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Energy sector
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forms in refineries
and power plants

Transmission Use of fuels
and in stationary
distribution of and mobile
fuels applications

IPCC

INTERGOVERNMENTAL PANEL oN ClimaTe changee



Sector structure

Energy

1.B.1 - Solid Fuels

1.B - Fugitive —
emissions
L
1.B.2 - Oil and
Natural Gas
L
1.C — Carbon
dioxide transport 1.B.3 — Other

emissions from
M Enerax Production
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Worksheets

@ Ipcc Inventery Software - user - [Worksheets]

o Application

Database  Inventory MGar  Worksheets  Repodts  Tools  Export/lmport  Administrate  Window  Help - 8 X
Fuel Combustion Activities
[=-1 - Energy || Workshest
&-1.A- el Combustion Activities Sector: Energy 1990
=] 1- Energy Industries Category: Fuel Combugtion Activities
-1.A1.a - Main Activity Electricitfia Subcategory:  1.A.1b - Petroleum Refining
& 1.A.1.b - Petroleum Refining Sheset: C02, CH4 and N20 from fuel combustion by source categories — Tier 1
-1.A1.e - Manufacture of Solid Fl Data

1.A1.c.i - Manufacture of
1.A1.c.ii - Other Energy Ind
- B4 2 - Manufacturing Industries an
= BA3 - Transport

~1.A.3.3- Civil Aviation

~1.4.3.b - Road Transportation
- 1.A.3.c- Railways

~1.4.2.d - Water-borne MNavigatios
~1.4 3 - Other Transportation
‘- 1.A3e.i - Pipeline Transpor
“1.A3.e.i - Off-road
A 4 - Other Sectors

Consumptio
n Unit

B Crude Oil ~
B A5 - Non-Specified Orimulsion | 0] | 0] | 0] | 1]
[=1.B {~ugitive emissions from fuels Natursl Gas Liguids
- BB.1 - Solid Fuels or :
& R8.2- Oil and Natural Gas Auigtion Gasoline
1 . 4 Jet Gasoline
[#-1.C - Carbon dicxide Transport and Stor JO?E?FK{:;:ZM v
< F
Time Series data entry... Delete selected rows...
otsheeliematks o0
‘ ‘ | * BaseyLar for assessment of uncartzinty in lErd?{‘S@DBDN THOXIDE {COE) Emissions i1 GO2 Emivrlent=) ‘
Save Gas CARBON DIOXIDE (CO2) w
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\|PCC200650ftwarehipcc2006_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

moutcomes ! @ CC

) e’}/’
XY
e 2R\

|

rf 4 =
el \“‘“’” INTERGOVERNMENTAL PANEL ON G | imate C h an E’,E

Q

< P

MO |



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.A3,...)
« 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

Q’f) IPCC Inventory Software - user - [Worksheets]

- X
@ Application Database Inventory Year ~Worksheets | Reports | Tools  Export/lmport  Administrate  Window  Help -8 X
| 200GIRCE Cotenories il | Fuel CombustionAcf  Summary
ey A || Worksheet Short Summary
% - Fuel Combustion Activities Sector: t| Energy N 1 990
- 1.4.1 - Energy Industries Category:
E} a - Main Activity Electricity an Subcategory: 1 IPPU 4
i Sheet: 4] AFOLU » [ysource
Data
Fuel Type [Bom] " ° > Lincetatis fo Bom, Conversion Factor Type @ NCV () GGV
Table 7a - Uncertainties
=-1.41.c- Manufacture of Solid Fuel 0
- 1.A1ci - Manufacture of Selid
L 1A1.cli - Other Energy Industr
- 1.4.2 - Manufacturing Industries and C
~1.A.2.2- Iron and Steel
- 1.4.2.b- Non-Ferrous Metals
~1.42.c- Chemicals
-+ 1.A4.2.d - Pulp, Paper and Print G‘f Ga d, (f d, =
--1.4.2.2- Food Processing, Beverag Total
142 - Nor-Metallc Minersls 0 | q | o \ q
-1.A.2.g - Transport Equipment
- 1.4.2.h - Machinery
- 1.A.2. - Mining (excluding fuels) an
- 1.4.2] - Wood and wood products
- 1.4.2 %k - Construction
-+ 1.A21 - Textile and Leather
“-1.A2m- Non-specified Industry ¥
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Activity data sources

