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Executive Summary

EXECUTIVE SUMMARY

ES.1 Background Information on Greenhouse Gas Inventories

The United Nations Framework Convention on Climate Change (UNFCCC) is an international treaty
established in 1992 to cooperatively address climate change issues. The ultimate objective of the
UNFCCC is to stabilize atmospheric greenhouse gas (GHG) concentrations at a level that would prevent
dangerous interference with the climate system. Turkiye ratified the UNFCCC in May 2004.

To achieve its objective and implement its provisions, the UNFCCC lays out several guiding principles
and commitments. Specifically, Articles 4 and 12 commit all Parties to develop, periodically update,
publish and make available to the COP their national inventories of anthropogenic emissions by sources
and removals by sinks of all GHGs not controlled by the Montreal Protocol.

National inventory of Tiirkiye is prepared and submitted annually to the UNFCCC by April 15 of each
year, in accordance with revised Guidelines for the preparation of national communications by Parties
included in Annex I to the Convention, Part I: UNFCCC reporting guidelines on annual inventories
(UNFCCC Reporting Guidelines). The annual inventory submission consists of the National Inventory
Report (NIR) and the Common Reporting Format (CRF) tables.

Turkiye, as an Annex I party to the United Nations Framework Convention on Climate Change (UNFCCC),
reports annually on greenhouse gas (GHG) inventories. This National Inventory Report (NIR) contains

national GHG emission/removal estimates for the period of 1990-2020.

Pursuant to Decision 24/CP.5, all Parties listed in Annex I of the UNFCCC are required to prepare and
submit annual NIR containing detail and complete information on the entire process of preparation of
such GHG inventories. The purpose of such reports is to ensure the transparency, accuracy, consistency,

comparability and completeness of inventories and support the independent review process.

This inventory submission follows the revised UNFCCC Reporting Guidelines, adopted through Decision
24/CP.19 at COP 19.

Together with the common reporting format (CRF) tables, Tiirkiye submits a National Inventory Report
(NIR), which refers to the period covered by the inventory tables and describes the methods and data
sources on which the pertinent calculations are based. The report, and the CRF tables, have been

prepared pursuant to the UNFCCC guidelines on annual inventories (24/CP.19) and in conformance with
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the 2006 Intergovernmental Panel on Climate Change (IPCC) Guidelines for National Greenhouse Gas
(GHG) Inventories (2006 IPCC Guidelines).

The annual GHG inventory provides information on the trends in national GHG emissions and removals

since 1990. This information is essential for the planning and monitoring of climate policies.

The Turkish Statistical Institute (TurkStat) is the responsible agency for compiling the National GHG
Inventory. GHG inventory of Tirkiye is prepared by "GHG Emissions Inventory Working Group" which
is set up by the decision of the Coordination Board on Climate Change (CBCC). TurkStat is the
responsible organization for the coordination of working group (WG). Moreover, TurkStat has been

designated as the National inventory focal point of Tiirkiye by the decision taken by CBCC in 2009.

The Official Statistics Programme (OSP), based on the Turkish Statistics Law No. 5429, has been
prepared for a 5-year-period in order to determine the basic principles and standards dealing with the
production and dissemination of official statistics and to produce reliable, timely, transparent and
impartial data required at national and international level. The responsibility for compiling the National
GHG Inventory has also been given to TurkStat by the OSP. The inventory preparation is a joint work

of GHG emission inventory WG.
The main institutions involved in GHG inventory are;

e  Turkish Statistical Institute (TurkStat),

e  Ministry of Energy and Natural Resources (MENR),

e  Ministry of Transport and Infrastructure (MoTI),

e  Ministry of Environment, Urbanization and Climate Change (MoEUCC),
e  Ministry of Agriculture and Forestry (MoAF).

The National GHG emissions/removals are calculated by using 2006 IPCC Guidelines. The GHG Inventory
includes direct GHGs as carbon dioxide (CO2), methane (CH4), nitrous oxide (N20), fluorinated gases
(F-gases); hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), sulphur hexafluoride (SFe), nitrogen
trifluoride (NFs) and indirect GHGs as nitrogen oxides (NOx), carbon monoxide (CO), non-methane
volatile organic compounds (NMVOC), sulphur dioxide (SO2) and ammonia (NHs) emissions originated
from energy, industrial processes and product use (IPPU), agriculture and waste. The emissions and

removals from land use, land use change and forestry (LULUCF) are also included in the inventory.
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ES.2 Summary of National Emission and Removal Related Trends

Total GHG emissions, excluding the LULUCF sector, were estimated to be 523.9 Mt of CO2 equivalent
(CO2eq.) in 2020. This represents an increase of 15.8 Mt, or 3.1%, in emissions compared to 2019, and
a 138.4% increase compared to 1990 (Table ES 1).

Table ES 1 Greenhouse gas emissions, 1990-2020
1990 2000 2005 2010 2015 2016 2017 2018 2019 2020

Total emissions
(Mt CO: eq. excluding 219.7 299.0 337.0 398.7 474.5 500.8 528.3 524.0 508.1 523.9
LULUCF)

Change compared to 1990 - 36.1 53.4 81.4 1159 1279 1404 138.5 131.2 138.4
(%)

Net emissions

(Mt CO2 eq. including 164.0 237.4 262.5 325.1 376.9 404.8 428.5 429.6 424.0 466.9
LULUCF)

Change compared to 1990 - 448 60.0 982 1299 1468 1613  162.0 158.6  184.8
(%)

Total GHG emissions, including the LULUCF sector, were 466.9 Mt CO: eq. in 2020. Thus, LULUCF
included total emissions decreased by 10.1% compared to 2019 emissions. There is a 184.8% increase
from 1990 to 2020 (Table ES 1).

