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Energy sector

Exploration
and
exploitation of
primary
energy
sources
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Conversion of
primary energy
sources into more
useable energy
forms in refineries
and power plants

Transmission
and
distribution of
fuels

Use of fuels
in stationary
and mobile
applications
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Sector structure

1.B.1 - Solid Fuels
Energy LESfudtie T
—— TR
—
1.B.2 - Oil and
Natural Gas
R
1.C — Carbon
dioxide transport 1.B.3 — Other

emissions from °
W Enerﬁi Production I D C c
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Worksheets

) IPCC Inventory Software - user - [Worksheets] - X
oS Application Database Inventory Mfar Worksheets Repdts Jools  Export/lmport  Administrate  Window Help - 8 X
Fuel Combustion Activities
El- 1 - Energy A || Worksheet
1.4~ el Combustion Activities Sector: Energy 1990
- flA.1 - Energy Industries Category: Fuel Combustion Activities
- 1.A1.a - Main Activity Electricitf{a Subcategory:  1.A1b - Petroleum Refining
& 1.4.1.b - Petroleum Refining Sheet - C02, CH4 and M20 from fuel combustion by source categories - Tier 1
- 1.A1 ¢ - Manufacture of Solid Fgel Data
1.A1.c.i - Manufacture of Solid
1.A1.c.ii - Other Energy Indfst
- BA.2 - Manufacturing Industries an
= BA3 - Transport
-1.A.3.3 - Civil Aviation
‘1,43 b - Road Transportation
- 1.A.3.c- Railways
-+ 1.A.3.d - Water-borne Navigatiol
- 1.A.2.2 - Other Transportation Consumptio
i 1.A3e. - Pipeline Transpo n Unit
= 1.A3ei - Off-road
(- 4.4 - Other Sectors Crude Oil 7
(- WA - Non-Specified Orimulsion | 0] | 0] | 0] | [
[=1.B {Fugitive emissions from fuels Natural Gas Liguids
(- BB.1- Solid Fuels tor :
© RB.2- Ol and Natural Gas Auviation Gascline
Jet Gasoline
Y] Jet Kerosene
@-1.C- Carbnn dioxide Transport and Stor Other Kerosene "
<
Time Series data entry... Delete selected rows

——

- BaseyLa

CAREON DICXIDE (CO2) Emissions (Ga CO2 Equivalents’
r for 2s52ssmeant of uncantzinty intrend: 1550 02 i B ' ‘

Save CARBON DIOXIDE {CO2)

Gas

Country/Territory:  Georgia | Inventory Year: 1990 | Base year for assessment of uncertainty in trend: 1990 | CO2 Equivalents: SAR GWPs (100 year time horizon) | Database file: (C:\ProgramData\|PCC200650ftware\ipcc2006_blank_v270.mdb)
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Methodological approaches

Sectoral approach - bottom-up methodology
Tier 1 (default)

Default calorific values, default emission factors

Tier 2 (country-specific)
Country-specific factors

Tier 3 (technology-specific, measurements)

Combustion technology, operating conditions, control technology, quality of
maintenance, age of the equipment, equipment-specific EFs (measurements)

Reference approach - top-down approach, first-order estimate of
CO2 emissions, verification cross-check for Sectoral approach

4 Lnoutcomes I D G D
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Reporting

 Short Summary - all sectors, levelized on the first categories (1.A, 1.B,...)
« Summary - all sectors, breakdown on subsector level (1.A.1, 1.A.3,...)
« Energy Sectoral Tables — only sectoral emissions, lowest level of detail (1.A.3.b.ii.1)

 Energy Background Tables — sectoral activity data, lowest level of detail, sectoral
emissions divided by fuel type, Reference approach results

@) Ipcc Inventory Seftware - user - [Worksheets]

- x
o Application Database Inventory Year ~Worksheets | Reports | Tools  Export/lmport  Administrate  Window — Help -2 X
|R00SIRGC Cateoories sl | Fue Combustion Act Summary
leray A [l Worksheet Short Summary
L P
s iuel Cembustion Activities Sector: t| Energy » Sectoral 1 990
- 1.A.1 - Energy Industries Category:
=+ 1.A.1.3 - Main Activity Electricity an Subcategory: 1 IPPU
“~1.A1.ai - Electricity Generation Sheet: a AFOLU [ ottiszint m0S
[& 1.A.1.a.ii - Combined Heat and Data o
“1.A1.iii - Heat Plants Fuel Type |Biom e * Dncetartiesfor Biomass Conversion Factor Type @ Nev O GCV
-+ 1.A.1.b- Petroleum Refining Table 7a - Uncertainties