National sources

Energy balance

Statistical reports

Utility providers’ reports
Customs services report
Surveys

International sources

* International Energy Agency
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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] - X
o Application Database Inventory Year Worksheets Reports Tools  Export/Import  Administrate  Window -
| EoRGIRCe G EOES Nl | Fuc! Combustion Activities
ergy A || Warksheet
- Fuel Combustion Activities Sector: Energy 1990
- 1:A.1 - Energy Industries Category: Fuel Combustion Activities
- 1.A.1.2 - Main Activity Electricity an Subcategory:  1.A.1ai - Blectricity Generation
Sheet - C02, CH4 and N20 from fuel combustion by source categories — Tier 1
A1z - Combined Heat and Data
A1.ziii - Heat Plants Fuel Type |(Allfuels) v Conversion Factor Type @ NCV (O GCV
=+ 1.A71.b - Petroleum Refining
= 1.4.1.¢ - Manufacture of Solid Fuel
‘- 1.A1.c.i - Manufacture of Solid .
- 1.A1.c.ii - Other Energy Industr . . . 4
- 1.4.2 - Manufacturing Industries and C - ptio 0 0 o o . . 0
+1.A2.3- Iron and Steel q = = q g
+1.42.b- Non-Ferrous Metals
" 1AZe-Chemicals _ Crude Oil 100077 T 1 100 73300 73| 3| 000037 06| 0.000. 7| =7
1:52 Ef,lo'; Efff;q:g%gmmg Crude Oil 101 Gg 423 4230 73300 3100 7 3| 0012 7 06| 0002 A=z [a [ [ x
- 1.A2f- Non-Metallic Minerals o & = o | =
142 g- Transport Equipment Total
~TAZh- Machinery [ &3 [ 37389 [ 007125 [ o005

- 1.4.2.1- Mining (excluding fuels) an
-+ 1.A.2.] - Wood 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

EQUATION 2.1
GREENHOUSE GAS EMISSIONS FROM STATIONARY COMBUSTION

Emissions gy G. fuel = Fuel Consumption fuel  Emission FactorGHG! fuel

1A1a Main Activity Electricity and Heat Production }®

1A1b Petroleum Refinin

1A1c_Manufacture of Solld Fuels and Other Energy o
1A23 Iron and Steel

1A2D Non-Ferrous Metals

1A2¢ Chemicals
1A2d Pulp, Paper and Print
1A2e Food Processing, Beverages and Tobacco }

o

5 1A28 Transport Equipment

(1452 Stationary |
| AZh Machi
@[ 1A5b Mobile [H2} 1AS Non-Specified il
ning (excl uels) and Quarryin
1A5¢ Multilateral Operations
A2) Wood and wood products

1A2k Construction

1A Fuel Combustion
Activities 1421 Textlle and Leather

1A4a Commercial/Institutional
|A2m Non-specified Industry:
TA4b Residential e =
1A3ai Aviation ( Bunkers) }

= TR

z

z

r =
=

-

4 - 5
=9

e

=3

1A3aii Domestic Aviation

1Adc Agriculture/ 2
§ 2:3,""  Fishing/Fish 1A3bi Cars |®
1A3bii Light-duty trucks
1A3biii Heavy-duty trucks and buses }

=N 143biv Matorcycles |
1A3by Evaporative emissions from vehicles }

1A3bvi Urea-based catalysts f

1Adci Stationary

1A4cii Off-road Vehicles
and Other Machinery

llMcIIi Fishing (mabile combustion)

1A3c Rallways
("1A3di International water-borne
5 | navigation (International bunkers)
1A3dil Domestic Water-borne Navigation }
1A3ei Pipeline Transport
1A3e Other Tr.