Table ES 2 Overview of GHG emissions and removals, 1990-2020

(Mt CO: eq.)
GHG emissions 1990 2000 2005 2010 2015 2016 2017 2018 2019 2020
CO: (excluding LULUCF) 151.7 2299 264.8 316.0 3843 4053 430.2 422.6 401.7 4134
CO: (including LULUCF) 95.8 168.0 190.2 2423 286.7 309.1 330.2 328.0 3175 356.2
CH4 (excluding LULUCF) 425 437 452 516 528 556 568 603 63.1 64.0
CHjs (including LULUCF) 426 438 452 516 528 556 568 604 632 64.1
N20 (excluding LULUCF) 250 248 253 274 323 344 356 355 37.0 40.5
N0 (including LULUCF) 250 249 254 275 324 346 357 356 371 40.7
HFCs NO 0.1 1.1 3.1 4.8 5.3 5.5 5.5 6.1 5.9
PFCs 0.6 0.6 0.6 0.5 0.2 0.1 0.1 0.0 0.1 0.0
SFe NO 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Total (excluding LULUCF) 219.7 299.0 337.0 398.7 4745 500.8 5283 5240 508.1 523.9
Total (including LULUCF) 164.0 2374 262.5 325.1 376.9 404.8 428.5 429.6 424.0 466.9

Note that 0.0 kt figures refer to values smaller than 0.05 but greater than zero.

Total GHG emissions as CO:z eq. for the year 2020 were 523.9 Mt (excluding LULUCF). Overall in 2020,
the energy sector had the largest portion with a 70.2% share of total emissions. The energy sector was
followed by the sectors of agriculture with 14%, IPPU with 12.7% and waste with 3.1%. GHG emissions
by sectors are presented in Table ES 3 for 1990-2020.
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Table ES 3 Greenhouse gas emissions by sectors, 1990-2020

(Mt CO2eq.)

Total Total

Year Energy IPPU Agriculture LULUCF Waste (Excluding (Including
LULUCF) LULUCF)

1990 139.6 23.0 46.1 -55.7 11.1 219.7 164.0
1991 144.0 24.9 46.9 -56.7 11.3 227.1 170.4
1992 150.3 24.5 47.0 -56.9 11.5 233.3 176.4
1993 156.8 24.7 47.4 -56.1 11.8 240.6 184.6
1994 153.3 24.3 44.9 -57.6 12.0 234.6 177.0
1995 166.3 25.9 44.1 -57.4 12.3 248.6 191.2
1996 184.0 26.3 44.8 -57.6 12.7 267.7 210.1
1997 196.1 27.1 42.5 -61.7 13.2 278.9 217.2
1998 195.8 27.5 43.7 -62.7 13.5 280.4 217.7
1999 193.8 25.9 44.3 -64.1 13.9 277.9 213.8
2000 216.0 26.3 42.3 -61.6 14.3 299.0 237.4
2001 199.2 25.9 39.9 -64.9 14.8 279.8 214.9
2002 205.9 26.9 37.6 -72.6 15.2 285.7 213.1
2003 220.4 28.3 40.6 -74.6 15.6 304.9 230.2
2004 226.3 30.8 41.3 -73.7 16.1 314.5 240.8
2005 244.4 33.7 42.4 -74.5 16.4 337.0 262.5
2006 260.5 36.7 43.9 -74.8 16.8 358.0 283.2
2007 291.5 39.3 43.4 -74.5 17.1 391.3 316.8
2008 288.3 41.1 41.3 -69.5 17.2 387.9 318.4
2009 292.9 43.0 42.0 -73.2 17.2 395.1 322.0
2010 287.8 49.0 44.4 -73.6 17.4 398.7 325.1
2011 309.9 53.9 46.9 -77.5 17.8 428.5 351.0
2012 321.6 56.2 52.7 -74.8 17.6 448.0 373.2
2013 308.3 59.2 55.9 -76.9 16.7 440.0 363.1
2014 326.8 59.9 56.2 -77.9 16.5 459.4 381.5
2015 342.0 59.2 56.1 -97.5 17.1 474.5 376.9
2016 361.7 63.5 58.9 -96.0 16.7 500.8 404.8
2017 382.4 66.4 63.3 -99.8 16.3 528.3 428.5
2018 374.1 68.0 65.3 -94.4 16.6 524.0 429.6
2019 365.4 58.6 68.0 -84.0 16.1 508.1 424.0
2020 367.6 66.8 73.2 -56.9 16.4 523.9 466.9

IPPU: Industrial Processes and Product Use
LULUCF: Land Use, Land Use Change and Forestry

As shown in Table ES 3, emissions from energy increased by 0.6% to 367.6 Mt CO:z eq. in 2020 compared
to 2019. However, there is a 163.3% increase compared to 1990. Emissions in the IPPU sector increased
to 66.8 Mt CO:2 eq. in 2020 which is 14% higher than the emissions in 2019. Emissions in the agriculture
and waste sectors were 73.2 Mt CO2 eqg. and 16.4 Mt CO:z eq. respectively in 2020.
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ES.3 Overview of Emission Estimates and Trends

In 2020, the highest portion of total CO2 emissions originated from the energy sector with 85.4%. The
remaining 14.2% originated from IPPU, 0.4% from agriculture and a percentage close to zero from
waste. CO2 emissions from energy increased by 0.8% compared to 2020 while increased by 171.8% as
compared to 1990. CO2 emissions from IPPU increased by 16.8% compared to 2019 and increased by
175.9% compared to 1990.

The largest portion of CH4 emissions originated from agriculture with 61% while a share of 22.1% is
from waste, and 16.9% from energy and industrial processes and product use. CH4 emissions from
agriculture increased by 3.8% compared to 2019 and it increased by 55.3% compared to 1990. Though
CH4 emissions from waste increased by 2.2% compared to 2019, it increased by 47.2% compared to
1990.

While 80.3% of N2O emissions was from agriculture, 9.1% was from energy, 5.6% was from waste,
and 5% was from IPPU. There is a 9.4% increase and 62.2% increase in total N2O emissions compared

to 2019 and 1990, respectively. GHG emissions by sectors are shown in Table ES 4.

