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Abstract

Methane (CH) and Nitrous Oxide (D) contributed 27% and 7% respectively to India’s,CO
equivalent greenhouse gas (GHG) emissions in 2000, the remaining being the Carbon Dioxide
(CO,) emissions. Presently, agriculture and livestock related emissions contribute above 65% of
Indian CH, emissions and above 90% ot emissions. Since these activities are widely
dispersed, with a considerable portion being sub-sustenance activities, emission mitigation
requires considerable efforts. We use geographical information system (GIS) interfaced Asia-
Pacific Integrated Model (AIM/Enduse), which employs technology share projections, for
estimating future CikHand NO emissions. The future emissions and mitigation flexibility are
analyzed for a reference scenario and two mitigation scenarios (medium and strong). Fyture CH
emissions in 2030 are projected to reach 24.4 Tg (reference scenario), 21.3 Tg (medium
mitigation scenario) and 17.6 Tg (strong mitigation scenario). Futuree@iission scenarios
indicate rising shares of municipal solid waste (MSW) and coal bed methane (CBM), where
mitigation technologies have good penetration potential. Improved cattle feed and digesters, and
better rice paddy cultivation practices that are adopted for higher yields and improved irrigation
coverage also offer GHmitigation as ancillary benefits. Future emissions in 2030 are
projected to reach 0.81 Tg (reference scenario), 0.69 Tg (medium mitigation scenario) and 0.6
Tg (strong mitigation scenario). Better utilization of nitrogen fertilizer and increased use of
organic fertilizers, partly produced from MSW, offer interesting mitigation opportunities,@r N
emissions. Some of these technology initiatives are already visible in India at different stages of

development and appropriate policy thrust may strengthen them in future.
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1 Introduction

Indian methane (Chl emissions (18.63 Tg) and nitrous oxide@) emissions (0.31 Tqg)
in 2000 contributed 27% and 7% respectively to,Cfuivalent greenhouse gas (GHG)
emissions, the remaining being carbon dioxide j&missions (928 Tg) (Garg et al, 2003; Garg
and Shukla, 2002). The key source categories and main sources for Indian emissions are given in
Table 1. Coal (46%) and oil product (15%) consumption together contribute above 60% of the
total emissions. The main consumers of these fuels are the industry (including electric power
generation) and transport sector. Agriculture, including livestock and other activities, contributes
29%. It is interesting to note that India’s GHG emissions are predominantly from urban activities
even though majority of the Indian population (over 70%) live in villages, where agriculture is
the main economic activity.

Large fossil fuel use by major energy intensive sectors has resulted in a high growth rate
of emissions at above 5% per annum during 1990-2000 (Garg and Shukla, 2002). Howgver, CH
emissions have grown slower at 1.8% per annum due to enteric fermentation and rice cultivation
dominance, which grew below 1% per annum. Althougl) lemissions also have agriculture
dominance (above 90%), their annual growth rate has been much higher, at around 5%, due to
faster growth of the main contributing factor, namely, the use of synthetic fertilizer. Many
studies have estimated future carbon emissions for India and the related mitigation opportunities
(Ghosh et al., 2001; Shukla et al.,, 2001; Garg et al., 2002; Kapshe et al., 2003). However,
mitigation flexibility for future Indian Chland NO emissions is attracting attention due to the
basket of GHG approach and also to utilize the alternate mitigation opportunities for these two
gases that offer synergies with sustainable development, especially in developing countries. A
study in Finland has shown that it is profitable to exploit the economic reduction potential of
CH, and NO, and the inclusion of these two gases decreases the annual reduction costs by about
20% in 2010 (Tuhkanen et al. 1999). Innovative technologies offer interesting mitigation

opportunities. This paper is an attempt to estimate these trends for India.



2 Methodology and scenario description

The future CH and NO emission trends mainly depend upon macro-economic structure,
agriculture sector reforms, irrigation development and improved technology penetration. The
technology dependence of emissions necessitates disaggregated study of demand and supply
projections, environmental performance of various technologies, and detailed assessment of
technological progress and future transitions. We, therefore, adopt a bottom-up methodology,
which has the modified Enduse component of Asia Pacific Integrated Model (AIM) as the central
piece (Kainuma et al., 1997; 1999). AIM uses an optimization framework for methane@nd N
generating activities in the economy. Future emission estimation is based on technology shares

following the equation;

Total emissions = > (Activity level * Emission coefficient)
Source Technology
This is in line with the recommended Intergovernmental Panel on Climate Change

methodology (IPCC, 1996) and follows the same approach as usedbwllL{1999) and Garg
et al. (2001).