=3 1 1.¢ - Manufacture of Solid Fuel
- 1.A1.ci - Manufacture of Solid
Ale Dth Energy Industr
nufa 01 ring Industries and C
- Iron and Steel

1AL

o

N -Ferrous Metals
- Chemica \
dPlpPpe nd Print | 6o Ci o i Ed
- Food Processing, Beverag Total
- Non-Metllic inersls | q | q | o \ q
- Transpaort Equi pment

- Ma h ery
- Mining (excluding fuels) an
21 ‘wood & dm)odprod cts
1 .2k - Constructio
- 1A2] - Textile dL ather

“1.4.2.m- Non-specified Industry ¥
<
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Activity data sources

National sources

* Energy balance

o Statistical reports

o Utility providers’ reports
 Customs services report

« Surveys

International sources

* International Energy Agency
« UN Stat
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Data units

» Consumption data can be presented in physical (Gg, m3)
and/or energy units (TJ)

o Default calorific values are provided in Table 1.2 of Volume

2. Energy, 2006 IPCC Guidelines for National Greenhouse
Gas Inventories

@) IpcC Inventory Software - user - [Worksheets]

- s
o Application  Database  Inventory Year Worksheets Reports  Tools  Export/lmport  Administrate  Window  Help - F X
| RAREIRCOCaIeorES Rl | ! Combustion Activities
ergy A || Worksheet
A - Fuel Combustion Activities Sector: Energy 1990
~1.41- Energy Industries Category: Fuel Combustion Activities
B-1 H1 a - Main Activity Electricity an Subcategory:  1.A.1.ai - Blectricty Generation
""" 1.A.1.3.i - Electricity Generation Sheet: €02, CH4 and N20 from fuel combustion by source categories - Tier 1
1 A.a.i - Combined Heat and Data
“1.41.z.ii - Heat Plants Fuel Type | (Allfuels) v Conversion Factor Type (@) NCv (O GCV
++1.4.1.b - Petroleum Refining
= 1.A1.¢ - Manufacture of Solid Fuel
- 1Ad.ci- Manufacture of Solid
i 1.A1.c.i - Other Energy Industr D
- 1.4.2 - Manufacturing Industries and C
+1.A2.a - Iron and Steel
+1.A2.b - Non-Ferrous Metals
1*@3 g“lem'Ffﬂ's . Crude Oil 100077 TJ 1 100 73300 733 3| 0.0003| 7 06| 0000-| 7]/ =7
+1.4.2.d - Pulp, Paper and Print e -
--1A2 e - Food Processing, Beverag Crude Oil 10 Gg 423 4230 73300 300 7 3| 0012, 7 06| 0002 | 2= [ 9 [ x
~1A2f- Mon-Metallic Minerals 5 i = =4
- 1.A.2.g - Transport Equipment Total
~1AZh-Mschinery [ 23 EEE] [ o025 [ oo
1421 - Mining (excluding fuels) an
-1.4.2 ] - \wlood and wood products
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1.A - Fuel combustion

Sectoral approach
- Tier 1

Default CO2 emission
factors assume that 100%
of the fuel carbon is
oxidized to CO2

Sectoral approach
- Tier 2

Country-specific emission
factors
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EQUATION 2.1
GREENHOUSE GAS EMISSIONS FROM STATIONARY COMBUSTION

Emissions GHG, fuel = Fuel Consumption fuel  Emission F actor HG. fuel

1A1a Main Activity Electricity and Heat Production }®
o 3 1A1b Petroleum Refining
1A1c Manufacture of Solid Fuels and Other Energy Industries ]@

1A2a Iron and Steel

1A2b Non-Ferrous Metals

1A2¢ Chemicals

1A2d Pulp, Paper and Print

1A2e Food Processing, Beverages and Tobacco }

142 Non-Metallic Minerals

1A2g Transport Equipment

1A2h Machinery

@(MSb Mobile |21 1A5 Non-Specified o
1A5¢ Multilateral Operations

1A Fuel Co
Activities

1A4a Commercial/Institutional
1A4b Residential

1A4ci Stationary

1A4c Agriculture/
1A4cii Off-road Vehicles (0| Forestry/ Fishing/Fish
and Other Machinery Farms