Table ES 4 GHG emissions, 1990-2020

(kt)
Emission 1990 2000 2005 2010 2015 2016 2017 2018 2019 2020
sources
co,
Total 151665 229858 264769 316036 384330 405305 430220 422569 401720 413433
Energy 129891 204494 232907 271645 330815 347273 369365 360850 350127 353038
IPPU 21287 24726 31237 43735 52704 56734 59404 60461 50302 58735
Agriculture 460 617 613 645 811 1295 1450 1257 1288 1657
Waste 27 21 12 11 1.1 1.8 1.5 1.2 2.4 3.6
CHa
Total 1699 1746 1806 2064 2111 2222 2271 2414 2525 2 560
Energy 310 360 337 490 295 419 355 382 469 434
IPPU 0.3 0.4 0.4 0.4 0.6 0.7 0.7 0.7 0.6 0.6
Agriculture 1005 878 882 951 1214 1219 1353 145 1503 1560
Waste 384 507 587 623 601 584 563 575 553 565
N0
Total 84 83 85 92 108 115 119 119 124 136
Energy 6.5 8.5 10.5 13.3 12.7 13.3 14.0 12.6 12.0 12.4
IPPU 36 2.8 2.4 5.5 4.9 4.1 4.2 6.1 6.8 6.7
Agriculture 69 66 66 67 84 91 94 93 98 109
Waste 49 5.5 5.8 6.3 7.1 7.1 7.3 7.4 7.5 7.6

IPPU: Industrial Processes and Product Use. The LULUCF sector is not included.
Figures in the table may not add up to the totals due to rounding.
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ES.4 Indirect GHG Emissions

Emissions of NOx, CO, NMVOC, SO, and NH3 were also included in the report because they influence
climate change indirectly. Table ES 5 shows indirect GHG emissions. 99.4% of total NOx emissions which
was 0.86 Mt, comes from energy sector. Similarly, 98.2% of total CO emissions as high as 1.89 Mt in
2020 was due to the energy sector. NMVOC emissions was 1.16 Mt in 2020. The largest portion of
NMVOC emissions came from agriculture with 44.5% which is followed by IPPU with 31.8% and almost

all SOz emissions close to 2.2 Mt was from the energy sector in 2020.

Table ES 5 Indirect GHG emissions, 1990-2020

(kt)
Emission sources 1990 2000 2005 2010 2015 2016 2017 2018 2019 2020
NOX
Total 253 1490 1297 998 857 870 855 860 888 866
Energy 250 1480 1293 994 853 866 851 856 883 860
IPPU 0.95 7.62 3.60 2.77 3.70 3.52 3.80 4.06 4.20 4.33
LULUCF 0.51 1.05 0.12 0.14 0.13 0.41 0.60 0.33 0.68 0.91
Waste 0.93 1.14 0.55 0.43 0.02 0.03 0.03 0.03 0.03 0.06
co
Total 2040 8762 3745 3454 2522 2332 2164 1643 1762 1930
Energy 1997 869 3723 3435 2508 2306 2132 1625 1733 1 895
IPPU 8.60 8.54 8.12 7.33 8.40 10.76 10.56 10.56  10.55 10.83
LULUCF 18.36  37.59 4.27 5.10 4.65 14.60 21.47 6.35 1842 23.14
Waste 16.41 19.99 9.74 7.48 0.39 0.56 0.56 0.56 0.70 1.06
NMVOC
Total 896 1607 1110 1104 1110 1087 1114 1092 1118 1161
Energy 283 905 428 409 306 277 255 203 213 234
IPPU 252 317 314 328 346 351 358 362 366 369
Agriculture 356 354 336 332 414 419 461 487 499 517
Waste 492 30.25 3255 3555 44.01 39.87 39.87 40.47 40.47 40.95
SO,
Total 1683 2237 2000 2554 1939 2244 2351 2515 2521 2166
Energy 1682 2237 2000 2554 1939 2243 2350 2514 2521 2165
IPPU 0.73 0.70 0.63 0.54 0.69 0.82 0.85 0.85 0.85 0.91
Waste 0.03 0.04 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.00
NH3
Total 85 97 84 62 59 45 46 41 43 46
Energy 1.03 1.51 3.32 2.73 9.21 5.71 4.54 3.34 3.67 4.14
IPPU 5.76 3.54 3.85 3.98 4.13 3.24 3.70 5.10 6.38 6.50
Waste 7832 9191 77.04 5522 4534 36.36 38.08 3245 3245 35.71

Note that 0.00 kt figures refer to values smaller than 0.005 kt but greater than zero.
Figures in the table may not add up to the totals due to rounding.
IPPU: Industrial Processes and Product Use
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European Monitoring and Evaluation Programme
Inventory Statistical System for Forests

Expert Review Team

European Union

Fraction of methane

Food and Agriculture Organization of the United Nations
Statistical database of the FAO

Fossil carbon content

Fluorinated gas

First Order Decay

Fraction of synthetic fertiliser N that volatilises as NH3z and NOx

Percent of managed manure nitrogen that volatilises as NH3 and NOx in the
manure management system S
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Fraceasm

FracLeacH-(H)
FracCLeacHms

Fcomp

Fsew

g
GDF

GDP
GE
Gg
GHG
GIS
GJ
GL-SL
GW
GWh
ha
HAC
HFC
HWP
ICP
IE
IEA
IEF
IFA
IPCC
IPPU
W

kha
KISAD

km

Abbreviations and Acronyms

Fraction of applied organic N fertiliser materials and of urine and dung N
deposited by grazing animals that volatilises as NHz and NOx

Fraction of all N added to/mineralised in managed soils in regions where
leaching/runoff occurs that is lost through leaching and runoff

Percent of managed manure nitrogen losses due to runoff and leaching
during solid and liquid storage of manure

Annual amount of total compost N applied to soils
Annual amount of total sewage N that is applied to soils
gram

General Directorate of Forestry

Gross Domestic Product

Gross energy intake

Gigagram

Greenhouse gas

Geographical Information System

Gigajoule

Grasslands converted to settlement
Gigawatt

Gigawatt hour

Hectare

High activity clay

Hydrofluorocarbon

Harvested wood product

International Cooperative Programme
Included elsewhere

International Energy Agency

Implied emission factor

International Fertilizer Association
Intergovernmental Panel on Climate Change
Industrial processes and product use
Industrial Waste

Methane generation rate constant

Kilo hectare

Lime Producers Association

kilometer
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Abbreviations and Acronyms

kt Kilo tonnes

ktoe Kilo tonnes of oil equivalent

kw Kilowatt

kwh Kilowatt hour

L Litter

LPG Liquefied petroleum gas

LRS LULUCF reporting system

LTO Landing and take-off

LULUCF Land Use, Land Use Change and Forestry
MAPEG General Directorate of Mining and Petroleum Affairs
MC Monte Carlo

MCF Methane correction factor

ME Main engine

MENR Ministry of Energy and Natural Resources
MgCOs3 Magnesium carbonate

MgO Magnesium oxide

M] Megajoule

MMS Manure Management System(s)

