent. Annex I (developed) countries account 
for nearly 75 percent and Non-Annex I (developing) countries around 25 percent of 
cumulative global emissions. List of Annex I countries is given in the Box below. When 
looking at cumulative emissions since 1990, the share of Non-Annex I countries is 
nearly 40 percent, as emissions of Non-Annex 1 countries have grown faster than 
emissions of Annex I countries over this period. However, India’s share of emissions 
since 1990 has only been 4 percent, while China’s has been 15 percent and USA’s 
23 percent.
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Australia,  Austria,  Belarus,  Belgium,  Bulgaria,  Canada,  Croatia,  Czech  Republic, 
 Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, 
 Italy, Japan, Latvia, Lithuania, Luxembourg, Netherlands, New Zealand, Norway, 
 Poland, Portugal, Romania, Russian Federation, Slovakia, Slovenia, Spain, Sweden, 
 Switzerland, Turkey, Ukraine, United Kingdom, United States of America.


Total energy-related CO2 emissions at the global level increased from 22.0 BtCO2 in 
 1990 to 29.9 BtCO2 in 2007, and that of USA increased from 4.8 BtCO2 to 6.1 BtCO2, 
 an increase almost as much as India’s total emissions of 1.5 BtCO2 in 2007. While 
 total emissions of most countries have grown, the intensities have been gradually 
 declining. Figure 1.2 shows how emissions for selected countries have changed since 
 1990’s. The only country that showed significant reduction was Germany. Emissions 
 of USA have grown despite the UNFCCC and Kyoto protocol1. The most dramatic 
 increase is shown by China which tripled its emissions over these years and now 
 emits more than USA.


Figure 1.2:Growth of Total CO2 Emissions of Select Countries


1 US has refused to ratify the Kyoto Protocol.



1.4  India’s Energy Needs for Inclusive Growth 


India needs to sustain an economic growth of 9 percent over the next 20 years 
 to eradicate poverty and meet its human development goals. Meeting the energy 
 requirements for growth of this magnitude in a sustainable manner presents a major 
 challenge. 


In December 2008, Government of India approved an Integrated Energy Policy 
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(IEP) for the country. The IEP estimates that the India’s primary energy supply will 
 need to increase by 4 to 5 times and its electricity generation capacity by 6 to 7 times 
 of its 2003-04 levels to deliver a sustained growth rate of 9 percent through 2031-
 32 with primary energy supply growth of around 5.8 percent per year. Commercial 
 energy supply would need to grow faster at about 6.8 percent per annum as it will 
 incrementally replace non-commercial energy over this period. 


Table 1.4 indicates the range of projected future energy requirement scenarios 
 under 11 alternative policy regimes, implying different degrees of energy intensity. 


An important aspect of India’s energy future is that even with the most optimistic 
 assumptions the country will be heavily dependent on imported energy at the end of 
 this period. Dependence on imported oil will be over 90 percent (by the year 2030-31) 
 and dependence on imported coal is also likely to increase significantly. 


Table 1.4: Range of Commercial Energy Requirement
 (Estimates for 9 percent Growth by 2031-32)


Fuel Energy 


use in 
 2003-04


Range of 
 Requirement in 


Scenarios


Assumed 
 Domestic 
 Production


Range for 


Imports# Import 
 (Percent)#


(R) (P) (I) (I/R)


Oil (Mt) 119 397-555 35 362-520 91-94


Natural Gas (Mtoe)  29 125-235 100 25-135 20-57


Coal (Mtoe)# 167 860-1296 560 300-736 35-57


TCPES (Mtoe)* 329 1667-2077 - 972-1382 58-67


Source: Integrated Energy Policy


#  Mtoe- Million tones of oil equivalent. 1 toe equals 2.5 tonnes of coal or 900 cubic metres of natural gas / coal bed methane 
 (CBM). * TCPES – Total Commercial Primary Energy supply including hydro, nuclear and renewables


If  growth  is  to  be  inclusive,  demand  for  energy  must  necessarily  increase.  At 
the  minimum,  inclusive  growth  means  all  households  have  access  to  clean  and 
convenient means of modern energy. This means all households are electrified and 
that all have access to clean cooking fuels such as natural gas or LPG. In other words, 
a secular shift from traditional biomass (which is mostly carbon neutral) to modern 
commercial energy has to be consciously built into our strategy. Towards this end, 



(18)the IEP scenarios project 100 percent electrification of all households by 2020. It also 
 estimates the cooking fuel requirement of LPG for 1.5 billion persons at around 55 
 Mtoe by 2020. 