The future CH and NO emissions and mitigation flexibility are analyzed for a reference
scenario and two mitigation scenarios (medium and strong). Projections of future activity levels
are exogenous to the model. Technology mix is based on marginal costs,; dn@HYO
mitigation, and exogenous technology bounds based on expert judgment to avoid penny-
switching effect of linear programming. AIM/Enduse minimizes the total system cost for each
year. The reference scenario reflects the current official policies of the government and forecasts
of macro-economic, demographic and agriculture sector indicators. The key driving forces for
CH4 and NO emissions projections are economic growth, population (livestock and human),
urbanization patterns, land reforms, technological progress and global climate change regimes.
Different possible combinations of these key-driving forces would drive the future sectoral
technology mix.

The paper considers medium and strong mitigation scenarios fparf@HNO emissions.
Medium mitigation scenario has 5% cumulative mitigation over the reference scenario emissions

during 2000-2030, while strong mitigation has 10% mitigation for the same period.



3 Reference scenario results

CO, equivalent GHG emissions grow about 2.6 times during 2000-2030, mainly
propelled by high C@and NO emission growth (Fig. 1). GGshare grows at the expense of

CH, share (Fig. 2), although GHmissions also rise in absolute terms (Table 2).

3.1 Methane emissions

Methane emission sources include rice paddy cultivation, livestock fermentation, manure
management, coal mining, municipal solid waste, waste water, biomass burning, oil and natural
gas exploration, flaring and transport. Agriculture sector contributes above 65% to Indian
methane emissions. The future methane emission trends mainly depend upon macro-economic
structure, agriculture sector reforms, irrigation development and improved technology
penetration. Future Cd emissions are shown in Table 3. There is a declining trend for
agriculture and livestock related emission shares, while those from waste and coal mining rise
gradually (Fig. 3).

Almost 90% of CH produced from livestock is from enteric fermentation (Garg et al.,
2001). Ruminant animals namely cattle, buffalo, sheep and goat contribute almost the entire
CH,4 emissions from this category in India. These emissions have steadily increased during the
nineties (Garg and Shukla, 2002). The livestock population census is normally done every five
years in India. There are some interesting trends observed in the last five censuses conducted in
1977, 1982, 1987, 1992 and 1997 (MOA, 1998). The cattle population is reducing in many
Indian states. However, in cattle sub-categories, there is an increase in crossbred dairy cattle
numbers while indigenous cattle population is reducing. The crossbred dairy cattle have higher
per head Chlemissions as compared to indigenous cattle. Moreover non-dairy cattle population
is also reducing with increase in beef consumption and export. In dairy category, buffalo share to
total milk production in the country is increasing rapidly (almost 54% presently) as compared to
about 40% two decades back. As indicated earlier, dairy cattle have the highesniSslons
per head and in that category buffalo related emission coefficients are the highest. Therefore the
present population trends indicate a marginal increase in @Hissions from enteric

fermentation in India even though the livestock population decreases.



Livestock feeds in India are not scientifically monitored as they are mostly in the
unorganized sector, and agriculture crop residue and common grass form the main animal feeds
(Ranjhan, 1993). Mustard oil cakes (obtained after extracting oil) are also used by some farmers
to add nourishment to animal feed. Improved animal feeds, like Urea Molasses Block (UMB),
are slowly being used in some advanced states like Punjab and Gujarat. These coupled with
suitable feed digesters, mainly given to enhance milk production, also have the potential to
reduce average GHemissions from enteric fermentation (Kalra et al., 2003). However, due to
widespread livestock population, lack of awareness and access to improved feeti@ation
from this category requires substantial efforts.

The increase in municipal solid waste (MSW) related emission is due to increasing urban
population, higher waste collection and dumping in Indian urban areas, deeper waste dumps and
their improved management. The DOC increases slightly as percentage of organic waste
(garden/yard, commercial waste) increases. Waste segregation into degradable, plastics, bottles
etc improve over the years at household level. Higher percentage of non-degradable materials
therefore get removed and recycled in future before being sent to the MSW dumpsites, replacing
urchins at colony waste-bins and at large MSW dumpsites. Removal of these recyclable
materials would enrich the solid waste in biodegradable materials.

