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The Government of India, Minstry of Environment
Faresls & Clmate Change has formulaled a
National Action Plan for combating Climate
Change. The same can be accessed at
hittp:idste_puduchearry.gov.in/envisnew'envis 1. him.
The MoEF &CC, Government of India had advised all
the Siate Govemnments and UTs to prepare similar
State Action Plan for Climale Change relevanl lo the
particular State or UT. Accordingly, the Government
of Puducherry camed out an exercise and formulated
a Slale Action Plan for Climale Change in
consultation with various stakeholders viz,, different
Government Deparimenis NGOs, academic
institutions and general public

Wide consultabions were held with the respective line
Depariments. Different templates of data sheets
were prepared and circulated to all the relevant
Deparments. Dala collection, compilation and
report preparation were done through World Bank
appointed consultants in close coordination with the
Deparment of Science, Technology & Environment,

and Government af Puducherry.
The report includes six of out of eight

redevanl missions.  Additionally, Coastal and
Digasler Management Mission was added, as it was
felt relevant considenng the geographical lecation of
the UT.

Vulnerability assessment and index wara
prapared for all the four regions. Under each
mission, priorites of activities were idenfified in
consultation with the respactive implementing
depariments, The activities was further sub divided
into mitigation and adapiation, short term, medium
berm and lang term and low, medium and high priorty
aclivities, Budgel estimates have been worked oul
only for the high priority aclivities identified under
gach mission.
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GREEN HOUSE GAS INVENTORY
s the absorption of Infrared radiation by & a given

Introduction

The UT of Puducherry is having 480 Sq, Km. With 24
Km of coast in Puducherry, 18 km. of coast al
Karaikal. The landmass is distrbuted in the
arstwhile French colonies one in Puducherry, one in
Karaikal within the stala of Tamil Madu, one in Mahe
in the State of Kerala and cne in Yanam in the State
ofAndhra Pradesh,

As a par of the state Climate Change Action Plan, it
Darity and baseline emission data 15 needed to
identify and evaluale the Interventions that are
implemented. The exercise was taken up to esiimate
lhe emission from varous activilies across the UT,
For the purpese of computing GHG emission from
various seclors viz domeslic, fransport, wasle,
industry, agnculture, etc. approach oullined in IPCC
2006 Guidelines and India Second National
Communication to the United MNations
Framework Convention on Climate Change
published in 2012 by MOEF & CC, Govt. of India
were followed,

Methodology

The IPCC 2006 Guideline suggests a three tier
approach for estimation of GHG emission, while

Tier - 1 approach needs less complex data and
depends mostly on defaull emission faclors the
higher ter requires dala in grealer details and
specific emission factors. The umcertainties in
esiimation, however, are reduced when il moves up
thelierladder.

Globalk-Warming Potential (GWP) is a melative
measure of how much heal a greenhouse gas lraps
In the atmosphere. Il compares the amatnt of heal
trapped by a certain mass of the gas in question to
the amounl of heal rapped by a similar mass of
carbon dioxide. & GWP is calculated over a specific
tirme interval, commanly 20, 100 or 500 years, GWP
is expressed as a factor of carbon dixide

(whose GWP is standardized to 1). In the Fifth
Assessment Report of the Intergovemmental Panel
on Climate Change, Methane has a lifiatime of 12.4
years and with climate-carbon feedbacks a ghobal
warming potential of 86 over 20 years and 34 over
100 years in response lo emissions. The GWP
depends on the following factors |

species

+ the spectral location of its absarbing wavelengths
+ the atmospheric lifetime of the species.

Due lo non-availability of delailed baseline dala and
informafion during estimation process, it was
decided to follow the quick estimalion process using
Tier 1 methodology and in most cases with default
emission factors. The estimation under Tier 1is
considered 0 be adequale for the state Climate

Change Action Plan.

The key seclors relevant lo Puducherry were
selected and the extent of these activities in the UT
was determined. The seciors are—

Values

Carbon dioxide has a GWP of exacthy 1

(since it is the baseline unit to which all other

greenhouse gases are compared).
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Domestic Sector:

This estimation in the domestic sector
Inchudes electricity, kerosene and LPG consumption
by domestic users whereas the
transport sector emission !
includes  wide emission from

roxad lransport.