Increasing energy use efficiency, ensuring a competitive energy sector, expanding 
 domestic resource base, acquiring energy assets abroad, developing alternate fuels, 
 laying pipelines for importing gas, building LNG terminals, improving and augmenting 
 port facilities, building strategic reservoirs for crude storage, enhanced diplomacy for 
 continuance of energy import for bridging the gap between demand and indigenous 
 supply, are some of the measures necessary for energy security in the country. Our 
 compulsions  require  we  develop  the  available  options  and  in  particular,  the  low 
 carbon ones.



1.5 India’s Actions on Climate Change


India is determined to see that her per capita emissions level will never exceed the 
 average per capita carbon emissions level of developed countries. This declaration, 
 made by India’s Prime Minister on June 8, 2007 at Heiligendamm, Germany continues 
 to guide India’s stand towards energy consumption and places a self-imposed restraint. 


It is a voluntary commitment made by India towards the international community. 


In December 2009, India announced that it would aim to reduce the emissions 
 intensity of its GDP by 20-25 percent from 2005 levels by 2020. This is a further 
 articulation of India’s voluntary domestic commitment, even though it does not see 
 itself a part of any internationally legally binding agreement on emission intensity 
 targets and emission reduction outcomes. This announcement shows India’s resolve 
 to ensure that its growth process is sustainable and based on low carbon principles. 


This goal will require necessary sector specific actions to reduce emissions intensities 
 over India’s 12th, 13th and 14th Five Year Plan periods. This is what the present Expert 
 Group is helping develop. 



1.6 Conceptualising Low Carbon Inclusive Growth


India’s  approach  to  low-carbon  inclusive  growth  recognises  that  policies  for 
climate change mitigation differentially affect the objectives of development. These 
objectives include poverty alleviation, improvement in quality of life, distributional 
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justice, job creation, competitiveness, industrial growth and improving the quality 
 of  local  environment.  Improvement  in  quality  of  life  goes  beyond  simple  poverty 
 alleviation. 


Low-carbon policies that are inclusive need to be differentiated across sectors 
 based  on  national  priorities  and  transaction  costs  of  implementing  the  policy.  In 
 sectors such as land, water and forests; livelihood considerations such as income 
 generation  and  poverty  alleviation  must  dominate  our  policy  choice,  even  if  it 
 requires overriding carbon emission concerns. Who bears the burden and whether 
 it is equitably distributed, need to be examined and considered explicitly during the 
 formulation and implementation of low-carbon strategies. 


This requires two sets of actions. The first is the need to quantify the extent of 
 additional burden imposed on, and the benefits that accrue to different consumers 
 and sectors of the economy. This will allow for rational policy choices. The second 
 is the need to embed in the policy an effective internal burden-sharing mechanism, 
 to make the burden and benefits more equitable. For example, due to affordability 
 constraints large groups of consumers like agriculture workers, poor households, small 
 commercial establishments etc. may not be able to bear the costs, and additional 
 burden may have to be imposed on the affording consumer class. Differentiated 
 responsibilities should be clearly stated before a policy choice is made.


Burden-sharing issues are also important with regard to the debate on comparability 
 of effort in multilateral fora – given that there needs to be equitable burden-sharing of 
 the mitigation effort across countries, and not only within the countries. Approaching 
 low carbon growth to meet multiple objectives of inclusive growth is a complex task. 


It highlights the importance of credible information to support such analysis, as well 
 as the need to internalise multiple objectives into policy making at all levels.


A low carbon strategy for inclusive growth should suggest options that meet the 
objective of inclusive growth in low carbon ways. Many low-carbon options have 
attractive payback period for individuals and firms; yet these are not adopted for a 
variety of reasons. The low carbon strategy should identify the barriers to adoption 
of these options, as also the policy measures that will help overcome them.
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1.7 Approach of the Expert Group


Given the wide range of expertise available among the members of the group,  
 working groups were set up to evaluate low-carbon options in different areas and 
 sectors. Given the limited time available for the interim report, we decided that a 
 menu of these options identified by the working groups, vetted for some measure 
 of consistency, will constitute the interim report.