1A3eii Off-road

IDCC
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Aviation

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

Operations
type
Engine type

IDCC
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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 10 = Niro “ EFL1o

Ecrise = (Fioar = FLro) * EF

cruise
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Aviation

nventory Software - user - [Worksheets, - O
@) pccl ry Softw [Worksheets] X
o P — . - —— - - - . L -
= EP\@, IPCC Inventory Software - user - [Worksheets] — x
o Application  Database  Inventory Year Worksheets Reports  TJools  Export/lmport  Administrate  Window  Help - 3 X

1A
) H=@) IPCC Inventory Software - user - [Worksheets] — =

~1A) - 1A2z-lror 85 Application  Database Inventory Year Worksheets Reports  Tools  Export/Import  Administrate  Window  Help - 8 X

a1 o — 1 .

1
1
1
-1
= 1AL ~1.A2¢-Ch{ "7 A2 - Iron and Steal N -
1AL - 1AZd-Pull - 1.42b- Non-Ferrous Metals LTO Fuel ion and LTO emissions - issions from use of other fuels
-1.AY = 1AZ2e-Fod i 1A2c- Chemicals Workshest
-1
1
]
1

AL - 1.42f-Non] -+ 1.42.d - Pulp, Paper and Print Sector: Energy 1990
~1AY - 1A2g-Tra - 1AZe-Food Processing, Beve Category: Fuel Combustion Activities

AA) - 1AzR-Mal 1421 - Non-Metzllic M.inerals Subcategory:  1.A.3.aii - Domestic Aviation
C1AZI-Mind 1.42.9 - Transport Equipment Sheet: Cruise emissions - Tier 2
A2 - Vg '"1)’-‘\2?’\'”313'1\“8@' ] Data

T - 1420 - Mining (excluding fuels) Gas |CARBON DIOXIDE (CO2) -

~1AZk-Corl . 1,42 - wood and wood prduc
1AZ1-Tex| 147 k- Construction
o TAZm- Mol - 1.A21- Textile and Lesther
A3-T 142 m- N fied Industry
= iwf1.4.3 - Transport
= 1435 - Civil Aviation
A 3.a. - International Aviati

= 1.43 b - Road Transportation -

= 1A3bI-Cars Jet Ga.. 1000 3210000 0.00004 142203 157.797 69300 10.93533 o/ 10.14 21.07533 & [ [
1.43bi1-Passengerc

1A3bi2-P c Total
Bt 1000! 3210000 142203| [ 157.797 10.93533] 10.14 21.07533]
buii - Light-duty trucks

1.A.3.bii.1 - Light-duty tr
1.4.3.b.ii.2 - Light-duty tr
+-1.A.3.biii - Heawy-duty truck

>

L4

Tier2

jet fuel
O 3 Tier 2 methed is only applicable for

L-l'-'o =] Tier 2 method if jet fuel use in jet aircraftengines.
7 method! jet fuel use in je| Operations of aircraftare dividedinto
Treee Operations of ai LTO and cruise phases. To use Tier
domestic|LTO and cruise 3%?2?'.;?’;9;? L"ebﬁ'n&f.fffr both S Ermirme
preferably 2 methDd the n domestic and international aviation,
method a| OPErBtioNs MUst oreterably by aircrafttype. In Tier 2
e CeSiC ndin netod o i s rade
914 m (3P ferably by ail b below and sbove
method a distind 914 m (2000 feet): that is emissions
=hases ol between emissi generated during the LTO and cruise | ‘
P 914 m (3000 fee Phases of fight.
As Tier i durin
phases of flight.
Country, Country/Territory:  Georgia | Inventory Year: 1990 | Base year for assessment of uncertainty in trend: 1990 | Co2 Equlvalents SAR GWPs (100 year time horizon) | Database file: (C\ProgramDatatIPCC200650ftwarelipcc2006_blank_v270.mdb)
Az Tier ? methad iz onle licahle ™ ||

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

IPCC
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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

Q‘Z} IPCC Inventory Software - user - [Energy Sectoral Table]
@ IpC - - . =

2 st Application Database Inwentory Year Worksheets Reports Tools Export/Import Administrate Window Help
.. =

Memo and Information ltems

Emissions
(=a)