The overall waste collection would increase in future considering all the urban areas
together. Municipal corporations of large urban conglomerates are conscious of increasing their
waste collection. Some of these trends are already visible in India. For instance, the Municipal
Corporation of Delhi (MCD) is planning for GPS monitoring of its garbage collection trucks to
ensure efficient garbage lifting and disposal (HT, 2003). These satellite monitored movements of
waste collection trucks will be linked with computerized recording of waste dumped by them at
the MSW dumpsites on a daily basis. This will increase accountability in MSW collection of
over 50,000 employees and 2,000 trucks of MCD, thus increasing total MSW collection in Delhi.
There are reasonable possibilities that this innovative use of information technology for
increased MSW collection by MCD may soon catch up with other mega and large cities in India,
thereby increasing national MSW collection and disposal at dumpsites. Moreover 20% of the
Indian population (70% of the urban population) lives in smaller cities and towns. As India

develops, these cities would also start collecting their MSW more systematically, thus increasing



the overall MSW collection volumes. Such processes increase methane generation rates in future
from MSW.

Waste to organic fertilizer conversion is another interesting technology that is already
commercially available in India. This technology employs direct enzyme spraying at community
waste collection dustbins thus accelerating waste decomposition while simultaneously reducing
the rotten smell. This decomposition reduces the solid waste volumes, therefore reducing the
need for frequent waste collection by the municipalities. Presently almost all the MSW sites are
un-managed in India, except for a few in mega-cities, like Okhla landfill in Delhi. IPCC default
value for un-managed sites is used for present Indian emissions, which would increase as the
waste dumpsite management improves and they become deeper than 5 meters.

CH, recovery from dumpsites also increases gradually and it may be used for energy
purposes. Landfill gas recovery for energy production is potentially the most cost-effective way
of reducing the greenhouse impact from large landfills in Finland (Pipatti and Wihersaari, 1998).
This technology is already in pilot phase in India. Another innovative technology under research
and pilot testing phase is solid waste to electricity conversion. The study by Pipatti and
Wihersaari (1998) have also shown that the burning of all waste or the combustible fraction in
the waste could be an efficient way of reducing,@hhissions, especially if the energy produced
could reduce the burning of fossil fuels.

Coal bed methane emissions increase gradually over the years as coal production levels
increase. Open cast mining has almost 80% share in the total mined coal in India (MOCM,
2002). However, more than half opencast coalmines have reported declining production
efficiency during the last decade (Kulshreshtha and Parikh, 2002). Underground coalmining
share is expected to increase in next 15 years as economically viable opencast coalmining
options get exhausted. Deeper coal seams and surrounding strata contain much larger volumes of
methane than shallow coal seams. Geological pressure, which increases with depth, holds more
methane in place. Additionally coal mined underground tends to have a higher rank or coal
content, which correlates to a higher methane content. Increased mining from deeper seams will
result in increased domestic coal prices, prompting increased usage of imported coal. The present
economic coal reserves in India are estimated at 76 billion tons, capable to supply coal for over
100 years at expected demand levels (CMIE Energy, 2002; Garg and Shukla, 2002).



We have included the latest oil and gas findings in India while projecting futuge CH
emissions. These findings are listed in Table 4 along with their estimated potential. Fig. 4 shows
CH, emissions in the reference scenario for the years 2000, 2010, 2020 and 2030. The share of
area sources, especially agriculture and livestock-related emissions, declines gradually, while
that of large point sources, especially from MSW dumpsites and coal mining, rises over the

years.

3.2 Nitrous oxide emissions

The paper estimates Indian @I emissions from use of synthetic fertilizers, livestock,
biological N, fixation, indirect emission from atmospheric depositing ofsNiHd NG, coal
combustion, oil products combustion, natural gas, crop residue burnt, and industrial activities
namely production of nitric acid. Anthropogenic input into agricultural systems include synthetic
fertilizer, nitrogen from animal wastes, nitrogen from increased biological Nitrogen-fixation, and
nitrogen derived from cultivation of mineral and organic soils through enhanced organic matter
mineralization. Nitrous oxide may be produced and emitted directly in agricultural fields, animal
confinements or pastoral systems or be transported from agricultural systems into ground and
surface waters through surface runoff, nitrogen leaching, consumption by humans and
introduction into sewage systems which transport the nitrogen ultimately into surface water.
Ammonia and NQ are also emitted from agricultural systems and maybe transported off-site
and serve to fertilize other systems which leads to enhanced productig.of N

Agriculture sector activities account for more than 90% of the tof@ @&missions in
India presently, including 66% from the use of synthetic fertilizers, about 10% each from field
burning of agriculture residues and indirect soil emissions, and about 5% from livestock
excretions. Use of synthetic fertilizers is the single largest sourcgdéMissions presently and
is projected to retain this prominence in future (Table 5).