MoAF Ministry of Agriculture and Forestry
MoEF Ministry of Environment and Forestry
MoEU Ministry of Environment and Urbanization
MoEUCC Ministry of Environment, Urbanization and Climate Change
MoT Ministry of Trade

MoTI Ministry of Transport and Infrastructure
MRV Monitoring, Reporting, Verification

MS Manure Management System Usage
MSm?3 Million standard cubic meter

MSW Municipal solid waste

Mt Million tonnes

MW Megawatt

N Nitrogen

N20 Nitrous oxide

NA Not applicable
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Na2COs

NaCl
NCV
NE
NES
Nex
NF3
NH3
NIR
NMVOC
NO
NOx
ODS
OoDU
OHF
OspP
OX
PFC
PRODCOM
PS
QA/QC
R

S
SEM
SFe
SFOC
SFo
SFp
SFsr
SFw
SOz
SOx
SOM

Abbreviations and Acronyms

Sodium carbonate

Sodium cloride

Net calorific value

Not estimated

EU Integrated Environmental Adaptation Strategy
Annual nitrogen excretion

Nitrogen trifluoride

Ammonia

National Inventory Report

Non-methane volatile organic compounds

Not occurring

Nitrogen oxides

Ozone-depleting substances

Oxidised During Use

Open hearth furnace

Official Statistics Programme

Oxidation factor

Perfluorocarbon

Industrial Production Statistics Survey

Plant specific

Quiality assurance and quality control

Root-to-shoot ratio

Soil

Ship Emission Model

Sulphur hexafluoride

Specific Fuel Oil Consumption

Scaling factor regarding organic amendment type and amount applied
Scaling factor regarding water regime before the cultivation period
Scaling factor for soil type, rice cultivar, etc., if available
Scaling factor regarding water regime during the cultivation period
Sulphur dioxide

Sulphur oxide

Soil Organic Matter
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SWDS

TeLant

T1

T2

T3
TACCC
TADPK
TurkCimento
TEIAS
T]

TOBB
TOR
TOW
TPES
TRGM
TTGV
TUBITAK
TurkStat
TUPRAS
TWh
UNECE
UNFCCC
usD

Vol

WF

WG

Ym

yr

Abbreviations and Acronyms

Solid waste disposal sites

Tonnes

Degrees of treatment utilization

Degree of utilization of modern, centralized wastewater treatment plants
Tier 1

Tier 2

Tier 3

Transparency, accuracy, comparability, consistency, and completeness
Tobacco and Alcohol Market Regulatory Authority

Turkish Cement Manufacturer’s Association

Turkish Electricity Transmission Company

Terajoule

The Union of Chambers and Commodity Exchanges of Tiirkiye
Terms of Reference

Total organics in wastewater

Total Primary Energy Supply

General Directorate of Agricultural Reform

Technology Development Foundation of Tirkiye

Scientific and Technical Research Council of Tirkiye

Turkish Statistical Institute

Turkish Petroleum Refineries Co.

Terawatt hour

United Nations Economic Commission for Europe

United Nations Framework Convention on Climate Change
United States dollar

Volume

Waste fractions

Working group

Methane conversion factor

year
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Introduction

1. INTRODUCTION

1.1. Background Information on GHG Inventories

The UNFCCC and the Kyoto Protocol were ratified by Tirkiye in 2004 and 2009 respectively. As an
Annex I party to Convention, Tirkiye is required to develop annual inventories on emissions and
removals of GHG not controlled by the Montreal Protocol using the IPCC Guidelines. National
Greenhouse Gas Inventory of Tirkiye was set up in 2006. Inventory covers all emissions and removals
sources described in 2006 IPCC Guidelines for National Greenhouse Gas Inventories (2006 IPCC
Guidelines). Emissions and removals have been estimated and reported in line with the 2006 IPCC
Guidelines. The National GHG Inventory consists of the national inventory report (NIR) and the common
reporting format (CRF) tables in accordance with the UNFCCC reporting guidelines (24/CP.19). Time
series of emissions and removals from 1990 to latest inventory year are covered in the Common
Reporting Format (CRF).

2006 IPCC Guidelines were provided for the following sectors:

e  Energy

e  Industrial Processes and Product Use (IPPU)

e  Agriculture

e Land Use, Land Use Change and Forestry (LULUCF)
e Waste

The emission inventory includes direct GHGs as CO2, CH4, N20O, HFCs, PFCs, SFs, NF3 and indirect gases
as NOx, CO, NMVOC, SOz and NHs emissions originated from energy, IPPU, agriculture, and waste. The
emissions and removals from LULUCF are also included in the inventory. Indirect CO2 emissions that are
a consequence of the activities of the reporting entity, but available at sources owned or controlled by

another entity are not occur.

In this report, the national GHG emissions and removals from 1990 to 2020, emission and removal
sources, emission factors (EFs), difference between reference and sectoral approach, emission trends,

fluctuations, changes, uncertainty estimations and key source categories were evaluated in detail.
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1.2. Institutional Arrangements

1.2.1. Institutional, Legal and Procedural Arrangements

The Turkish national inventory system is featured by centralized governance. Ministry of Environment,
Urbanization and Climate Change (MoEUCC) is the National Focal Point of the UNFCCC, and is
responsible for climate change and air pollution policies and measures. Tirkiye established the
Coordination Board on Climate Change (CBCC) in 2001 with the Prime Ministerial Circular no.2001/2 in
order to determine the policies, measures and activities to be pursued by Tirkiye on climate change.
Under the chairmanship of Minister of Environment, Urbanization and Climate Change, this board is
composed of high level representatives (Undersecretary and President) from Ministries related to
foreign relations, finance, economy, energy, transport, industry, agriculture, forestry, health, education,
TurkStat, and Non-Governmental Organisations (NGOs) from business sector. The CBCC was
restructured in 2013, and renamed as Coordination Board on Climate Change and Air Management
(CBCCAM). The CBCCAM, a public body created by Prime Minister Circular 2013/11, is competent for

taking decisions and measures related to climate change and air management.