1.A - Fuel Combustion Activities [ u_nml 0.035 | n_m5| n_mul 0.000
1.A_ 16 1pCC Inventory Software - user - [Energy Sectoral Table] o000 0.000| 0.000

1.4 o Application  Database Inventory Year  Worksheets Reports  Tools  Export/lmport  Administrate  Window  Help D00 0.000 | 0.000
D00 0.000| 0.000
D00 0.000| 0.000
ooo 0.000| 0.000
000 0.000| 0.000

1A2 . Emissions
(Gg)

ooo 0.000( 0.000
ooo 0.000( 0.000

ooo 0.000( 0.000
ooo 0.000( 0.000
ooo 0.000( 0.000
ooo 0.000( 0.000
1.A.2. e - Food Processing. Beverages and Tobacco 0.000 ( 0.000 0.000| 0.000
1.4.2 - Non-Metallic Minerals 0.000 | 0.000 0.000( 0.000
1.4.2 g - Transport Equipment 0.000 | 0.000 0.000( 0.000

@
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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
C0, EMISSIONS FROM FUEL COMBUSTION USING THE REFERENCE APPROACH

CO, Emissions = 7}, [

((Apparent Consumption g,,; ® Conv Factorg,, ® CC 5,,) *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
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Reference approach

Q?) |PCC |nv,,L,, [ eee P4 A PmLE_ A1 — =l N
3 Aooh ) IPCC Inventory Software - user - [1.A - Reference Approach] — e
s ppie . - .
————— o5 Application Database Inventory Year Worksheets Reports  Tools  Export/import  Administrate  Windew  Help - 8 X
Reference|
Reference Approach Data  Estimating Excluded Carbon  Comparison
Sector
Category| Sector Enenav 4nnn
Category| Category @) IPCC Inventory Software - user - [1.A - Reference Approach] - x
Sheet Category co 0 application  Matabace  Inventor Vear  Worksheets  Renorts  Tools  Fxnort/lmoort  Administrate Window  Heln - 8 X
Sheet @) IPCC Inventory Software - user - [1.A - Reference Approach]
Reference /
ot Application Database  Inventory Year  Worksheet Tools  Export/lmport  Administrate  Window  Help 190
Reference Approach Data  Estimating Excluded Ca
Sector Energy
Liquid F Category Fuel combustion activities
Solid Fy| = Liguid Fue Category code 1A
Gaseou By Sheet 1 of 1-Comparison of CO2 Emissions from Fuel Combustion
Other F Reference Approach oral Appro Difference
Peat: 1 Secon .Apparen_t
Total Crode Oil Apparent Excluded IC:cirqumptlon co2 Energy coz Energy €02 Emissions
R Fuel Types Consumption | consumption | Y$%€ u"mg_n_or:j— Emissions Consumption | Emissions Consumption | = ° m’|_“|ona
o (TJ) (TJ} EETyRc =T (Gal (TJ} (Gag) (%) =l
Mator Gas ( | ) .
ot Gan] | 1 id Fuets: 22 o) \__ 905 J  aq  2145)) -
s 2 et - D
< Jet Gasoli , , -
1) Values in Jet Kerosel | Solid Fuels: 11 itemis) %, 0 ’ U 1] ;
Other Kero| | Gagegus Fuels: 1 item(s) -
Shale Oil . .
GasiDiese| | Other Fossil Fuels: 3 item(s) [
Residual F | Peat; 1 item(s) -
Liquefied F | |
0 J a Ethane Tatal ||
. Naphtha | 300] 0f 300] 19.308] 300] 21.45] 0] -10
1) Values in cd B
10 Bitumen B
Lubricants R
00
199 < X
,= 1) Valuesin
* 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/Territery:  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)
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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
Post-mining
Abandoned mines
Flaring

Underground Mines

Mining&Handling

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

Venting

Exploration

Transport

Products distribution

—— 1B2. Oil & Natural Gas | Vonting

‘{Natural Gas

Transmission/Storage

Distribution

~— 1B3. Other emissions from energy production |
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1.B - Fugitive emissions

