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The Government of India, Ministry of Environment
Foresls & Climate Change has formulated a
Mational Action Plan for combating Climate
Change. The same can be accessed at
http:{idste_puduchearry.gov.infenvisnew'envis 1. him.
The MoEF &CC, Government of India had advised all
the State Governments and UTs to prepare similar
State Action Plan for Climale Change relevanl to the
particular State or UT. Accordingly, the Government
of Puducherry camed out an exercise and formulated
a Slate Action Plan for Climale Change in
consultation with various stakeholders viz,, different
Government Departments NGOs, academic
institutions and general public

Wide consultabons were held with the respective line
Depariments. Different lemplates of dala sheets
were prepared and circulated to all the relevant
Deparments. Dala collection, compilation and
repart preparation were done through World Bank
appointed consultants in close coardination with the
Deparment of Science, Technology & Environment,

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

relevanl missions.  Additionally, Coastal and
Digaster Management Mission was added, as it was
felt relevant considering the geographical location of
the UT.

Vulnerability assessment and index wara
prapared for all the four regions. Under each
mission, priorities of aclivities were idenfified in
consultation with the respactive implementing
depariments, The actvibes was further sub divided
into mitigation and adapiation, short term, medium
berm and long term and low, medium and high prionty
aclivities, Budgel estimates have been worked aul
only for the high priority aclivities identified under
aach mission.
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GREEN HOUSE GAS INVENTORY

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, ona in
Karaikal within the state of Tamil Nadu, one in Mahe
in the State of Kerala and one in Yanam in the State
ofAndhra Pradesh,

As a part of the state Climate Change Action Plan, it
Darity and baseline amission dala 15 needed o
identify and evaluale the Interventions that are
implemented. The exercise was laken up to eslimate
the emission fraom various activilies across the UT.
For the purpose of computing GHG emission from
various seclors wiz domeslic, transpor, wasle,
industry, agnculture, etc, approach oullined in IPCC
2006 Guidelines and India Second National
Communication to the United Nations
Framework Convention on Climate Change
published in 2012 by MOEF & CC, Govt. of India
were followed,

Methodology

The IPCC 2006 Guideline suggests a three fer
approach for eslimation of GHG emission, while

Tier - 1 approach needs less complex data and
depends mostly on defaull emission faclors the
hagher tier requires data in greater details and
specific emission factors. The umcertainties in
estimation, however, are reduced when il moves up
the tier ladder.

Global-Warming Potential (GWP) is a relative
measure of how much heal a greenhouse gas lraps
in the atmosphere. It compares the amatnt of heal
trapped by a certain mass of the gas in question fo
the amount of heat lrapped by a similar mass of
carbon dioxide. A GWP is calculated over a specific
tima interval, commaonly 20, 100 or 50 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 lifetime of 12.4
years and with climate-carbon feedbacks a ghobal
warming polential of 86 over 20 years and 34 cver
100 years in response to emissions. The GWP
depends an the foflowing factors |

s+ the absorption of Infrared radlation by & a given
species

+ the spectral locabion of its absarbing wavelengths

+ theatmospheric lifetime ofthe species.

Due lo non-availability of delailed baseline dala and
informafion during estimation process, it was
decidad to follow the quick estimalion process using
Tier 1 methodology and i most cases with default
emission factors. The estimation under Tier 1is
considered o be adequate for the state Climate
Change Action Plan.

The key sectors relevanl lo Puducherry were
selected and the extent of these aclivities in the UT
was delermined. The seclors are -

Values
Carbon dioxide has a GWP of exacthy 1
{since if is the basedine unit to which all other

greenhouse gases are compared).

GWP values and lifetimes Im"[ GWP time horlzon
[years}

fram 2013 IPCC ARS pT14
[with cBmate-carbon fedbacks) 20 yaar|100 year

Mefhans 124 BE 34

HFC-134a (hydrofluoracarbon) | 134 | 3790|1550

CFC-11 {ehioroflvorecarbon) | 450 | 7020|5350

Mitrous coide (W20} 1210 | 268 (298

Carbor tetrafluoride (CF8) | 50000 | 4950 7350

GWP values and etmas. GWP time horizon
from 2T IPCE AR g2t | Lifetime =
[290 1PCC TR in paresreses) | V94%%) ||y | it | st
Mathars 2 7 |: s | e
Plitrans axldn AW | g i || EEAn | B0

HFC-23 pputsrocaton | 270 {266 1mmi1¢mumémﬁm

HFC-13da pysouorcatony | 9138 1m0 |_1;¢:151m1m| L

Sulfur hexafuoride | 200108 153q5.m§nmmmé’€m-ﬂﬂz1

—

Tha vakses givan In Lha labie asuma he Same mass of compound |5 rekeased,
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Domestic Sector:
This estimafion in the domestc sector

Includes electricity, kerosene and LPG consumption
by domestic users whereas the

transport sector emission 4
includes  wide emission from
road transport.