Through its interim report, the group intends to get feedback from public by means 
 of the internet and public hearings at selected places in the country. Subsequently, 
 these options will be analysed for macro-economic consistency to define a country 
 wide strategy for low carbon inclusive growth. This will be followed by design of 
 policies for implementation.


The present interim report is organised as follows: Chapters 2 looks at the structure 
of India’s emissions to identify the sectors and areas that need attention and offer 
scope  for  reduction  in  emission  intensity.  Chapter  3  summarises  the  low  carbon 
options identified in the power, transport, industry, building and forestry sectors.
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India’s Emission Structure


In order to explore strategic options for reducing emission intensity of the economy, 
 an analysis of the quantities and trends of GHG emissions from different sectors is 
 essential. This helps to prioritise sectors, industries and gases where efforts can 
 be made for an effective action. Emissions take place both during, production and 
 consumption processes. The emission intensity of an economy can be lowered by 
 reducing the need for production and consumption, as well as by making consumption 
 and  production  processes  more  emission-efficient.  For  example,  need  for  air 
 conditioning can be reduced by better insulation and further reduce the energy and 
 emissions by increasing the efficiency of the air conditioner. 


Estimating  anthropogenic  GHG  emissions  (CO2,  CH4  and  N2O)  and  making 
 inventories  began  on  a  limited  scale  in  India,  in  1991.  These  were  enlarged  and 
 revised, and the first definitive report for the base year 1990 was published in 1998 
 (ALGAS, 1998) using the IPCC guidelines for preparation of national GHG inventories 
 by sources and removal by sinks. Since then, several papers have been published on 
 GHG emissions for 1990 at national level (Mitra et al. 2002), as well as district level 
 (Garg et al. 2001) have been published. These papers have included country-specific 
 emission factors and activity data, accounted for additional sources of emissions and 
 additional gases or pollutants. Also in 2000 and 2003, the IPCC brought out good 
 practice guidances that were aimed towards improving the comprehensive coverage, 
 comparability, transparency, and accuracy of the national GHG inventory (IPCC GPG 
 2000, 2003).


Taking stock of all such developments, and further fine tuning them, a comprehensive 
 inventory of emissions of CO2, CH4 and N2O for the year 1994 from energy related 
 activities, industrial processes, agriculture, land use, land use change and forestry and 
 waste management practices of the country was reported in India’s Initial National 
 Communication to the UNFCCC in 2004 (NATCOM, 2004). Subsequent research papers, 
 examine the trends of GHG emissions and make a comprehensive comparison and 
 analysis of emissions with respect to global and other country emissions (Sharma et 
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(22)al. 2006; Garg et al 2006). Recently, the Ministry of Environment and Forests, under 
 its Indian Network for Climate Change Assessment – INCCA programme has made a 
 rapid assessment of GHG emissions by sources and removal by sinks for the year 2007 
 (INCCA, 2010). These together allow us to examine the trends in emissions, and energy 
 and emissions intensity over the last decade of post-liberalisation economic growth. 


This chapter briefly describes the greenhouse gas emissions structure by sectors 
 in 2007 and the trends of emissions by sector since 1994. Based on this trend, the 
 chapter deduces the emissions for 2005. 



2.1 GHG Emissions in 2007 


In 2007, India’s greenhouse gas (GHG) emissions by sources and removal by sinks 
 was 1727.71 million tons of CO2 equivalents. This includes emissions from the energy 
 sector, industries, agriculture and waste and removals by the Land Use Land Use 
 change and Forestry (LULUCF) sector. Without LULUCF, the GHG emissions were 
 1904.73 million tons of CO2 equivalents. The GHGs covered include CO2, CH4 and 
 N2O. The distribution of CO2 equivalent (CO2-eq) emissions across sectors is shown 
 in figure 2.1.