Industrial Sector:
For estimation GHG emissian from industry

sector fossil fuel and eleclricity consumplion by all
category and numbers of industries |ocated in
Puducherry were considered, The GHG eslimalion
from fossil fusl consumplion by the industries was
done on the projectad fuel consumplion information
provided by the industries to the PPCC relaling to
their production capacity. For industry sector,
estimation of fossil fuel consumption was not done
an he basis of actual production, bul, on the basis of
the projected production capacity and specific fossil
fuel consumgption.

GHEG emission for electricity consumption
by induslries was calculaled based on the
cumulative amount of electrical energy consumed
by the industries based on the information from the
etectrical ulility.

Municipal Solid Waste :

The GHG socurce calegorized for estimation

inwasle seclor are as follows -

Domestic waste water disposal

The main greenhouse gases emitted from
waste management seclor was methane which s
released into the atmosphera as a by-product of the
anasrobic decomposition of solid waste, whereby
meathano-genic bacleria break down organic malter
in the waste. Similardy, wastewater bacomes another
source of methane emission when freated or
disposed anaerabically.




Agricultural Sector:
Inventory of GHG emission from agricultural seclor

was camed oul considering the following source
calegories.

Enteric fermentation

Though soil carbon and field buming of

agricullural residues were sources of agricultural

emission, they are however, eliminated from

calculations. Specific emission factor used for

nalicnal GHG invenlory was considered for the
astimation of inventony for the agriculture sactar,

Estimation of GHG from Individual Sector:
The product of activity datla and

corresponding emission factor were used lo
determine the emission of GHG. The emissions of
the GHGs were then multiplied with lhe
comespanding Global Warming Polential {GWP) e
express the emission in terms of CO2 equivalent
{CO2-eq). The basic equation invalved in astimating
the emission ks as follows;
Emission j=7ADi* EFjj
Where, AD is aclivity data of ith activity and EF is
emission factors of ith activity for jth GHG emission.
The GHG emission from domestic sector

was estimated by:
- multiplying the total amount of elecinicity,

kercsane and LPG consumed by the domestic users;

- with respeclive emission faclors

(as per 2006 IPCC Guidelines for National
Greanhouse Gas [nventonies, Chapter | for kerosens
and LPG and COZ2 Baseline Database, Version 8.0

published by CEA for electricity),

Table 1: Energy consumption and Spacific
GHG emisslon factors for different anergy
source in Domestic sactor

Eneegy Tups :Mumm {lonnes of COZaT)

LPG RBO740 63.10

Kernsene 1227600 71.80

w o ﬂm‘;gu 578 (Milion units) | 0.81 (ICO2aMWh)

For transpart sachor, the GHG amession was esfmatod
based on the -fotal diesel and petrol soid im the UT
midilliplhed by emission factar, (Case )

Table 2: Energy consumption and Specific GHG
emission factors for different energy source used in
Transport sector

_ ‘Consumption | Emission Facior
ESY TP | i Torl yourlones o CO2erT

Peyal 83,971.00 6930
High Speed Diesall 3,54,002.00 7410
Consumption vs Emission Factor

/

s LPG
® Kerosene
* Petrol

® High Speed Diesel




domestic wastewater handling are estimated for both
urban and rural centres. Emission due to sewage is
estimated considering the above menfionad
population and waste water generalion potential of
120 litrefcapita/day the annual greenhouse gas
amission isestimated at 92, 7791C0,,

The method of emission due to enteric
fermentation, manure management and rice
cultivation is detailed below-

Enteric Fermentation: Methane is
produced in herbivores as a by-product of enleric
fermentation, a digestive process by which
carbohydrates are broken down by micro-organisms
into simple molecules for absorplion into the
bloodstream. The amount of methane thal is
released dapends on the type of digestive tract, age,
waight of the animal and the quality and quantity of
the feed consumed. Ruminant livestock (e.g., cattle,
sheep) are major sources of methane with moderate
amounts produced from non-ruminant livestock
{e0., plgs, horses). The ruminant gul struchure
fosters exlensive entenc fermentation of their disl
The specific emission factor was calculated by
NATCOM as a part of preparing the GHG invenlory
towards national submission was used for
calculation of UT specific sectoral emission:

Table 4; Specific emission factors for
different livestock

Category of livestock I"v’““‘*;m E‘ﬁ'ﬁ Hithea dyear) -
Dalry catte - Indigenous e

Dairy cafthe - Gross-bred| 4315

Dairy bufalo S0£17

Sheep ki1

P 41

Harses and panias 1

Danikeys =

Figs 1

m Diary cattle -
Indigeneous

B Dairy cattle - Cross-bred

@ Dairy Buffalo

m Sheep

m Goat

¥ Horses and ponies

® Donkeys

Specific emission factors for different livestock

Since, the latest statistics present for the
Ivestock population was based an 2007
census in UT the same was used for
caleulation.

Table 5: Livestock population

Category of livestock | Number of livestock
Digiry catlle - Indigenous | 6134

Dairy cattls - Cross-bred | 79,062

Dairy buffalo 3,325

Sheep 4 figd

Goat 69,567

Horses and ponies 7]

Donkeys Bl

Pigs 724




However, il is noted that because of the low price of
the Diesel/Petrol in the UT, vehicles from adjacent
sfate gel the fuel filled from the UT. Due to lack of
information with regard o the distances lravelled by
the vehicle across all the four regions of UT, the
national per capita emission from the transportation
sactor multiplied to the population of union territory
was done lo arrive at the emission figure (Case Il).
As per the publication by MOEF & CC  ‘“India;
Greenhouss Gas Emissions 2007 INCCA: ndian
Network for Climate Change Assassmenl the total
emission from Road transportation seclor is
1,23,554.00 (thousand tons) of CO2ein 2007,
Considering the population of 1.15 bilion the per
capita GHG emission from transporiafion sector 18
estimated to be 0107 tCO2e/capitafannum,
Considenng current population of Puducherry the
total emission of GHG from transport sector is
0.134Milion tonnes of CO2e,

The emission from industry sectors includes
emission due lo energy consumplion only.
Electricity, coal, diesel, fumace oil, elc. are being
used in the industries and the GHG emission is
based on the lotal quanium of each type of fuel
multiplied by respeclive GHG emission faciors as
available in 2006 IPCC Guidefines for National
Greenhouse Gas Inventories, Chapler | and CO2
Baseline Database, Version 8.0 published by CEA.

Table 3: Energy consumption and Specific
GHG emission factors for different energy
source used in Industry sector

EneY T | (e Towel e fomas of CoRu)
Coal 4,80,600.00 05,81
Diesel 31 688 T4.10
Fumace Oil | 2612763 TTad

Elactricity 1,523 {milkon units) | 084

For waste seclar {(Municipal Solid waste and
Sewage), the equation as per UNFCCC “Tool fo
determine methane emissions avoided from
disposal of waste at a solld waste disposal sie”
Version §is as below.

BE. . ~wli=fFOWR, i-DII-E F-DOC, MEF-TT W, D0C 4 fue? |

Whera:
BE i Methane emissions avoided duning
the yeary from preventing
wasle disposal at the solid waste disposal
gite (SWDS) during the
Period from the start of the project activity to the
end ofthe yeary (tCO, )
Emission from Municipal Solid and Sewage wasle
whether industrial or domestic contribules
considerably to the GHG emission in a geographic
region. Basically, the wasle comprising organic
components result in emission of methane which has
a global warming potential of 21 times that of carbon-
dioxide. For the purpose of estimation of net GHG
emission the waste generated from the domestic
sactor is only considered,
Emission due to Municipal Solid Waste Disposal:
Based on the lotal population of the Union
Temilory as 12,47,953 nos. and solid waste
generation at the rate of 0.00045 tonnefcapitafday;
average greenhouse gas emission is estimated al
88,725 Tonnes of CO, per annum.
Emission dueto Sewage:

Methane is emitted from waste water due io
anaerobic freatment or disposal of it Waslawaler
anginating from a varetly of domeslc, commercial
and induslrial sources has significant contribution in
GHG emissions of the UT. The GHG emission from
sewage for the UT s considered for generation of
both domestic and industrial waslewater. Further,
emissions from




Based on the total population of livestock in
each category and the specific emission factor
pertaining ko enteric fermentation, the total methane
amission is calculaled at 4,036 (CH4/year (84,768
WCO2edyear), Manure management Methane Is
emitted from anaerobic decomposition of animal
waste, The amission of mathana however depends
on the rate of wasle production per animal, the
number of animals, and on how the manure is
managed. When manure is stored or treated as a
liquid {2.g. in lagoons, ponds, tanks, or pits), it
decomposes anaerobically produce significant
quantty of methane. The lemperature and Ihe
ratenfion time of the storage unit greatly affect the
amount of melhane produced. When manure Is
handled as a solid {e.g., in stacks or piles} or whan it
s deposited on pastures and rangelands, it tands o
decompose under more aerobic condilions, hence

less methane is produced.
The specific emission faclor was calculaled by

NATCOM as a parl of prepaning the GHG inventory
towards national submission was used for
calculation of UT specific sectoral emission.

Table 6; Specific emission factors for
different livestock

Category of livestock | (kg CHd/head/year) - Manure
Management

Diairy catile - Indigenous 350020

Diairy catfle - Cress-bred | 3.6040.80

Diairy buffalo # 404060
Sheap 0.50
Goal 0.20
Horses and ponies 160
Dionkiys 0,80

Pigs 4 0

Based on the iofal population of livestock in each
category and the specific emission facior pertaining
{o manure management the lotal methane emission
was calculated al 354 tCHdlyear (or 7,452

tCO2elyear).

Rice Cultivation:
Meathane is emitted from cultivation of rice

mainly due lo anaercbic decomposiion of the
arganic matter, as rice cultivation in India is majory
done through water logging condition,

The emission of melhane perlaining 1o rice
culfivation, however, depends wpon the type of
imgation and also the type of applhcation of water.
The specific emission faclor was calculated by
NATCOM as a part of preparing the GHG invenlory
fowards national submission was used for
calculation of UT specific sectoral emission:

Table T: Specific Methane emission
from different water application

Tpeof | Typechwater | PECTEECMN
Irrigation application (kgCH,ha)
irigatad Confinuousty flooded | 162.00
Single aeration 66,00
Mubtiple saration 18.00
Rain-fad Drought prone 66.00
Flood prane 180.00
Deep waler | Deep waler 180,00




B Continuously flooded
B Single aeration

B Multiple acration

® Drought prone

# Flood prone

u Deep water

Specific methane emission from different waler

application
Based on the tolal 20,926 ha of land area under

Paddy cultivation with B0 percent of land under
Irigation amd considering single aeralion and 20
percent of the area under non irmgated flood prone
area the total methane emission was calculated at
1,.9001CH fyear (39, 9011CO, year). The inventory of
GHG amission from agricubiure sector is presentad
a5 follows:

The inventory of GHG emission from agricutbure
sectoris presented as follows:

Table &: GHG emission from

Agriculture sector
Enteric Fermentalicn
Manure Menagement 745200
Rice Cultivation 30,801.00
Total 1,32,121.00
Total Equivalent GHG emission | g 433 million tCO,,

2008-10

i . 1

19 a1 = Foaw.

Series 1 = Total emission {t CH,year)
Series 2= Total emission {t CO2, lyear)

Total GHG Estimation:
The estimation of major industrial, domestic,

agriculture, transport and waste management
sectars are made using Tier 1 melhodology as per
IPCC 2006 Guidelines and available data. The
emissions from industry sector calculated on the
basis af installed capacty of the induslry seclor, as
credible data on plant avadability, plant ufilisation,
and production efficiency were not available. These
assumplions might have resulled in slight ower-

estimation than the aciual.
In domestic sector, emission were calculated on the

basis of lotal kerosene, LPG and eleclnicity
consumed whereas, in case of the transport sector; it
was calculaled on the basis of actual fued sold
through retail selling of petroleum producls. The
amission estimation from municipal solid wasie and
sewage was done on basis of total population and
nol on actual generation due to unavallabdity of dala
during estimation tme,

The summanzed emission details are presentad in
Table below.