Industrial Sector:
Faor estimation GHG emission from industry

sactor fossil fuel and electricity consumplion by all
category and numbers of industries |ocated in
Puducherry were considered, The GHG estimalion
from fossil fuel 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,
astimation of fossil fuel consumption was not done
on he basis of actual production, bul, on Ihe basis of
the projected production capacity and specific fossil
fuel consumption.

GHEG emission for electricity consumption
by industries was calculated based on lhe
cumulative amounl of electrical energy consumed
by the industries based on the information from the
electrical ulility.
Municipal Solid Waste:

The GHG source categorized for estimation
nwaste sector are as follows -

Domestic waste water disposal

The main greenhouse gases emitied from
waste managemenl seclor was methane which s
released into the altmosphera as a by-product of the
anaerotic decomposition of solid waste, whereby
meathano-genic bacleria break down arganic maller
in the waste. Similardy, wastewatar bacomes another
source of methane amission when treated or
disposed anaerabically.
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Agricultural Sector:
Inventory of GHG emission from agricuftural seclor

was camed oul considering the following source

calegories:

I.Eﬁla-;ic-..farrna.ﬁl,aﬁun
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
nalional GHG invenlory was considered for the
astimation of inveniony for the agriculture sectar,

Estimation of GHG from Individual Sector:
The product of activily data 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) o
express the amission in ferms of CO2 equivalent
{CO2-eq). The basic equation invalved in estimating

I emission s as follows
Emissionj="7ADi* EFj
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 astimated by:
- multiplying the fotal amount of electricity,

kercsane and LPG consumed by the domestic users;

- with respeclive emission faclors

(a5 per 2006 [IPCC Guidelines for Natiomal
Greenhouse Gas Inventories, Chapter | for kerosene
and LPG and COZ Baseline Dalabase, Version 8.0

published by CEA for electricily),

Table 1: Energy consumption and Specific
GHG emisslon factors for different energy
source in Domestic sector

Enegy Type :mnmmlmmmn

LPG ROr400 63.10

Kem=ens 12,8600 71.90

T AP P SR TR (I R e e A A AL T

soulnern Regenal
IE"_H_EE“ 5 Fa:-h‘ 578 {Milkon 'I.i"ﬂj:l Lk itEDEB.M"lh:I
For fransport Ea:h:u' ma GHE mmmﬂﬁham
based on the -total diesal end patrod sofd in the UT
miltiplied by emission factor, (Case )

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

Transport sector
. Consumption. Emission Fachor
ENSY TIPS | Mabic Tonnal yaerlonnes of €O2arT)
Podral 8357100 65.30
High Speed Diesal| 3,54, 00200 7410

Consumption vs Emission Factor

/

= LPG

® Kerosene

* Petrol

® High Speed Diesel




domestic wastewater handling are estimaled for both
urban and rural centres. Emission due to sewage is
estimated considering the above menfionad
population and waste waler generalion polental of
120 litrefcapitafday the annual greenhouse gas
emission is estimated at 92,7791CO,,

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

Enteric Fermentation: Methane is
producad in herbivores as a by-product of enteric
fermentation, a digestive process by which
carbohydrates are broken down by micro-organisms
into simple molecules for absorption into the
bloodstream. The amount of methane thal is
released depends 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 livastock
{e.g.. pigs, horsas). The ruminant gul structure
foslers extensive entenc fermentation of their diel
The specfic 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 ivestock I‘“*ﬁﬁﬁmﬁﬁwl,; 3
Dairy cattle - Indigencus A

Dairy cattle - Gross-beod| 435

Dairy buftalo | soL17

Sheep | 421

Goat dg

Harses and panias 13

Dankeys h

Pigs 1

m Diary cattle -
Indigeneous

B Dairy cattle - Cross-bred

@ Dairy BufTalo

m Sheep
m Goal

® Horses and ponies

® Donkeys

Specific emission factors for different livestock

Since, the latest statistics present for the
[vestock population was based an 2007
census in UT the same was used for
calculation.