{1A4ciii Fishing (mobile

1A21 Mining (excluding fuels) and Quarrying }
1A2) Wood and wood products

1A21 Textile and Leather

1A2m Non-specified Industry:

1A3ai i Aviation
1A3aii Domestic Aviation

1A3bi Cars
1A3bii Light-duty trucks
1 1A3blii Heavy-duty trucks and buses }

1A3biv Motorcycles |
143bv Evaporative emissions from vehicles }

1A3bvi Urea-based catalysts }

Bunkers) }

1A3c Railways

1A3di International water-borne
=Y | navigation (International bunkers)

1A3dii Domestic Water-borne Navigation }

1A3ei Pipeline Transport

IDCC

1A3e Other Transportation |
1A3eii Off-road
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Aviation

Aircraft
number

Emitting Operations
altitude type

@@

Aircraft operations

 Landing/Take-Off (LTO) cycle
~* Cruise (around 90% of emissions)
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Aviation

Tier 1
Total fuel consumed during all the operations
EQUATION 3.6.1
(AVIATION EQUATION 1)
Emissions = Fuel Consumption e Emission Factor
Tier 2

Breakdown by operations
Total Emissions = Emissions(LTO) + Emissions(Cruise)
E 70 = Niro ™ EFiro

Ecruise = (Ftotal - I:LTO) " EI:cruise
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Aviation

) IPCC Inventory Software - user - [Worksheets] - x
O Ap = - — . . p— - - - . R p— ——
B _p\@, IPCC Inventory Software - user - [Worksheets] — x
1Al ol Application Database Inventory Year Worksheets Reports Tools  Export/Import  Administrate  Window  Help - 3 X
1 :]ﬁ@) IPCC Inventory Software - user - [Worksheets] - =
1A 1425 lror 85 Application  Database  Inventory Year Worksheets Reports  Tools  Export/lmport  Administrate  Window  Help - 8 X
Tier | Tier2 ~
STAL - 1AZe-Chi 1.A2.3- Iron and Steel A
~1AY -~ 1A2d-Pull - 1A2b- Non-Ferrous Metals LTO Fuel ion and LTO ions - Crise emissions - Tier 2_fflissions from use of other fuels
~1AY i+ 1A2e-Fod i~ 1A2c- Chemicals Worksheet
1A - 1A2f-MNon| i+ 1.4.2.d - Pulp, Paper and Print Sector: Energy 1990
18] i 1A2g-Tra| i~ A2 Food Processing, Beve Category: Fuel Combustion Activities
1AL - 1AZR-Mal 1.4.21- Non-Metzllic Minerzals Subcategory:  1.A.3.a.i - Domestic Aviation
Aad - 1AZi-Mind 1.A.2.9 - Transport Equipment Sheet: Cruise emissions - Tier 2
__1',.' 1'a2'. W -~ 1A 2 h- Machinery Data
S AT 1A 21 - Mining (excluding fuels) Gas |CARBONDIOXIDE(COZ  ~

""" TAY ~1AZk-Coll \..142]-Wood and wood produc
- 1AZ1-Tex| 1472k - Construction

o 1AZm- Mol - 1.A721- Textile and Leather
1.43- Transpor| ~ 1.A2.m- Mon-specified Industry
B 1.A3.3- Civ]1 A3 - Transport

|2 1.A.3.3 - Civil Aviation

A3zl - International Aviati

A3ali - Domestic Aviation

|- 1.A3 b - Road Transportation B
E1A3Dbi - Cars Jet Ga.. 1000 3210000 0.00004 142203 157797 69300 10.93533 10.14 2107533 | | 4|2

A3bi1-Passengerc

A3bi2-P c Total

ke 1000 3210000 142 2CB| | 157797 10.93m| 10.14 21 0?533|
buii - Light-duty trucks