India consumed 11 Tg Nitrogen fertilizer in 2000 (FAI 2000-01). This consumption
depends upon the area cultivated and local harvesting practices. The appropriateness and
adequacy of fertilizer used can be estimated from food grain production per hectare and fertilizer
applied per hectare of gross cropped area. Diverse harvesting practices result in different food

grain output per kg of nitrogen fertilizer applied. However food grain output depends upon a



number of others factors like water regimes, irrigation, soil, seed variety, pest control etc and use
of fertilizers is only one of them..

Another important component of .88 emissions is field burning of agriculture crop
residue. The level and extent of the fraction of crop residue that is burnt rather than left on field
in India is a debatable issue. The IPCC default value is 0.45. However, in many parts of the
country, farmers preserve agriculture crop residues for feeding their cattle throughout the year.
On the other hand, in some advanced and rich states, like Punjab and Haryana, mechanized
farming practices are employed that leave almost one-foot high crop residues after harvesting,
and these are mostly burnt on the field rather than recovered. However, recent droughts in some
states have forced the government to direct these advanced states to provide cattle fodder to the
drought prone states. Field burning of agriculture crop residues may therefore reduce in future.

Fig. 5 shows the PO emissions in the reference scenario for the years 2000 and 2030.
The contribution of the agriculture sector, especially due to the use of synthetic fertilizers, is the

dominant source of emissions, though it varies across the states.

4 Mitigation flexibility

Medium and strong mitigation scenarios envisage 5% and 10% cumulative emission
mitigation respectively over the reference scenario for the period 2000-2030. We now separately

analyze CHand NO emission for these scenarios.

4.1 Methane emissions

Fig. 6 gives the ClHemission projections under various scenarios. New and innovative
technologies play an important role in future mitigation especially for MSW, CBM and livestock
related emissions. The technology share profiles under the mitigation scenarios are indicated in
Table 6.

CH4 recovery from MSW and CBM are two sectors that offer good mitigation
opportunities in future. The technology for £kecovery from dumpsites, especially for energy
purposes, would have increased penetration in the future. Demand centers also exist near the

recovery sites for consuming the recovered, @i domestic supply, electric power plants etc in



cities. Similarly, diffusion of technologies for burning the waste, especially combustible waste,
and using the energy (as a substitute for fossil fuel use) in power generation would also provide
opportunities for reduction of GHemissions in the future. For CBM utilization, even some of

the existing power, steel and cement plants in the vicinity of coalmines are planning to utilize gas
recovered as their prime energy source.

Fig. 7 projects the future LPS and area source €idissions under the mitigation
scenarios (medium and strong) in 2030. CBM and MSW €Ebvery locations are well spread
over the country and thus offer good opportunities for utilization of recoverqd OHder the
mitigation scenarios, this recovery is projected to increase substantially. There are possibilities of
simultaneous capture and storage of, @Cabandoned coalmines. Some state governments have
already started giving out CBM exploitation rights to private/ public enterprises. For example,
Jharkhand state government has given rights to Oil & Natural Gas Commission (ONGC) to
exploit CBM in five mines in southeastern part of Jharia Coal field, the West Bengal state
government has given CBM exploitation rights in one mine in Raniganj coalfields, and
Chhattisgarh state has given out one mine in Soharpur coalfields. The estimated CBM potential
from the three States is expected to be around 400 BCM.

CH, emissions from rice paddy cultivation under alternate scenarios are more or less
stable around 4 Tg per year. India has diverse cultivation practices depending upon water
availability. These range from upland farming in about 12% of total cultivated area at national
level resulting in practically no CHemissions, to continuously flooded irrigated farming in
about 10% area where these emissions are the highest at 0.0251, @gr&Hf/year (Garg et
al., 2001). Altering water management, particularly promoting mid-season aeration by short-term
drainage, can therefore mitigate £Emissions from rice cultivation. This may effectON
emissions but it requires further studies to measure actual emissions. Another technique can be to
alter the soil characteristics to promote aerobic degradation, singeisCptoduced under
anaerobic conditions. Improving organic matter management by promoting aerobic degradation
through composting or incorporating into soil during off-season drained period is another
promising technique (Kalra and Aggarwal, 1996).