Figure 2.1: GHG Emissions Distribution (MT C02-eq) Across Sectors (2007)2


2  Other  energy  sector  components:  include  solid  fuel  manufacturing,  petroleum  refining,  manufacturing 
 industries,  residential  &  commercial  activities,  agriculture  &  fisheries,  coal  mining  and  handling  of  oil  and 
 natural gas. Other manufacturing industries: comprise of other minerals such as glass and ceramic, soda ash 
 use; chemicals such as ammonia, nitric acid, carbides. titanium dioxide, methanol, ethylene, EDC and VCM 


...Contined on Page 17
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Energy sector: The energy sector emissions comprise of emissions due to fuel 
 combustion in electricity generation, solid fuel manufacturing, petroleum refining, 
 transport, residential & commercial activities, agriculture & fisheries. It also includes 
 the fugitive emissions due to coal mining, and handling of oil and natural gas. The 
 energy sector emitted 1100.06 million tons of CO2-eq in 2007, which is 58 percent 
 of the total CO2-eq emissions in that year. In 2007, 992.84 million tons was emitted 
 as CO2, 4.24 million tons as CH4 and 0.06 million tons as N2O. 


The  largest  chunk  of  emissions  was  from  electricity  generation  amounting 
 to  719.31  million  tons  of  CO2-eq  which  represented  65  percent  of  the  total  CO2
 equivalent emissions from the energy sector. The transport sector emitted 14 percent 
 of the emissions (142.04 million tons of CO2-eq). 13 percent of the emissions were 
 from  residential  and  commercial  sectors  (149.51  million  tons  of  CO2-eq).  Fossil 
 fuel combustion in Petroleum refining and solid fuel manufacturing sector, in the 
 Agriculture and Fisheries sector and fugitive emissions from coal mining and handling 
 of oil and natural gas, each resulted around 3 percent of the total emissions from 
 the energy sector, which were 33.85, 33.66, and 31.70 million tins respectively. The 
 residential sector emissions are due to fossil fuel and biomass combustion in rural 
 and urban residential households. About half of the residential CO2-eq emissions 
 reported were in the form of non-CO2 emissions from  combustion  of fuel wood, 
 wood waste, cow- dung and crop residue in rural households. 


Transport: Fuel combustion in transport sector including road transport, aviation, 
 navigation and railways resulted 142.04 million tons of CO2-eq emissions accounting 
 for 7 percent of the total GHG emissions from the country in 2007. Amongst all modes 
 of transport, the road transport alone emitted 87 percent of the total GHG emissions 
 or 123.55 million tons of CO2-eq. Civil aviation emitted 7 percent of the total transport 
 emissions and in absolute terms, 10.21 million tons of CO2-eq. Railways emitted 
 6.84 million tons of CO2-eq (or 5 percent of the total transport emissions). The GHG 


production, acrylonitrile, carbon blck, caprolactam and other chemicals; metals other than iron and steel such as 
ferro alloys, aluminium, lead, zinc etc.; other industries such as pulp and paper, leather/ textile, food processing, 
mining and quarrying and non specific industries (components described in the text); and non energy products 
such as paraffin and wax.



(24)emissions  from  railways  only  account  for  emissions  due  to  fuel  combustion  for 
 locomotive purposes, and for purposes other than locomotive use at manufacturing 
 units of railways. The emissions due to electricity consumption in the railways are 
 included in the emissions from electricity generation in the energy sector.


Industries: Accounted for 22 percent of the total GHG emissions or 412.55 million 
 tons of CO2-eq in 2007. The GHG emissions from industries are both due to fossil 
 fuel combustion as well as due to processes that chemically or physically transform 
 materials. Industries covered are the mineral industries, chemical industries, metals, 
 mining and quarrying, food processing, pulp and paper, textile and leather, and many 
 non specific industries such as rubber, plastic, watches, clocks, transport equipment, 
 furniture etc. are included. Also covered are emissions due to non energy product 
 use such as lubricants and paraffin waxes derived from fossil fuel. 


In 2007, the top 2 GHG emitting industries, cement and iron and steel together 
 accounted for about 60 percent of the total GHG emissions from the Industry sector. 


Around 31.5 percent or 129.92 million tons of CO2-eq emissions from the industries 
 sector was from cement industries. The Iron and steel industries emitted 117.32 
 million tons of CO2-eq. and accounted for 28.4 percent of the total emissions from 
 the  industries  sector.  The  non-specific  industries  together  were  the  3rd  highest 
 emitter in this sector contributing 21.4 percent of the total GHG emissions from this 
 sector or 88.23 million tons of CO2-eq emissions. Food processing industries emitted 
 27.72million tons of CO2-eq and the emissions from this source were 6.7 percent of 
 the total GHG emissions from the industries. Rest of the industries comprising of 
 other minerals, metals, all chemicals, pulp and paper, textile and leather, and use of 
 non energy products contributed 12.0 percent of the total CO2-eq from this sector 
 and the emissions equalled 49.36 million tons of CO2-eq.