Table 5: Livestock population

Category of livestock |  Number of livestock

Digiry catlle - Indigenous | 6134

Dairy catfle - Cross-bred | 79,062

Dairy buffalc 3,305
Sheep 4 G
Goat 65,567
Horses and ponies 52
Donkeys B0

Pigs ek




However, i is noled that because of the low price of
the Diesel'Petrol in the UT, vehicles from adjacent
state gel the fuel filled from the UT. Due to lack of
information with regard to the distanceas Iravelled by
the vehicle across all the four regions of UT, the
national par capita emissicn from the transpartation
sactor multiplied to the population of union territory
was done lo arrive at the emission figure (Case Il).
As per fthe publication by MOEF & CC  ‘india;
Greenhouse Gas Emissions 2007 INCCA: Indian
Network for Climate Change Assessment the total
emission from KRoad transportation seclor is
1,23,554.00 (thousand tons) of COZein 2007,
Consdering the population of 1.15 bilion the per
capita GHG emission from transportalion sector is
astimated fto be 0107 tCO2e/capita’annum,
Consdenng current population of Puducherry the
total emission of GHG from transpod sector is
0.134MMlion tonnes of COZe,

The emission from industry sectors includes
emission due lo energy consumplion only.
Elactricity, coal, diesal, fumace oil, eic. are being
used in the industries and the GHG emission s
based on the total quanium of each lype of fuel
multiplied by respeciive GHG emission faciors as
available in 2006 IPCC Guidelines for National
Greenhouse Gas Inventories, Chapter | 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

cre o e o
Coal 480 80000 o581 |
Diesdl | 31688 | a0
' FumaceOi | 282188 | 140 B
} Slckicly | 1,523 {milion units)| 094 '

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

BE . eoli=[FGWR,, u-m—% F-DOC, MEF- T YW, DOC % fug? |

Whera:
BE. i Methane emissions avoided during
the yeary from prevanting
waste disposal at the solid wasle disposal
site {SWDS) during the
Period from the star of the project activity to the
end ofthe yeary (tCO,,)
Emission from Municipal Solid and Sewage wasle
whether indusirial or domestic contribules
considerably to the GHG emission in a geographic
region. Basically, the wasle comprising organic
components resull in emission of methane which has
a ghobal warming potential of 21 times that of carbon-
dioxide. For the purpose of estimation of net GHG
emission the waste genarated from the domestic
sactoris only considered,
Emission due to Municipal Solid Waste Disposal:
Based on the lotal population of the Union
Terrifory as 1247953 nos. and solid waste
generafion at the rate of 0.00045 tonne/capita’day;
average greenhouse gas emission 5 estimated at
88,725 Tonnes of GO, per anmum.

Emission due to Sewage:

Methane is emitted from waste water due o
anaerobic freafment or disposal of it. Waslewaler
onginating from a varely of domestic, commercial
and indusinal sources has significant contribution in
GHG emissions of the UT, The GHG emission from
sawage for the UT is considerad for generation of
both domestic and industrial waslewater. Further,
emissions from




Based on the total population of livestock in
each calegory and lhe specific emission factor
pertaining lo enteric fermentation, the total methane
emission is calculated at 4,036 (CH4year (84,768
WCCO2edyear), Manure management Methane Is
emitted from anaerobic decomposition of animal
wasta, The emission of methane 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 frealed as a
liquid (e.q. in lagoons, ponds, lanks, or pits), il
decomposes anaerobically produce  significant
quantty of methane. The lemperature and lhe
retenfion fime 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 when if
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 spacific sectoral emission,

Table 6: Specific emission factors for
different livestock

Category of livestock |i|u CHAlhead(year) - Manure

Diairy catfls - Indigenous. | 3.504+0.20

Diairy catfie - Cressbred | 5.6040.80

Diairy bufiaio 4 ATH0.80
Shesp 0.5
Goat 0.20
Horses and ponies 1.60
Dionkiys 0,80

Pigs 4 ()

Based on the fofal population of livestock in each
category and the specific emission facior partaining
lo manure management the lotal methane emission
was calculated al 354 tCH4lyear (or 7452

tCO2elyaar).
Rice Cultivation:

Mathane is emitted from cultrvation of rice
mainly due 1o anaerobic decomposition of the
arganic matier, as rice cultivation in India is majory

dona through waterlogging conditian,
The emission of methane pertaining to rice

culivation, however, depends upon the lype of
imgation and also the lype of applhcation of water.
The specific emission faclor was caloulated by
NATCOM as a part of preparing the GHG invenlony
lowards national submission was used for
calculation of UT specific sactoral emission:

Table T: Specific Methane emisslon
from different water application

Typeof | Typeotwater  |SPOSRCMERIS
imigation application (kgCH,ha)

Irgated Continuously flooded | 162.00

Singhe aeration 66,00
| Muftiple sarafion 18.04
Rain-fad Dircught prone 6.0
Flood prane 180,00
Deep waler | Deep waler 18000