@) Ipcc Inventory Software - user - [Worksheets]

ol Application Database Inventory Year Worksheets Reports  Tools  Export/lmport  Administrate  Window  Help

_@J IPCC Inventory Software - user - [Worksheets]

- X
Sl :c - Solid fuel t ocl Application Database InventoryYear Worksheets Reports Tools  Export/lmport  Administrate  Window  Help -8 X
+1.B.2 - Oil and Natural
=-1.B82a-0i 0Oil and Naturzl Gas
1.B.2ai - Ventir 1B.1.c- Solid fuel transformation A || Workshest
1B.2aii - Flarid 182 - Oil and Naturzl Gas Seclor: Energy 1990
B 1B2aii- Al C E-1B2a-0il Category: Fugtive Emissions from Fuels - Cil and Natural Gas
B2 ajii 1 1.B.2a. - Venting Subcategory:  1.B.2bii.4 - Transmission and Storage
.B.2.a.iii.2 +1B2aii - Flzring Sheet: CO2, CH4 and N20 from fugtive emissions from fuels by source categories - Tier 1
.B.2. 3 (-1.B.2.z.ii - All Other Data
- EI“ B.2a.ii.1- Exploration
B2aii4 B.2.2.i 2 - Froduction an
'B'Z'E'T'S .B.2.a.ii.3 - Transport
B2aiif B2.ii 4 - Refining
=+1.B.2b - Natural Ga B.2.2.ii.5 - Distribution of
~1.B.2bii - Ventir B2aiii § - Other . . .
; 1.B.2bii-Flaril =-1B2b- Natural Gas q q q a
=-1.8.2biii- Al C 1B.2bi- Venting
1 B2 bl 1B.2b.i - Flaring
B2biii? 1.B.2biii - All Other 5 L
B2bii3 B2bil.1- Exploration Gas Transmission & 5.. | Transmission 1000 |7 10° Sm3 0 000144 |/ 0.000637% FAHEEAEE N
B.2b.iii.2 - Production 7
B2biii3 - Processing : I
B2hiii 5 —— Total Daveloped Countries 0.000273| Gg per 1076 m3.. 0 0.000546 | Fugitives
----- 1B.2biii6 T ([ DeveipingTTransion Couires 0000633 Ga per 106 A | 0.0003798| 00022155 Fugitives
- 1.8.3 - Other emissions i \
B.2biii.6 - Other
(C - Carbon dicxide Trans||.. 1 8.3 - 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 cbtaining the
approach to estimate fugi| activity data values required for use in Tier 1
ol and gas operations’ in approach to estimate fugitive emizsions from
-+ oil and gas operations’ in Chapter 4, Volume
2 ofthe 2008 IPCC Guidd.) e 7006 IPCC Guidelines
Uncetainties Time Series data entry..
‘ ‘ * BasevLarblassasmerlof.lrcen.aim intrend: 19%@“’“ BIOAIDE (CO2) Emissioes (G CHZ Eivaken=) ‘ :|
Save Gas CARBON DIOXIDE (CO2) v

Country/Territory:  Gee Country/Territory:  Georgia | Inventory Year. 1990 | Base year for assessment of uncertainty in trend: 1990 | CO2 Equivalents:  SAR GWPs (100 year time herizon) | Database file:  (C:\ProgramData\IPCC20065oftware\ipcc2006_blank_v270.mdb)
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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.

ﬁ ﬁ
Plant
power plant, CO, Capture Liquefaction Intermediate Storage
industrial process
Ship Transpoﬂ ‘z>

< Compressron

<Z’ Gpelme TranspD | Intennedlate Storage | >

Capture + Imports = Injection + Leakage + Exports
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Practical Exercises

1. Tier 1. Sectoral approach - Stationary combustion

2. Tier 1. Sectoral approach — Mobile combustion

3. Reference Approach

4. Tier 2. Sectoral approach - Stationary combustion

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

https://www.ipcc-ngqgip.iges.or.jp/index.htmi

. IDCC

RN AN
Viewy V) (&Y
{3 Ny

e D INTERGOVERNMENTAL PANEL ON ClimaTe change