Agriculture: Enteric fermentation in livestock, manure management, rice cultivation, 
agricultural soils and onsite burning of agricultural crop residue are the sources of 
emissions  in  the  agriculture  sector.  Together  all  these  activities  released  334.41 
million  tons  of  CO2-eq  in  2007  contributing  18  percent  of  the  total  national  GHG 
emissions in that year. 63 percent of the emissions in the agriculture sector were 
due to enteric fermentation of feed in the rumen of livestock and was in the form of 
CH4 (10.09 million tons of CH4 or 212.09 million tons of CO2-eq). CH4 emissions from 
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rice cultivation in 2007 was 3.33 million tons which is 69.87 million tons of CO2-eq 
 and accounted for 21 percent of the total GHG emissions from the agriculture sector. 


CH4 emission from rice cultivation is the net result of opposing bacterial processes - 
 production in anaerobic microenvironments and consumption and oxidation in aerobic 
 microenvironments, both of which can be found side by side in flooded rice. Direct 
 and indirect emissions of N2O from soils contributed 13 percent of the total GHG 
 emissions amounting to 0.14 million tons of N2O or 43.40 million tons of CO2-eq. 


Rest 2 percent of the emissions in the agriculture sector were from onsite burning 
 of crop residue, which was 6.60 million tons of CO2-eq.


Waste: With increase in population, there has been an increase in solid waste 
 and  waste  water  output.  Systematic  collection  of  solid  waste,  it’s  recycling  and 
 incineration for recovering energy has a large potential for reducing emissions from 
 this sector. However, in India, systematic collection and dumping of waste is only 
 carried out in urban areas leading to CH4 emissions. Incineration of waste for energy 
 has started in one or two sites only on a pilot basis. The domestic waste water is 
 managed in most of the cities and industrial waste water treatment plants regularly 
 treat the waste in industries. These two are also a large source of CH4 emissions. In 
 2007, the waste sector released 57.73 million tons of CO2-eq, of which 19.8 percent 
 was from municipal solid waste, 36.8 percent from domestic waste water and 34.4 
 percent was from industrial waste water.


Table 2.1 summarises the emissions of CO2, CH4 and N2O and the resulting CO2
 equivalent (CO2-eq) emissions in 2007 from the different sectors of the economy 
 mentioned  above,  revealing  the  overall  carbon  inventory  the  economy.  For  an 
 explanation on conversion to CO2-eq, see box 2.1. CO2 equivalence of these GHGs 
 has been derived using the Global Warming Potentials (GWP) provided by the IPCC 
 in its Second Assessment Report “1996 IPCC GWP Values” based on the effects of 
 GHGs over a 100-year time horizon (See Box 2.1).


Gas Global Warming Potential


CO2 1


CH4 21


N2O 310


Source: IPCC (1996) 



(26)Box 2.1: Global Warming Potential (100-year Time Horizon)


The IPCC developed the Global Warming Potential (GWP) concept to compare the 
 ability of each greenhouse gas to trap heat in the atmosphere relative to another gas. 


The GWP of a greenhouse gas is defined as the ratio of the time-integrated radiative 
 forcing from the instantaneous release of 1 kilogram (kg) of a trace substance relative 
 to that of 1 kg of a reference gas (IPCC 2001). Direct radiative effects occur when the 
 gas itself is a greenhouse gas. The reference gas used is CO2, and therefore GWP-
 weighted  emissions  are  measured  in  CO2-equivalents  (CO2-eq.).  All  gases  in  this 
 chapter have also been presented in units of Gg CO2-eq. See box 2.1 for the GWPs 
 used in this report


Table 2.1 GHG Emissions by Sector (2007)


Sector CO2


(million tons) CH4


(million tons) N2O
 (million tons)


CO2 -eq 
 (million 


tons)