B Continuously flooded
B Single aeration

B Multiple acration

® Drought prone

& Flood prone

= Deep water

Specific methane emission from different waler
application

Based on the folal 20,926 ha of land area under
Paddy cultvation with 80 percent of land under
Irigation and considening single aeration and 20
percent of the area under non irmgated flood prone
area the fotal methane emission was calculated at
1.9001CH fyear (39, 9011C0, Jyear). The inventory of

GHG amission from agricubiure sector is presented
as follows:

The inventory of GHG emission from agrcutbure
secioris presented as follows:

Table &: GHG emission from
Agriculture sector

i
Enteric Fermentation | 4,036.00 o, 7B 0D
Manure Management|  354.00 745200
Rice Cultivation 1.500.00 30,801.00
Total 623000 | 432 421.00
Total Equivalent GHG emission | g 437 milion 100,

008-10

1 E 1

[ [ ] ]

Series 1 = Total emission {t CH,lyear)
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 methodology as per
IPCC 2006 Guidelines and available data. The
emissions from industry sector calculated on the
basis af installed capacly of the indusiry seclor, as
credible data on plant avadability, plant utilisation,
and production efficiency wera not available. These
assumplions might have resulted in slight over-

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

basis of loal kerosene, LPG and eleclricity
consumed whereas, in case of the transport sector; it
was calculated on the basis of actual fued sold
through retail selling of petroleum producls. The
emission estimaticn from municipal solid wasie and
sewage was done on basis of total populabion and
nol on actual generabion due to unavailabdity of datla
duning estimation time,

The summanzed emission details are presentad in
Table below.




Table 9: Details of CO,, emission

e o

Domestic 06630
LPG Consumplicn 0.0587
Kerczana Consumgtion 0356
Elaciricily Consumplion 15060
Transport (Case ) 14120
Pelrol Consumplian 02647
High Speed Diessl Consumptian 11476
Transport [Case Il 01337
Considering on e basis of

pogudaticn

Industry 23540
Coal {15866
Diesel 00001
Fumace Oi Q0817
Electricity 1358
Waste 0.1810
Municipal soiid waste disposal 0.0887
Domesiic Waste Water disposal 00527
Agriculture 0.3
Enieric Fermaniaticn 0.0548
Manure Management 0.0075
Rir Cultivaticn 00398
Total Considering(Cansidering Case 1) | 47433
Total Considering[Considering Case ) | 34641

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

actual fuel oll being sold net of the consumpbon from
industry and Case II: GHG emission from

transportation sector is estimaled based on per
capita GHG emission from fransportation seclor in
2007 across [ndia. However, for case || estimation
emission from road transportation is considerad)

Sactor Wise GHG Emission
Muricpal Solid
Washa &
Agncufture
. s

Sector Wise GHG Emission
Municpal Solid Agniotura
\iiasha & 4%

Semage

- S

Transport (Gasa lj
A

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

‘Sectoral Emiss T Uit Ranrk
Industrial 23540 | Million tonnes of CO,, | Annualzed addng the GO, amission
Domeske 06630 | Millien tennes of CO,, | Anrialized CO,, #mission for 200910
Transpart (Case |) 14120 | Million tonnes of GO, | Anmualized addng the GO, emission

Municipal Solid Wasie & Sewage

01810

Million fonnes of COy,

Annualzed sodng the CO, & CHA emizsion

Agticalbura 01321 | Milken lonnes of CO., | Annualized CH, emission
Net Emission 4.7435 | Million tonnes of CO,,

Table 11: Summary of the GHG emission
sl Ambust vt Ranmk
Induatrizl 23540 | Millien tonnes of CO, | Annualzed aoding the COZe emigaion
Damashc 06620 | Million fonnes of GOy, | Annualized CO%e amision far 200210
Transpart {Caza [} 01340 | Milbon fonnes of COL | Anmialized adding he COPe emigsian
Municipal Solid Waste & Sewage | 01810 | Millien lonnes of CO,, | Anmualized atding the COZe & CHY emission
Ayriclbura 0.1320 | Million fonnes of CO., | Annualized CHA smission
Net Emission 3.4541 |Million tonnes of CO,,

The results have been obfained 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 total emission of 3.46 million lonnes
of CO2e and population of 1.247 millon the per-
capita emission in Puducherry is estimated al 2.7
tC02e in compared to national per capita emission of
1. TC02e (2007).

The nalional per capila emission has
increased at a CAGR of 3.35% from 1934 to 2007.

The Government of Puducherry, has
formulated the Stale Actica Plan on Climale Change
keaping the GHG inventorisation into consideration.
Mission wise priority activiies have been identified,
The proposed activiies have been categorized info
Mitigation, Adaptation and as shor, 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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