A3bii1 - Light-duty tr

3.b.ii.Z - Light-duty tr

- 1A3biii - Heawvy-duty truck ¥
3

Tier2
jet fuel
0 2 Tier 2 method is only applicablefor A
L'|:O = Tier 2 method ig jet fuel use in jet aircraftengines.
7 method jet fuel use in je| Operations of aircraftare dividedinto

. ions of ai] LTO and cruise phases. To use Tier
daniestlc l,;TO and cruise gp:ﬁtmﬂ:;?g'ebﬁmﬂg both Time Series data entry...
preferabl mm the n domestic and international aviation,
method a | OPErBtoNs musi beeferably by aircrafttype. In Tier 2

betueen | OmS1c 30 n i = Gaincion '« nede

914 m (3 bly by zil b below and above

=

method a disting 914 m (3000 feet). that is emissions | | . La ] . oo CARSON DIOXIDE {CO2) Emissions (Ga CO2 Equivalents) |
;hases | between emissi geh:rat:?#-ur;ﬂng the LTO and cruise Base year for assessment of uncertsinty in trend: 1980

914 m (3000 feef PHasES OF fught.

X i duri Save Gas CARBON DIOXIDE (CO2) ~
As Tier £ Dfﬂ_”r';? e F T = Trrd s bn s et L
=] I
ountry, ountry/Territory: eorgia nventory Ean ase year for assessment of uncertainty in tren quivalents: 5 year time horizon) | Database file: rogramData oftwarelpc ank_v. m

Count > g C i Te G | e 1990 | B fi f d: 1990 | CO2E | SAR GWPs (100 h Database file:  (C\P Data\IPCC200650ftwarelipcc2006_blank_v270.mdb)

he Tier 7 mathed is ool annlicshle ™ 1 [ —

Country/Territory:  Georgia | Inventory Year: 1990| Base year for assessment of uncertainty in trend: 1990 | CO2 Equivalents:  SAR GWPs (100 year time horizon) | Database file: (C:\ProgramData\|PCC200650ftware\ipcc2006_blank_v270.mdb)

IpCC
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International bunker

Aviation and water-borne navigation
Domestic
* depart and arrive in the same country

* emissions from these activities are reported in the national
{otal

International
* depart in one country and arrive in a different country

* International aviation and water-borne navigation emissions
are reported separately from domestic, and not included in
the national total

ks
E ) (&)
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Biomass

» CO, emissions from biomass burning for energy purposes are not included in the
sectoral or national total, instead they are reported separately as an information item.

 Non-CO, emissions from biomass burning for energy purposes should be reported in
the sectoral and national total

i{?} IPCC Inventory Software - user - [Energy Sectoral Table]

@ 1 ol Application Databaze Inventorny Year Worksheets Reports Tools Export/Import Administrate Window Help B

Memwz and Information ltems

Emissions
(Gag)

= =
e Categories CH4 [N20 [ NOx | cO [NMvOCs | sO2
_ _ _ 0.000| 0.000

=

cO2

0.000( 0.035| 0.O0D5| OODD| O.0D0

1_A- Fuel Combustion Activilies [ c.ooo| o035] oo05| o.000| O.000
1 _n_1&:9 IPCC Inventory Software - user - [Energy Sectoral Table]
1.4 o5 Application Database Inventory Year Worksheets Reports Jools  Export/lmport  Administrate  Window Help (K] 0.000| 0.000
0.000| 0.000
Emissions 0.000) 0.000
(Ga) 0.000| 0.000
0.000| 0.000
0.000| 0.000
0.000| 0.000
0.000| 0.000
0.000| 0.000
0.000| 0.000
0.000| 0.000
_____ 0.000| 0.000
- . 0.000| 0.000
1.A.2 e - Food Processing, Beverages and Tobacco 0.000| 0.000
1.4.2f- Non-Metallic Minerals 0.000| 0.000 0.000| 0.000
1.A2 g - Transport Equipment 0.000| 0.000 0.000| 0.000

]
imbar of dacimsl nlasas 3 = Al Farm naddina
')fb*‘ LT ™ I
\l,? o) fan
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Reference approach

« Reference Approach is a top-down approach using a country’s energy supply data to
calculate the emissions of CO2 from fuel combustion

 Easily available energy supply statistics
«  Comparison with the sectoral approach results