Coordination Board on Climate Change and Air Management Decisions is the first legal means for

national inventory system.
Under the Coordination Board currently there are seven working groups (WGs):

e GHG Mitigation WG

e Climate Change Adverse Effects and Adaptation WG
e  GHG Emission Inventory WG

e  Finance WG

e  Technology Development and Transfer WG

e  Education, Capacity Building WG

e  Air Management WG

The national GHG inventory is prepared under the auspices of the "GHG Emission Inventory Working
Group" which was established in 2001 by the former CBCC. TurkStat was formally appointed as single
national responsible authority to coordinate and implement national inventory activities from planning
to management by Decision 2009/1 of the CBCC in 2009. TurkStat is also in charge of annual inventory

submission to the UNFCCC Secretariat and of responding to the ERT recommendations.
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Also, the legal basis of the national inventory system is currently provided by the Statistics Law of
Turkiye through the Official Statistics Programme (OSP). The OSP is based on the Statistics Law of
Tirkiye No. 5429 and was first prepared in 2007 for a 5-year-period and updated every 5 years. OSP
identifies the basic principles and standards dealing with the production and dissemination of official
statistics and produce reliable, timely, transparent and impartial data required at national and
international level. For all kind of official statistics, the responsible and related institutions are defined,
data compilation methodology and the publication periodicity/schedule of official statistics are specified.
TurkStat is the responsible institution for the compilation of the national GHG inventory through the
OSP and coordinates the activities of the GHG emission inventory working group established in the

scope of OSP with the same composition as the GHG emission inventory working group under CBCCAM.

The GHG national inventory is compiled by GHG Emission Inventory working group under the
coordination of TurkStat.

The institutions included in the working group are:

e  Turkish Statistical Institute (TurkStat),

e  Ministry of Energy and Natural Resources (MENR),

e  Ministry of Transport and Infrastructure (MoTI),

e  Ministry of Environment, Urbanization and Climate Change (MoEUCC),

e  Ministry of Agriculture and Forestry (MoAF).

The national inventory arrangements are designed and operated to ensure the TACCC quality objectives
and timeliness of the national GHG inventories. The quality requirements are fulfilled by implementing

consistently inventory quality management procedures.

Responsibilities of the institutions involved in the national GHG inventory are shown in Table 1.1.
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Table 1.1 Institutions by responsiblities for national GHG inventory

Filling in
CRF
Selection tables
of GHG and
Collection methods emission preparing Quality
Sector CRF category of AD and EFs calculations NIR control
1 —Energy
(Excluding 1.A.1.a
— Public electricity MENR,
and heat TurkStat TurkStat TurkStat TurkStat  TurkStat
production, and
Energy 1.A.3 — Transport)
1.A.1.a - Public
electricity and heat MENR MENR MENR MENR MENR
production
MoTI,
1.A.3 — Transport TurkStat MoTI MoTI MoTI MoTI
Industrial processes ga_s éSP)PU (except F- TurkStat TurkStat TurkStat TurkStat  TurkStat
and
product use F-gases MoEUCC MoEUCC MoEUCC MoEUCC MoEUCC
Agriculture 3 — Agriculture TurkStat TurkStat TurkStat TurkStat  TurkStat
Land use, land-use ;) cp MOAF MoAF MOAF MOAF  MOAF
change and forestry
Waste 5 — Waste TurkStat TurkStat TurkStat TurkStat  TurkStat
Cross cutting issues
Key category analysis
Y gory Y TurkStat

Uncertainty analysis

National Inventory Official Consideration and Approval

The national GHG inventory is subject to an official consideration and approval procedure before its
submission to the UNFCCC. The national inventory is subject to a two-step official consideration and
approval process. The final version of the NIR and CRF tables is first approved by the TurkStat
Presidency and published in the official TurkStat press release. The latest press release of Greenhouse
Gas Emissions Statistics can be found on Atips.//aata.tuik.gov.tr/Bulten/Index 7p=Greenhouse-Gas-
Emissions-Statistics-1990-2020-45862&di/=2 as scheduled on National Data Publishing Calendar.

Subsequently, The MoEUCC as National Focal Point to the UNFCCC provides final checks and approval
of the CRF tables via CRF web application tool as a final step prior to its submission to the UNFCCC.

TurkStat, as the Single National Entity, is responsible from official inventory submission to UNFCCC, and

also responsible for responding to the UNFCCC expert review team (ERT) recommendations on national
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inventory improvement and ensuring they are incorporated in the current and following NIR(s) in the

broader context of its continuous improvement.

1.2.2. Overview of Inventory Planning, Preparation and Management

The inventory planning system of Tirkiye is conducted in line with quality assurance and quality control
(QA/QC) plan. Planning stage is under the responsibility of GHG Inventory WG. Planning activities
include data collection and processing, selection of EF estimation methodology, compilation of CRF and
NIR, UNFCCC expert review team (ERT) recommendations, documentation and archiving, verification

through time series consistency and cross checks, reporting and publication process.

Every year in the autumn, about October, WG meeting is organized to agree on a work plan and calendar

for the following submission.

Information required for the inventory are mostly covered by OSP. Distribution of work for data
gathering, processing and estimation of emissions are shown in Table 1.1. Emissions originating from
energy, industrial processes and product use, agriculture and waste, and emissions and removals from
LULUCF are calculated at national level annually by using recommended approaches in 2006 IPCC
Guidelines. Fuel combustion emissions other than electricity generation and transport are calculated by
TurkStat via using the energy balance tables of the Ministry of Energy and Natural Resources. Emissions
from industrial processes (excluding F-gases), agriculture, waste and fugitive emissions from coal
mining, oil and gas systems are also calculated by TurkStat. The emissions originating from public
electricity and heat production are calculated on the basis of plant level data by the Ministry of Energy
and Natural Resources; the emissions originating from transportation are calculated by the Ministry of
Transport and Infrastructure. The fluorinated gases are calculated by the Ministry of Environment,
Urbanization and Climate Change. Emissions and removals from land use, land-use change and forestry

are estimated by the Ministry of Agriculture and Forestry.

Every sector expert that performs the emission estimation has responsible for the data entry to CRF
reporter, and prepare related section or sub-section of NIR. TurkStat compiles and make key source
and uncertainty analysis and do final quality checks, and submits the national GHG inventory to the
UNFCCC Secretariat.

TurkStat is also responsible from archiving the GHG inventory. Central archiving is carried out by
TurkStat. EFs, AD, calculation sheets, CRF and NIR outputs, etc. regarding the emission inventory are
archived on TurkStat main server. All inventory related documents are also archived by the in line

Ministries for the CRF categories under their responsibilities.