Electricity 715.83 0.08 0.011 719.31


Transport 138.86 0.23 0.009 142.04


Other energy activities 138.15 4.23 0.038 238.71


Cement 129.92 –- –- 129.92


Iron and steel 116.96 0.009 0.001 117.32


Other manufacturing industries 158.98 0.14 0.019 165.31


Agriculture –- 13.78 0.146 334.41


Waste –- 2.52 0.015 57.73


TOTAL 1398.70 20.56 0.24 1904.75



2.1.1 Carbon Dioxide Emissions 


In 2007, the total amount of CO2 emitted without LULUCF was 1398.70 million 
tons, which accounted for 73.4 percent of the total CO2 emissions. The electricity 
sector accounted for 51 percent of the total CO2 emissions emitting 715.38 million 
tons of CO2. About 10 percent of the CO2 emission was from the transport sector 
(138.86 million tons of CO2). Another 10 percent was from other energy industries 
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(138.15 million tons of CO2). Amongst the other energy industries, 80 percent of the 
 CO2 emissions (or 104.36 million tons of CO2) were from residential, commercial/


institutional,  and  agriculture/fisheries  sectors,  indicating  the  use  of  fossil  fuel  for 
 space lighting, cooling, heating, pumping and for engines to run trawlers etc. All the 
 manufacturing industries together accounted for 29 percent of the total CO2 emissions 
 (405.86 million tons). of this 58 percent of the CO2 emissions were together from iron 
 and steel industry and the cement industries (246.88 million tons of CO2). See figure 
 2.2 for details of CO2 emissions distribution across sectors in 2007.


Figure 2.2: CO2 Emissions Distribution (million tons) Across Sectors (2007)



2.1.2 Methane Emissions 


In 2007, 20.56 million tons of methane (CH4) was emitted from anthropogenic 
activities, which accounted for 22.7 percent of the total CO2 equivalent emissions 
without LULUCF. Agriculture sector is the largest source of CH, it accounted for 66.1 
percent of the total CH4 emissions. Livestock, Rice cultivation, and onsite burning 
of  crop  residue  respectively  emitted  48.3,  15.7  and  1.1  percent  of  the  total  CH4
emissions from India in 2007. The residential sector contributed 12.9 percent of the 
total CH4 mainly due to combustion of fossil fuel as well as biomass in rural and 
urban households. Fugitive emissions from the energy sector are substantial as well, 
as they account for 7 percent of the total CH4 emitted in 2007. In the waste sector, 
CH4 from waste water i.e domestic and industrial waste water together account for 
11.9 percent of the total CH4 emissions. Compared to that the methane emitted from 



(28)municipal solid waste is only 2.9 percent of the total CH4 emission in 2007. See figure 
 2.3 for detailed CH4 emission distribution by sector.


Figure 2.3: CH4 Emission Distribution (million tons) Across Sectors (2007)



2.1.3 Nitrous Oxide Emissions


N2O emissions constitute a rather small portion of CO2 equivalent emissions in India 
(only 3.9 percent of the total CO2-eq without LULUCF in 2007 ). The maximum N2O 
emissions is due to agricultural activities which accounted for 64.9 percent of the total 
N2O emissions. Direct and indirect N2O emissions due to use of nitrogenous fertilisers 
is the main reason for nitrous oxide emissions in agriculture sector. In 2007 about 140 
thousand tons of N2O was emitted from agricultural soils. Within the energy sector, 
the residential sector is the largest emitter of N2O. It emitted 36.29 thousand tons of 
N2O, accounting for 15.2 percent of the total N2O emissions in 2007. Amongst the 
manufacturing industries, nitric acid production lead to the maximum N2O emissions 
of around 16.05 thousand tons accounting for 6.7 percent of the total N2O emissions 
in 2007. For details of emissions of N2O by sector, see figure 2.4.
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2.2 Trends of GHG Emissions and Carbon Intensity


A comparison of GHG emissions trends between 1994 and 2007 (table 2.2) reveals 
 that the total CO2 equivalent emissions excluding LULUCF has increased by 690.58 
 million tons over this period, growing at a compounded annual growth rate (CAGR) 
 of 3.5 percent. Further, if the agriculture sector is subtracted from the this total, then 
 the GHG emissions in this period is seen to be growing from 869.76 million tons to 
 1570.34 million tons, an increase of 700.58 million tons. The compounded annual 
 growth rate being 4.6 percent. 