EQUATION 6.1
CO; EMISSIONS FROM FUEL COMBUSTION USING THE REFERENCE APPROACH

CO, Emissions = 3

((Apparent Consumption g,,; ® Conv Factorg,, ® CC 4,,) ®1 03
all fuels

—Excluded Carbon 4,,;) ® COF 5, ®44/12

Primary fuels

Apparent consumption = Production + Import - Export - International bunker - Stock change
Apparent consumption of crude oil already contains the carbon from which gasoline would be refined
Stocks increase > positive stock change

Excluded Carbon - carbon in feedstocks and non-energy use

IPCC
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Reference approach

t?) IPCC |y -—*-— T - eee P4 A PmLE_ A1 — =l N
3 Aooh ) IPCC Inventory Software - user - [1.A - Reference Approach] — e
B PRk - - -
== ool Application Database Inventory Year Worksheets Reports Tools  Export/Impert  Administrate  Window  Help - F X
Reference|
Reference Approach Data  Estimating Excluded Carbon  Comparison
Sector
Category| Sector Enerav 4nnn
Category| Category @) IPCC Inventory Software - user - [1.A - Reference Approach] - X
Sheet Category cc oSl Application  Database  Inuentory Year  Warksheets  Renorts Tonls  Fynort/lmnort Administrate Window — Heln - 8 X
Sheet

@) IPCC Inventory Software - user - [1.A - Reference Approach]

Reference /

utl  Application  Database  Inventory Year  Worksheet Tools  Export/lmpert  Administrate  Window  Help

Reference Approach Data  Estimating Excluded Car

Sector Energy
Liguid F Category Fuel combustion activities
Solid F |= Liguid Fue Category code 1A
Gaseou E Sheet 1 of 1-Comparison of CO2 Emissions from Fuel Combustion
Other F
Peat: 1 Secon Apparen_t
Totsl Crada ol Apparent Bxcluded I.:"_Tjdui:mrﬁr; coz2 Energy coz Energy CO2 Emissions
TooiET Fuel Types Consumption | consumption | =7 :—‘_ " Emissions Consumption i Consumption |~ 0T
lle Ty (TJ) EREG ST (Ga) (TJ) (Ga) (%)
ral 13| * g * ock | - * g
Motor Gas
J < Aviation G | | jquid Fuels: 22 item(s)
Jet Gasoli . .
1) Values i Jet Kerosel | Solid Fuels: 11 itemis) F
Other Kere| | Gaseous Fuels: 1item(s) -
Shale Oil

GasiDiese| | Other Fossil Fuels: 3 item(s)
Residual | | Peat: 1item(s)

Liquefied F ||

a0 J @ Ethane Total ||

. | |[aphtna | 300] 0] 300] 15.305] 300] 21.45] 0] -10

10 1) Values in cd Bitumen -
Lubricants T

T < &

,E 1) Values in
* Basa year

Export to Excel Import from Excel

Country/Ter| ~ Base yearfor

==

Country,/Territ Emissions {Ga CO2 Equivalents)

© Base year for assessment of uncenainty in wend: 1990

Country/Territory:  Georgia | Inventory Year: 1930 | Base year for assessment of uncertainty in trend: 1990 | CO2 Equivalents:  SAR GWPs (100 year time horizen) | Database file:  (C\ProgramData\IPCC200650ftwarehipcc2006_blank_v270.mdb)

IDCC
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1.B - Fugitive emissions

Intentional or unintentional release of greenhouse gases during
the extraction, processing and delivery of fossil fuels to the
point of final use

- 1B1.Solid
Fuels

Mining
Surface Minesj—{ Post-mining
Spontaneous combustion and burning coal dumps

Mining&Handling EUnderground Mines

Venting

Products distribution

~——{ 1B2. Oil & Natural Gas |-

Venting

{Natural Gas

q 1B3. Other emissions from energy production }

2
IPCC
\‘j ,';'" 4 A*\'
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1.B - Fugitive emissions

@) Ipcc Inventory Software - user - [Worksheets]