Turkish GHG Inventory Report 1990-2020




Introduction

1.2.3. Quality Assurance, Quality Control and Verification

QA/QC and verification procedures are an integral and indispensable part of the national GHG inventory
of Turkiye. The quality of the national inventory system is ensured by the QA/QC system, through the
QA/QC plan adopted by the CBCCAM decision in 2014 and revised and updated in 2017. The QA/QC
plan introduces the structure and purpose of the QA/QC system, endorse the quality objectives. The
main objective of the QA/QC plan is to ensure that the national GHG inventory is prepared in accordance
with the quality objectives: transparency, accuracy, comparability, consistency, completeness (TACCC)
as defined in UNFCCC reporting guidelines (24/CP.19). Turkiye also considers three additional quality

objectives as improvement, sustainability and timeliness.

Improvement: Processes ensure that the inventory represents the best possible estimates of GHG
emissions and sinks for all categories, given the current state of scientific knowledge, data availability
and national resources, taking into account information gained and lessons learned from reporting and

review in the latest GHG inventory cycle.

Sustainability: Processes ensure the continuity of the GHG inventory system through institutional
memory by establishing a documentation/archiving system and methodological manuals, as well as a

training package for newcomers and periodic refreshment trainings for existing inventory experts.

Timeliness: All of the QA/QC procedures are developed with a view to enabling the timely submission
of the NIR and the accompanying CRF tables to the UNFCCC by 15 April each year. In addition, inventory
inputs, references and materials should be transparently documented and accessible, to enable timely
responses to external requests for information, including during formal and informal inventory review

processes.

Together with verification, the implementation of QA/QC procedures are considered integral part of
national inventory preparation and play a pivotal role not only to achieve the quality objectives but also

for continuous reassessing and improving the national inventory where needed.

TurkStat is the designated body for overall implementation of the QA/QC system and for ensuring
coordination of the QA/QC activities.

Quality Control (QC) is a system of routine technical activities to assess and maintain the quality of the
inventory as it is being compiled. It is performed by personnel compiling the inventory. QC activities
include general methods such as accuracy checks on data acquisition and calculations, and the use of
approved standardised procedures for emission and removal calculations, measurements, estimating
uncertainties, archiving information and reporting. QC activities also include technical reviews of

categories, activity data, emission factors, other estimation parameters, and methods.
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The data used in the preparation of the national GHG inventory for the IPPU, agriculture, and waste
sectors are obtained from industrial production statistics, agricultural statistics, and waste statistics
databases of TurkStat. TurkStat is producing all its statistics according to the European Statistics Code
of Practice which covers a common quality framework in the European Statistical System. Therefore,

high quality data are used in the inventory.

In Tirkiye, in addition to data available from national statistics, some plant-level data are used to
estimate input parameters for emissions calculations. No QC procedures are available for data providers
at the moment. If data are official statistics from TurkStat, then it is ensured that the statistics are
produced in line with the EU code of practice. However, if the data source is not from the official

statistics QC can be performed by the inventory team.
In detail, with regard to QC the following rules and steps apply:

e Each institution involved in national inventory development is responsible for its own QC
general and category specific activities,

e Both general and category specific QC activities are carried out by sectorial QC experts
within the Institutions, using the ad hoc check lists attached in Annex II (general QC)
and Annex III (category specific) of the QA/QC plan,

e Check lists are filled in by sectorial QC experts for the CRF categories under their
responsibility and sent to TurkStat with an official letter,

e  TurkStat files the letters,

e  QC sectorial experts make the corrections needs emerging from the QC activities,

e  TurkStat prepares a summary of the QC results,

e An improvement plan is prepared by the national inventory team under TurkStat

coordination.

The QA/QC plan (approved in 2017) including above mentioned annexes can be found at

https.//biruni.tuik.gov. tr/yayin/views/visitorPages/english/index.zul.

Criteria for assessing achievement of quality objectives is given below in Table 1.2.
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Table 1.2 Criteria for assessing achievement of quality objectives

Data quality
objective

Criteria for assessing achievement of quality objective

Accuracy

Emissions are neither overestimated or underestimated as far as can
be judged,
Uncertainty estimates are provided for AD, EF, and emissions in each

category for the base year, the most recent year, and the trend.

Comparability

Tirkiye applies methods from the 2006 IPCC Guidelines, in
accordance with the significance of the category in the country (e.g.,

whether or not it is a key category) and national circumstances.

Completeness

All categories for which methods are provided in the 2006 IPCC
Guidelines are included in the national GHG inventory,

Emissions estimates cover the entire geographic area of Tiirkiye,
Emissions values or notation keys are provided for each cell in the
CRF tables,

If despite the best efforts, emissions for a category for which
methods are provided in the 2006 IPCC Guidelines cannot be
provided, the situation regarding the lack of reporting is

transparently described in the NIR.

Consistency

Tirkiye has applied the same method across the time series for a
given category and can explain the trends observed in the time
series,

If the same method is not used for the entire time series in a
category, Tirkiye can explain (and documents in the NIR) why the

selected method(s) ensure time series consistency.

Improvement

The national inventory improvement plan is updated with the
recommendations and encouragements from the relevant review
processes (e.g. UNFCCC) and QA/QC summary reports,

Tirkiye implements findings from review processes where feasible.

Sustainability

All inventory related documents (NIR, data sheets, EFs, CRF tables)
are archived annually,

All information on choice of methodology, EFs and parameters,
assumptions used, are documented and updated as needed,

All methodological manuals are prepared and updated as needed.
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Table 1.2 Criteria for assessing achievement of quality objectives (cont'd)

Data quality Criteria for assessing achievement of quality objective
objective
Timeliness e Inventory is submitted to the UNFCCC by 15 April annually,

e  Turkiye is able to timely respond to questions from the UNFCCC ERT.

Transparency e Information necessary to reproduce the emissions estimates is either
provided in the annual submission or referenced therein,

e  The elements required to be included in the NIR per paragraph 50 of
the annex to decision 24/CP.19 are included, in particular clear
descriptions of:

e  All methods selected and models used

e Values and sources of AD, EFs and other parameters

¢ Relevant information on key categories and uncertainties

e Recalculations are clearly explained

e  Completeness of the inventory

e Changes in response to the review process

e  Description of the national inventory arrangements.