All sectors show an increase in emissions, except for agriculture. The emissions 
 from sectors that are growing at a very fast rate are cement, electricity and waste with 
 a CAGR of 6 percent, 5.6 percent and 7.3 percent respectively. Growth in these sectors 
 can be attributed to tremendous increase in capacity of production during 1994 to 
 2007. Further, the emission intensity as expressed in grams of CO2 -eq per Rs. of GDP 
 has fallen from 66.8 in 1994 to 56.21 in 2007, indicating the impact of government 
 policies that encourage energy efficiency in various sectors of the economy.


Figure 2.4: N20 Emissions Distribution (thousand tons) Across Sectors (2007)



(30)Table 2.2: Trends of CO2-eq Emissions and Emission Intensities


Sector 1994 2007 Change CAGR


Electricity 355.04 719.31 364.27 5.6


Transport 80.29 142.04 61.75 4.5


Residential 78.9 137.84 58.94 4.4


Other Energy 78.92 100.87 21.96 1.9


Cement 60.87 129.92 69.05 6.0


Iron & steel 90.53 117.32 26.79 2.0


Other manufacturing 


Industries 101.98 165.31 63.33 3.8


Agriculture 344.49 334.41 -10.08 -0.2


Waste 23.23 57.73 34.50 7.3


Total CO2-eq emissions 


excluding LULUCF 1214.25 1904.75 690.50  3.52


Total excluding LULUCF 


and Agriculture 869.76 1570.34 700.58  4.65


GDP (Rs. Billion)* 12,825 30,619 17,794  6.92


Emission intensity** 66.8 56.2 10.2 -1.34


*@1999-00 prices (Central Statistical Commission, India) 


**in grams of CO2 equivalents per Rs. of GDP 



2.3 GHG Emissions in 2005


Since India envisages reduction in the emissions intensity of its GDP by 2020, 
by 20-25 percent over the 2005 levels, it is important to assess the baseline GHG 
emissions for 2005, and use the knowledge to design low carbon strategies that 
also allow for inclusive growth. In order to do so, a detailed bottom up assessment 
of activities leading to GHG emissions, duly validated by national communication, 
is desirable. However, in the absence of the same, growth rate of emissions is also 
a fairly reliable indicator. In table 2.2, it can be seen that CO2 equivalent emissions 
excluding LULUCF and Agriculture are rising at a compounded annual rate of 4.65 
percent. Using this growth rate, it is estimated that India emitted 1433 million tons 
of CO2-eq in 2005. 
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2.4 GHG Inventory - Data and Measurement


Accurate  and  timely  availability  of  national  GHG  emissions  data  is  critical  for 
 good policymaking and for tracking the progress we are making towards the goal of 
 reducing the emission intensity of our GDP. Inventories of GHG gases such as CO2, 
 CH4, N2O, HFCs, PFCs and SF6 emitted from various sectors of the economy need 
 to be prepared on a regular basis. Measuring the trends of GHGs emitted each year 
 is critical as it enables policymakers to understand the actual reduction in intensity 
 achieved through the measures introduced. Currently, there are long gaps in official 
 reporting of National GHG inventories. The year of reporting of the GHG inventories 
 in the national communication (NATCOM) is determined by the Conference of Parties 
 to the UNFCCC. Currently, GHG inventories are officially available for the year 1994, 
 as reported in India’s first national communication to the UNFCCC (NATCOM-I). The 
 second national communication (NATCOM-II) requires GHG inventories to be reported 
 for the year 2000 by the year 2011. In view of the time-lag, Ministry of Environment 
 and Forests has carried out a rapid assessment and has arrived at GHG inventories by 
 sources and removal by sinks for the year 2007. However, an inventory management 
 system needs to be put in place and a systematic approach is required to develop a 
 time series for the earlier gap years as well as for the years ahead, and for continuously 
 reviewing these. 


Annual GHG inventories will provide an opportunity to measure the impact of the 
steps taken to reduce carbon intensities. Also, reporting with large lags does not 
provide timely information for policy-making. Thus the need to create a mechanism 
that can estimate the GHG emissions on a regular basis, particularly in the light of 
the goals that India has set for itself on reducing its emissions intensity. This is a 
daunting task as uncertainty exists in terms of gap in activity data, quality of the 
activity data and non-availability of emission factors etc. These over a period of time 
can be bridged by collating activity data from various Ministries, their Departments, 
the Industry etc., performing QA/QC checks on routine basis, commissioning surveys 
to ascertain data gaps, developing emission factors for key emission sources, analysis 
to ascertain level of uncertainties, and last but not the least, a regular review of the 
estimates by a third party for reliable inventory estimate of greenhouse gases at all 
levels on an annual basis.