Application of fermented manure like biogas slurry reduceg €hissions (Debnath et
al., 1996). In addition, nitrification inhibitors have been shown to inhibif €hission. Another

mitigation option may be the use of different rice cultivars as cultivars grown in similar



conditions show pronounced variations in £éfnission (Mitra, 2000). Van Der Gon et al.
(2001) have concluded from their experimental study that application of sulphate-containing
amendments is a mitigation option for reducing.@thissions from rice fields. They find a
general relationship between emission reduction and amount of sulphate applied, though the
absolute emission reduction is location specific and cannot be derived from the amount of

sulphate applied alone.

4.2 Nitrous oxide emissions

Fig. 8 gives the PD emission projections under various scenariof) Mitigation
requires much more efforts due to agriculture sector dominancgdrehissions. Appropriate
crop management practices, which lead to increase in N use efficiency and yield, hold the key to
N2O mitigation. Application of nitrate (N&N) fertilizers e.g. calcium ammonium nitrate
(CAN), in crops with aerobic conditions and ammonium (NN fertilizers e.g., ammonium
sulphate and urea, in wetland crops also help reducing the nitrous oxide emission (Pathak and
Nedwell, 2001). Another innovative technology is the use of nitrification inhibitor that curtails
the nitrification process, thus reducing soil emissions. There are some mitigation possibilities
using traditional Indian agricultural practices and knowledge that uses plant derived organic
substances to increase fertilizer use efficiency. Initial research shows that they may also act as
nitrification inhibitors (Majumdar et al., 2001). Table 7 provides estimates for shares of some
technologies under alternate emission mitigation scenarios. More intensive research and
demonstration are however required to devise a cost effeciWeshission mitigation strategy
for the Indian agriculture.

Fig. 9 projects the future LPS and area sourg® Mmissions under the mitigation
scenarios (medium and strong) in 2030. Industrial sector offers geographically concentrated
mitigation options. The industrial process will respond faster to mitigation targets simply
because the industry is better organized and there are smaller number of players as compared to
the agriculture sector. A study in Netherlands to review the strategies to regdaaissions
revealed that a significant reduction in the emissions could be achieved by a catalytic reduction
step in nitric acid production (Kroeze 1996). In India, there are about 15 nitric acid

manufacturing plants with a total production capacity of 4324 tons per day. High Pressure
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Process (HPP) plants account for almost one fourth of this capacity, the remaining being from
Medium Pressure Process (MPP). Non-selective catalytic reduction (NSCR) redides N
emissions drastically. The cost of Indian NSCR technology is not very high. Penetration levels
are presently low since- ® emissions are not an issue with the nitric acid manufacturers in India
presently. However if PO emission mitigation policy is to be pursued, this intervention can be

implemented in a quick and cost effective manner.

5 Conclusions

The present study shows that C&hd NO emissions are primarily contributed by many
dispersed sources as againstGahich is contributed by clearly identifiable industrial locations.
Thus, the policies and technological options for,Gdd NO emission mitigation would be
different from those of C@mitigation. Table 8 presents the institutional framework for
mitigation of non-CQ@ emissions for India. The technologies available for mitigation are at
different stages of development and a lot of research and development work is required to make
these technologies commercially viable and usable. International agencies can play an important
facilitator role for appropriate technology development, demonstration and subsequent increased
penetration. Various research and implementation agencies representing different stakeholders in
the country would have to work in close coordination to develop and utilize existing and
innovative technologies for mitigation as these emissions are contributed by varied sectors
ranging from nitric acid production (LPS) to widely dispersed enteric fermentation. However
since agriculture sector is the dominant source of &tdl NO emissions in India, involving the
Indian farmers in the whole process is a big challenge, considering the regional spread of
agriculture activities, variation in agriculture practices, huge number of farmers involved and
small land holdings. Initial thrust may come from wide spread agriculture extension services and

has to be linked with improving crop productivity. Mitigation would be an ancillary benefit.
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Figures

Fig 1. Future emission projections for £ QH,;, N>,O and CQ equivalent GHG emissions under
the reference scenario