General QC Procedures

General QC procedures include generic quality checks related to calculations; data processing,
completeness, and documentation that are applicable to all inventory source and sink categories.
General QC procedures are applied routinely to all categories by sector experts using the check lists
attached in Annex II of the QA/QC plan during the acquisition of data and the emissions calculation

procedures and during the compilation of NIR and the CRF tables.

Each sector expert should fill and sign the check list that the necessary QC checks were undertaken.
Each sector expert should carry out immediate corrections of the input data/emissions calculations
where errors are found. If an issue cannot be resolved during the current inventory submission, the
sector experts should include an explanation for aspects still posing problems along with a
recommendation(s) for future work on these issues. Such issues may then be incorporated into the
inventory improvement plan. A copy of the completed checklist is sent to TurkStat and is archived in
TurkStat.
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The types of activities and procedures undertaken by sectoral experts include, but are not limited to:

e  Cross-check descriptions of AD, EFs and other estimation parameters with information
on categories and ensure that these are properly recorded and archived. This step
includes ensuring that definitions and assumptions for the underlying AD match the
definitions of categories used in the GHG inventory. In some cases, data collected from
national statistics may have different coverage than that required for inventory
preparation,

e  Ensure that the time series of input EF, AD and other parameters are justifiable, and that
any outliers can be explained by national circumstances,

e  Ensure that proper bibliographic information is available and documented in the archives
for all input parameters,

e  Cross-check a sample of input data to ensure that there are no transcription errors,

e Where AD or EF data are obtained from plant operators Tirkiye plant level data are
compared with previous data and related indicators (kwh/TJ, kwh/m?3 CHa4) and published
national data,

e  Check that units are properly labeled for all input data and, for a subset of parameters,
correctly transcribed and applied in the emissions calculation spreadsheets,

e Where a parameter is based on expert judgement, is identifying information for the
expert (including their affiliation and any relevant expertise) documented and archived,

e Has the sector expert identified where recalculations of previous input data have been
undertaken? Qualitative reasons for, and the quantitative impacts of, these recalculations
should be documented in the NIR.

Category-Specific QC Procedures

Category-specific QC procedures complement general inventory QC procedures and are directed at
specific types of data used in calculating GHG emissions for individual source or sink categories. These
procedures require knowledge of the specific category, the types of data available and the parameters
associated with emissions or removals, and are performed in addition to the general QC checks.
Category specific QC procedures are also applied by sector experts using the check lists attached in
Annex III of the QA/QC plan.

Each sector expert should fill and sign the check list that the necessary QC checks were undertaken,
and summarizes the unsolved issues. A copy of the completed checklist is sent to TurkStat and is
archived in TurkStat.
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The types of activities and procedures undertaken by sectoral experts include, but are not limited to:

e Assumptions for AD, EFs and other parameters are compared with IPCC values and
significant differences are noted,

e National and regional comparability and trends of AD, EF or other assumptions are
checked against alternative data sources,

e  Conduct of an in-depth review of the background data used to develop a country-specific
EF, including the adequacy of any plant-level measurement programmes upon which the
country-specific EF was developed. Such an in-depth review may also involve an
assessment of any national literature used in support of the development of the country-
specific factor,

e Evaluate any peer reviewed literature evaluating national or plant level statistics and
suitability for the use in the GHG inventory,

¢ Hand-checking the accuracy of random calculations,

e To the extent possible, are the only hardwired data in the spreadsheets the basic input
data (e.g., AD, EFs and assumptions) with all other spreadsheets using spreadsheet tools
to link and calculate emissions,

e Reviewing the time series consistency of emissions calculations for any outliers and
compare whether the values are within the minimum — maximum interval of other
Parties,

e Checking a random sampling of conversion factors to ensure proper calculation from
input data to emissions calculations,

e Is the IEF calculated reasonable compared with the previous annual submission and with
the 2006 IPCC Guidelines,

e Isthe time series of the IEF reasonable- are any large changes explainable,

e  Checking that confidentiality is assured by Statistics Law of Tirkiye,

e Are emissions estimates (or notation keys) available for all years of the time series for
mandatory categories, from 1990 to the year “t-2” and do the emissions estimates cover
all sources in the category (as determined by cross checks using other publicly available
information),

e Identify parameters (e.g., AD, constants) that are common to multiple categories and
confirm that there is consistency in the values used for these parameters in the
emission/removal calculations. This is particularly important when reviewing calculations
for the agriculture and LULUCF sector, as well as when reviewing input data between the

reference and the sectoral approach.
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QC Procedures Applied to Compiled NIR and CRF Tables

TurkStat undertakes further quality checks on compiled CRF and NIR. The types of activities and

procedures undertaken include:
CRF tables

NIR

Completeness of all cells in the CRF tables with either a value or a notation key,
Appropriateness of notation keys used ,

Where the notation key “NE” or “IE” is used, whether an appropriate description is
included in CRF table 9 to indicate why data are not reported (in the case of “"NE”) or
where data are reported (in case of “IE"),

Where emissions data are reported as confidential, it is ensured that emissions are
included elsewhere (properly aggregated to assure confidentiality of information) and,
therefore, included in national totals,

Check whether appropriate tiers are used for key categories, in accordance with the
decision trees in the 2006 IPCC Guidelines. Where appropriate tiers are not used, is an
appropriate discussion included in the NIR to document the national circumstances
surrounding the methodological choice?

Review of documentation boxes of the CRF tables for appropriate content and language.

All tables, figures and text have been updated to reflected the latest annual data,

Does the description of trends match the trends seen taking into account the latest year,
and any recalculations of earlier years’ data,

Check the introductory chapters and annex to make sure that the data contained therein
match the latest inventory data,

Have all recalculations identified been documented in the NIR and the impacts of the
recalculation described?