Table 9: Details of CO,, emission

Sector M ico e
Domestic .6630
LPG Consumplin 0.0987
Kaerczana Consumglion 0356
Eleciricily Consumgtion 05260
Transport {Case I) 1.4120
Petral Consumptian 02647
High Speed Diesal Consumplian 1.1476
Transport (Case Il 01337
Considering on the basis of
pogudation
Industry 23540
Coal {1 8BG6
Dicisel 0.0001
Fumace O 0.0817
Electricity 13658
Waste 0.1810
Municipal soiid waste disposal 0.0887
Domesiic Waste Water disposal b.0527
Agriculture 0.1321
Enieric Fermaniation 0.0548
Manure Management 0.0975
Rice Cultivation 0.0348
Total Considering(Consicering Case 1) | 47435
Total Considuring[Considering Casa ) | 34641

The sector wise GHG emission |5
represented below with bwo cases of emission from
transportation seclor (Case |: GHG emission
eslimated for the transportabion sector based on

actual fuel oll being sold net of the consumpbion from
industry and Case [I: GHG smission from

transportation sector is estimaled based on per
capita GHG emission from transportation secior in
2007 across India. However, for casa || eslimation
emission from road transportation is considerad)

Sector Wise GHG Emission
- Agncultume
s 'ﬂ*

Sector Wise GHG Emission
Munieipet Solid Agricuture
\iasha & 4%

Sewage

B

Transport (Casa )
4

Figure 1: Sector Wise GHG emission across UT
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2.1.5ummary of GHG Emission
The following is the summary of the GHG emission across the UT,

Table 10: Summary of the GHG emission

Industrial 2,3540 | Milken fonnes of GOy, | Anmualzed adding the GO, amisson
Damesth: D.BEI0 | Milion lonnes of CO,, | Annualized 0O, emission for 2009-10
Tranapart (Casa ) 14120 | Million tonnes of GO, | Annualized adding the GO, emission
Muricipal Solid Wasie & Sewage | 0,1810 | Million tonnes of CO,, | Annualzed adding the GO, & CHA emission
Apticalbura 01321 | Milkon lonnes of CO., | Annualzed CH, emission
Net Emission 4,7435 | Million tonnes of CO,,
Table 11: Summary of the GHG emission

Sectoral Emission Amount| Uit Remark
Industrial 23540 | Milion tonnes of CO,, | Annualzed adding the CO2s emission
Damashc 08630 | Milion ionnes of CCy, | Annualized OO0 emission far 200810
Transport (Case II} 0.1340 | Million fonnes of CO,, | Anmialized adding Ihe CODe emissian
Municipal Solid Waste & Sewage | 0.1810 | Millien lonnes of CO,, | Ansualized adding the COZe & CHY amission
Agricalbira 04320 | Million tonnes of COy, | Apnualoed CHY smission
Net Emission 3.4641 | Million tonnes of CO,,

The results have been oblfained using the
Tier | approach of IPCC and approved methodology
of UNFCCC which can serve as a crude eslimate of
GHG profile of the UT.

Comparison of per-capita GHG emission
Considering the fotal emission of 3.46 million fonnes

of CO2e and population of 1.247 million the per-
capita emission in Puducherry is estimated al 2.7
tCO2e in compared to national per capita emission of
1.7C02e(2007).

The nalional per capila emission has
increased at a CAGR of 3.35% from 1994 to 2007.

The Government of Puducherry, has
formulated the Stale Actica Plan on Climale Change
keeping the GHG inveniorisation into consideration,
Mission wise priority activiies have been identified.
The proposed activiies have been categorized inlo
Mitigation, Adaptation and as shord, medium and long
term activities. With full implementation of the Action
plan it & envisaged that the GHG emissions will be
reduced considerably.
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