Fig. 2. Share of C® CH, and NO in CG; equivalent GHG emissions under the reference
scenario

Fig. 3. Changing contributions for future methane emissions under reference scenarios

Fig. 4. Methane emissions in the reference scenarios (2000, 2010, 2020, 2030)
Fig. 5: NO emissions in the reference scenarios (2000, 2010, 2020, 2030)

Fig. 6. Methane emission projections across scenarios (Tg)

Fig. 7. Methane emissions under mitigation scenarios (medium and strong) in 2030
Fig. 8. NO emissions projections across scenarios (Tg)

Fig. 9. NO emissions under mitigation scenarios (medium and strong) in 2030
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Table 1

Important contributors to India's G@quivalent GHG emissions in 2000

Source categories Main emissions Percentage share Main emission sources
Coal based electricity GO 29.9 50 large plants

Steel industry Co 8.8 5 large plants

Cement industry CO 5.1 50 large plants

Livestock related CiH N,O 12.6 Highly dispersed

Paddy cultivation CHl 6.6 Highly dispersed

Biomass consumption GHN,O 5.2 Highly dispersed

Synthetic fertilizer use pO 4.1 Highly dispersed

Transport sector CO 9.5 Highly dispersed and mobile
Waste disposal CH 3.8 40 large waste dumps
Other sources CHOCH,, N2O 14.4 Varied and dispersed

All India (TQ) 1414 * As above

* 1414 =928 (CQ) + 21x18.63 (CH) + 310x0.308 (MO), all emissions in Tg
Global warming potentials used for conversion to,@Quivalent GHG emissions are

CO; (1), methane (21) and.® (310) as per IPCC (1996a).

Source: Garg et al., 2003 ; Garg and Shukla, 2002



Table 2
Indian emission projections (TQ)

Emissions (Tg) 2000 2010 2020 2030
CO, 928 1486 2093 2567
Methane 18.63 20.08 21.73 24.36
N,O 0.308 0.505 0.689 0.807
CO,equivalent GH® 1414 2065 2763 3329

& Global warming potentials used for conversion to, @quivalent GHG emissions are
CO; (1), methane (21) and® (310) as per IPCC (1996a).



Table 3

Methane emission projections for India under the reference scenario (TQ)

Sources 2000 2010 2020 2030
Agriculture residue 0.10 0.12 0.14 0.16
Biomass consumption 291 3.00 3.07 3.11
Coal production 0.72 1.07 1.86 2.89
Oil & natural gas 0.88 0.85 0.50 0.61
Enteric fermentation in animals 7.59 8.04 8.23 8.25
Manure management 0.95 1.00 1.03 1.03
Paddy cultivation 4.00 3.98 3.93 3.87
Municipal solid waste 1.02 1.46 2.30 3.64
Waste water 0.46 0.56 0.67 0.80
Total CH, (Tg) 18.63 20.08 21.73 24.36




Table 4
New oil and gas reserves and their estimated potential

S.No. New Oil and Gas Reserves Estimated Potential

1 Krishna-Godavari Basin (Andhra Pradesh) 40-50 trillion cubic feet df gas

2 Entire East Coast (excluding 1 above) 6.5 billion tones of oil and gas
equivalenf

3 South India (Kochi, Quilon, 50 million tones of crude oil

Thiruvananthapuram, Andamans)

4 Mumbai High North (Redevelopment) 25 million tones of crude oil

6 Rajasthan (Near Gujarat Border) 250 million barrels of oil

7 Rajasthan (Near Pakistan Border) 600-700 billion cubic feet of natural
gas

8 Vasai (West) 240 million barrels

9 Laipling-Gaon (Assam North-West) 100 million barrels

10 Vasai (East) (Western Offshore) 65 million tones of oil and gas
equivalent

Sources Petroleum Bazaar (2003a, b); http://www.ongcindia.com/ongcnews.asp
&Current finds are of Reliance Industries: 9.46 trillion cubic feet of gas (tcf); Cairn
Energy: 1.2 tcf of gas.

PGas finds in Andhra Pradesh by Reliance and Cairns amounts to around half a billion
ton of oil and gas equivalent.