- X
ol Application Database InventoryYear Worksheets Reports Tools  Export/lmport  Administrate  Window  Help -G x
_@) IPCC Inventory Software - user - [Worksheets] - X
B :c - Solid fuel t ol Application Database InventoryYear Worksheets Reports Tools  Export/mport  Administrate  Window  Help -
+1.B.2 - Oil and Natural
=-1B2z-0i 0Oil and Naturzl Gas
1B2ai-Venti] *1B1c-Solidfuel transformation || Worksheet
1B22ii- Flarid 1.B.2- Oil and Naturzl Gas Seclor: Energy 1990
B 1B2aji- Mg E1B82z-00 Category: Fugttive Emissions from Fuels - Oil and Natural Gas
L1 B2a000 1B.25. - Venting Subcategory:  1.8.2hii 4 - Transmission and Storage
--1.B.2.a.iii.2 +1B2aii - Flzring Sheet: CO2, CH4 and N20 from fugtive emissions from fuels by source categories — Tier 1
--1.B.2. 3 (=-1.B.2z.ii - All Other Data
- EI“ B.2 2.ii.1 - Exploration
“1B2aiii4 B 2 2iii.2 - Production n
"1'5'2'3'W'5 1.B.2z.il.2- Transport
1B2aii6 B.2iii.4 - Refining
=+1.B2b - Natural Ga ~1.B.2.2.il.5 - Distribution of
1.B.2.b.i - Ventir ~1.B2ziil6- Other . . .
1B.2bii-Flaril =-1B2b- Natural Gas Q q q a
=-1.B2biii - Al C 1B.2b.i - Venting
L1 B2 bl i~ 1B2bii - Flaring
AB2bjiz] = 1B2biii- Al Other B .
AB2biia B.2biil.1 - Expleration Gas Transmission & 5. | Transmission 1000 | ]| 106 Sm3 0 000144 | 0.000633% 0273 | 2D x] -
) B.2.b.iii.2 - Production 7 |
B2hiii5 Total Developed Countries 0.000273| Gg per 10°6 m3.. 0 0.000546 | Fugitives
~1.B.2b.iil6 B.2b.jii 5 - Distribution ! Developing/Transition Countries 0.000633| Gg per 10°6 m3. 00003793  0.0022155) Fugitives
- 1.B.3 - Other emissions i \
1.B.2.biii 6 - Other
(C - Carbon dioxide Trans||.- 18,3 - Other emissions from Energy Pr /
+1.C.1- Transport of COIC - Carbon dioxide Transport and Storag
2 1.C.1- Trensoert of CO2 v
< >
See Table 4.2.7 ‘Guidal
activity data values requir See Table 4.2.7 Guidance on obtaining the
approach to estimate fugi activity data values required for use in Tier 1
oil and gas operations'in approach to estimate fugitive emizsions from
1. oil and gas operations’ in Chapter 4, Volume
2 ofthe 2006 IPCC Guidd >+ 2006 IPCC Guideines
Uncertainties Time Series data entry...
sorkshessrematio 0] C
‘ ‘ * BasevLarblassasmerloﬂrceﬂaim intrend 19%REON BICONDE (CO Emiscioe (ba CUZ EAraenes) ‘ :|
Save Gas CARBON DIOXIDE (C02) v o

Country/Territory: Gec Country/Territory:  Georgia | Inventory Year. 1990 ‘ Base year for assessment of uncertainty intrend: 1990 | CO2 Equivalents:  SAR GWPs (100 year time herizen) | Database file: (C\ProgramData\IPCC200650ftware\ipcc2006_blank_v270.mdh)
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1.C - CO2 Transport, Injection and Geological Storage

1.Capture
and 2. Transport 3. Injection 4. Storage
compression

Figure 5.1 Schematic representation of the carbon capture and storage process with
numbering linked to systems discussion above.

i 1 | | 1 | 1 |
Plant
power plant, —DIl_CO Capture II—D{ Liquefaction I—DI Intermediate Storage |
industrial process
v
Compressuan Ship Tr@ E>

v
<Z\ Pipeline Transport | Intermediate Storage | [ 2 >

Capture + Imports = Injection + Leakage + Exports

®
,.‘\LV.\. g I G C
¥ —
\K;L,“‘{J, F
&3
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Practical Exercises

Tier 1. Sectoral approach - Stationary combustion

Tier 1. Sectoral approach — Mobile combustion
Reference Approach

Tier 2. Sectoral approach - Stationary combustion

Tier 2. Sectoral approach — Mobile combustion (Aviation)
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Thank you!

https://www.ipcc-nggip.iges.or.jp/index.html

IDCC
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