(32)A systematic approach for measuring and reporting GHG inventory as an annual 
 cycle is therefore required to ensure the automaticity of generating GHG information 
 covering  all  emitting  and  sequestering  sources.  The  system  will  estimate  GHG 
 emissions for each year with recognised methodologies such as those provided by 
 the IPCC, and institute measures to prepare country specific emission factors for the 
 key sources. ‘Bottom up’ and ‘Top down’ approaches for measuring and mapping the 
 GHG inventories need to be put in place.


The top-down approach entails preparing GHG inventories at national/state/city 


ƒ


level, emitted from all activities by sector. 


The  bottom-up  approach  would  track  GHG  inventories  of  companies/PSUs 


ƒ


that would take into account the impact of the various energy efficiency or fuel 
 switching measures implemented at the utilities/installations (can be referred 
 to as point sources). This approach will have two major benefits: First, it will 
 allow validation of the results of the estimation done through the top down 
 level, thereby improving accuracy and confidence of the estimates. Second, 
 it will form the basis of emissions trading programmes, voluntary disclosure 
 programmes, carbon or energy taxes, and regulations and standards on energy 
 efficiency and emissions that may be brought about in the future. 


The key initiatives that need to be undertaken for India to have a comprehensive 
 data  base  of  GHG  emissions  from  the  country  for  all  sectors  at  various  levels  of 
 disaggregation would entail:


1.  Setting  up  of  a  National  Greenhouse  Gas  Inventory  Management  Authority 
 (NGIMA) to track the trends of greenhouse gas emissions from all sectors of 
 the economy at national state district point source level 


2.  Setting  up  of  a  National  GHG  Inventory  Management  System  (NGIMS)  for 
 archiving,  updating  and  producing  information  on  activity  leading  to  GHG 
 emissions or removals, that will produce the trends of emissions or removals 
 by sector at national/ state/ district/ or at point source level


3.  Designing  mechanisms  for  voluntary  disclosure  of  GHGs  from  installations 
managed by PSUs/Corporates, and from Medium Scale Enterprises to track the 
impact of energy efficiency measures or GHG mitigating measures undertaken 
by them on their annual GHG emissions.
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2.5 Summary


GHG  emissions  from  India  without  LULUCF  have  increased  during  the  period 
 1994-2007 from 1214.25 to 1904.75 million tons of CO2-eq., registering an increase 
 of 690.5 million tons. The compounded annual growth rate of emissions was 3.52 
 percent.  Further,  excluding  agriculture,  the  change  in  emission  between  the  two 
 periods was 700.58 million tons and the emissions increased at a compounded annual 
 growth rate of 4.65 percent. All sectors of the economy except agriculture, showed 
 an increase in emission between 1994 and 2007. Using the rate of growth for overall 
 CO2-eq emissions, excluding LULUCF and agriculture sectors, it is estimated that 
 India emitted 1433 million tons of CO2-eq in 2005.


CO2-eq emission intensity per unit of GDP is observed to be decreasing, though 
 both CO2-eq emissions and GDP are increasing annually. It is pertinent to mention 
 that over this period (1994-2007) GDP from services on an average grew faster than 
 the overall GDP. With the growth accelerating further and manufacturing taking its 
 due place in the overall economy, emissions are expected to increase further up to 
 2020. Many low C technological options are currently being used to decrease the 
 energy intensity of the economy. More such options could be explored to achieve 
 the desired target of reducing the emission intensity of India’s GDP by 20-25 percent 
 over the 2005 levels by 2020.


Further, to assist national level decision-making, it is necessary to have year-on-
year GHG inventory assessment conducted through point sources, both by sectors 
and categories. This annual process will enable improvement in the GHG numbers 
by reducing uncertainties through increase in data coverage, ensuring comparability 
of numbers, transparency and accuracy. Continuous bridging of data gaps, updating 
existing country specific emission factors and proper implementation of the QA/QC 
procedures can all be done by establishing a National Inventory Management System 
under the umbrella of a National GHG Management Authority.
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