Table 5
Nitrous oxide emission projections for India under the reference scenario (Gg)

Sources (Gg) 2000 2010 2020 2030
Coal combustion 9.9 16.8 24.0 28.0
Oil product combustion 2.0 3.6 6.4 10.0
Field burning of agriculture residue 33.9 41.5 42.6 334
Biological nitrogen fixation 5.6 6.6 7.8 9.1
Natural gas combustion 0.0 0.0 0.0 0.0
Synthetic fertilizer use 206.1 368.4 524.9 626.8
Livestock 12.2 14.1 16.3 18.8
Industrial processes 12.1 23.0 31.0 38.0
Indirect emissions 26.0 30.7 36.2 42.6
Total N,O (Gg) 307.8 504.6 689.0 806.7




Table 6

Technology share profile for methane mitigation in India (in fraction)

Sector Technology Type 2010 2020 2030
Med Strong Med Strong Med Strong
Municipal  CHq Existing 0.004 0.01 0.02 0.06 0.07 0.13
Solid Waste recovery _
Innovative 0 0.002 0.03 0.05 0.08 0.18
Waste to Existing 0.001 0.003 0.02 0.05 0.06 0.11
electricity  |npovative 0 0.001 0.01 0.03 0.06 0.12
Waste Existing 0.02 0.05 0.11 0.17 0.18 0.26
reduction to
organic Innovative 0 0.02  0.05 0.14 0.08 0.23
fertilizer
Waste
segregation
for material Existing 0.01 0.02 0.06 0.14 0.12 0.25
reuse &
recycle
Degasificati -
Coal Bed on & pipe Existing  0.005 0.02 0.06 0.10 0.15 0.18
Methane injection
recovery
Catalytic Innovative 0 0.01 0.02 0.07 0.08 0.14
oxidation
Enteric Improved Existing  0.005 0.01 0.02 0.04 0.05 0.10
fermentation digesters for |\ atve 0 0.004 003 005 006 0.14

animals




Table 7

Technology shares for® mitigation in India

Sector Technology Type 2010 2020 2030
Med Strong Med Strong Med Strong
fertilizer  crops with aerobie
Ammonium Existing 0.01 0.02 0.07 0.15 0.15 0.26
(NH4-N)
fertilizers in Innovative 0.01 0.02 0.06 0.09 0.12 0.20
wetland crops
Soi_l _ Use of Existing 0.01 0.05 0.09 0.17 0.18 0.25
EMISSIONS hjtrification
inhibitors Innovative ©-01 0.02 0.07 0.09 0.12 0.18
HNO; Existing 0.01 0.03 0.13 0.19 0.23 0.28
production NSCR use
0 0.02 0.08 0.11 0.18 0.27

Innovative

CAN (Calcium ammonium nitrate), (NSCR) Non selective catalytic reduction



Table 8

Institutional framework for non-C£emissions mitigation in India

fermentation

animal digesters’|yyovative

Research

Sector Technology Type Development Institutions to facilitate
stage penetration
. . Municipalities, NEERI,
Methane from Existing Demonstration CSIR
MSwW CHa recovery NEERI, IITs, CSIR,
Innovative Research Private sector
\Wi Existin Experimental MNES, Municipalities,
eI:;tr(iec? g P IREDA, Private sector
y Innovative Research CSIR, lITs, Private sector
Waste rgductlon Existing Operational Municipalities, Private
to organic sector
fertilizer Innovative Research CSIR, IITs, Private sector
Waste
segregation for Existing Research Municipalities, Private
material reuse sector
& recycle
gc;?yl] gﬁg ge?ajif:?zgggn Existing Experimental  Ministries of Coal &
recover Captarl)l tic] Mining, CMRI, ONGC,
y naly Innovative Research SAIL, Private sector
oxidation
CHa from rice  Water Existing  Operational
cultivation management
CHj from enteric | jnroved Existing  Experimental

ICAR, Agriculture

N2O from CAN fertilizers universities and extension
;syn_t_hetic in crops with Existing  Experimental ~ SErvices, Private sector
ertilizer use  aerobic

conditions

Use of
N>O from soils nitrification Existing Demonstration

inhibitors
N-O from
HNO3 NSCR use Existing Operational Government, Private sector
production

CMRI (Central Mining Research Institute), CSIR (Council for Scientific & Industrial

Research), ICAR (Indian Council of Agriculture Research), IIT (Indian Institute of
Technology), IREDA (Indian Renewable Energy Development Agency), MNES
(Ministry of Non-conventional Energy Sources), NEERI (National Environmental
Engineering Research Institute), ONGC (Oil & Natural Gas Commission), SAIL (Steel
Authority of India Limited).