Assessment of completeness of the category described in the NIR,

Consistent use of units in the NIR and the CRF tables,

A general check of the NIR should be done for consistency,

All references should be included in the NIR and the same reference should be referred
to consistently across chapters,

Ensure that all web links are active and direct the readers to the appropriate content.
After inventory submission to UNFCCC,

Ensures that all inventory related materials were archived by inventory sectoral experts.
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In 2019 submission, emissions from energy, IPPU and agriculture sectors were calculated on SAS
(Statistical Analysis System) and it was double checked by the calculations on the Excel sheets by two

different experts and any findings were corrected.
Quality Assurance

Quality Assurance (QA) is a planned system of review procedures conducted by personnel not directly
involved in the inventory compilation/development process. Reviews, preferably by independent third
parties, are performed upon a completed inventory following the implementation of QC procedures.
Reviews verify that measurable objectives (data quality objectives) were met, ensure that the inventory
represents the best possible estimates of emissions and removals given the current state of scientific

knowledge and data availability, and support the effectiveness of the QC programme.

Due to the comprehensive and costly nature of QA activities, these procedures are only applied for

selected categories and selected years, and generally only for key categories.

Our approach to QA is to prioritize:
e  The categories that have high uncertainty,
e The categories that are recalculated,

e  The categories that were included in the improvement plan.

In Tirkiye, QA activities are conducted by experts in the scope of European Union (EU) funded Projects.
For this purpose, first, in the scope of EU funded Upgrading the Statistical System of Tirkiye project,
external experts from EU countries were invited to review Turkish GHG Inventory for all categories
before in-country review in 2014. Some improvements has been achieved based on review outputs of

the EU inventory experts.

Also the EU funded Project named as Technical Assistance for Support to Mechanisms for Monitoring
Tirkiye's GHG Emissions, project period was January 2015 - April 2017, aimed to strengthen existing
capacities in Turkiye and assist the country to:
e  Fully implement a monitoring mechanism of GHG emissions in Tirkiye, in line with the
EU Monitoring Mechanism Regulation 525/2013 repealing Decision 280/2004/EC, and
e Better fulfill its reporting requirements to the UNFCCC, including national GHG
inventories, National Communications and Biennial Reports.
Under the technical assistances of experts from project team national GHG inventory was reviewed and

improved through workshops, mentor style trainings, and meetings organized.
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For the period 2017-2019, TurkStat was responsible for implementing an investment project with the
objective of improving the GHG Inventory. Under this project, a QA work was conducted for the

agriculture sector in 2017. Likewise, another QA work was conducted for the energy sector in 2018.

“Technical Assistance for New Era for Statistics Programme” which is co-funded by the European Union
and the Republic of Tirkiye, has been started since March 2019. Within the scope of this project, under
sub-activity “National Greenhouse Gas Inventory”, the experts from CITEPA — Technical Reference
Center for Air Pollution and Climate Change — provided QA works for the energy, IPPU, agriculture and

waste sectors of the Turkish GHG Inventory between December 2019 and February 2020.

In addition, GHG inventory submission of Tiirkiye is subject to review by an international team of experts
on an annual basis in accordance with decision 13/CP.20. During the review week, Tirkiye ensures that
all institutions, organizations and responsible sector experts are available to provide necessary
information and supporting documentation to the review team in a timely manner. The Expert Review
Team (ERT) then develops an annual review report based on the findings of the review. These annual
review reports are considered as supplementary to the QA procedures undertaken by experts in Tlrkiye.
Findings in the annual review reports are considered feedback for improvement of the GHG inventory,

and as such are included in inventory improvement plan of Turkiye.
Verification

Verification activities typically include comparing inventory estimates with independent estimates to
either confirm the reasonableness of the inventory estimates or identify major discrepancies. Verification
activities may be directed at specific categories or the inventory as a whole, and their application will

depend on the availability of independent estimation methodologies that can be used for comparison.

Each institution involved in national inventory development is responsible for its own verification

activities. Sectorial experts within the Institution carry out the activities.

In Tarkiye, some level of verification happens on an annual basis, as Tirkiye estimates and reports CO:
emissions from fossil fuel combustion based on both the reference approach and the sectoral approach.

Differences in the emissions estimated using these two approaches are described in the NIR.

The national GHG emissions in the energy sector are estimated by using fuel consumption data taken
from energy balance tables produced by the MENR. These data are compared with International Energy
Agency (IEA) data. Inconsistencies between two data sets are identified and the reasons for these

inconsistencies are investigated.
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Also lower tier IPCC methods applied for comparison in especially energy sector. Emissions calculated
and reported on the basis of higher tiers (Tier 2 or Tier 3) are compared with emissions calculated by
Tier 1 method.

In current situation, in Tirkiye, there is no other emission calculation to compare whole inventory or
sub-sectors. However, Regulation on the Monitoring of Greenhouse Gases has been came into force
since 2012. In the scope of that Regulation, companies report their verified GHG emissions to the
MoEUCC from 2017 onwards. GHG emissions from most of the IPCC categories are compared with those

emissions reported under the MRV Regulation.
Documentation and Archiving

Regarding, documentation and archiving, all sectoral experts archive all inputs used in the inventory
process, outputs, selected EFs, work files, e-mails and official letters on their computer, on a network
server with restricted access or on an external drive as softcopy or as hardcopy. Archiving is done
according to Regulation on State Archive Services. Sectoral experts are responsible for archiving in their

own institutions.

Central archiving is carried out by TurkStat. EFs, AD, calculation tables, CRF and NIR outputs, etc.
regarding the emission inventory are stored on TurkStat main server. Sectoral experts transfer EFs, AD
and calculation tables used in emission calculations to TurkStat within 6 weeks following the date of

submission of the Annual Inventory to UNFCCC Secretariat.

1.3. Brief Description of the Process of Inventory Preparation

Inventory preparation of Tirkiye starts with inventory planning which covers recalculations,
methodological improvements and refinements according to quality management and improvement
plans based on learning from previous inventory cycle, UNFCCC review reports and collaborations with
government institutions. Reviewing the calculation methods are finalized by the end of November and
the data collection process is completed by the end of December. After that, in January and February,
emissions are estimated. QC checks and estimates are done by experts in mid-February. NIR text and
CRF tables are then prepared according to UNFCCC guidelines. The inventory process also involves key
category assessment, recalculations, uncertainty assessment, documentation and archiving. Main steps
in the annual inventory preparation process are summarized below in Table 1.3 with starting and ending

dates.
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Table 1.3 Time schedule for preparation of the “t-2"” annual inventory submission

Activity Start date Deadline

Inventory planning by GHG Inventory WG

1. (Creating Inventory Improvement Plan, recalculation, 01.05.XX-1 30.09.XX-1
etc.)
Reviewing emission calculation methods, EFs, AD : :

2 sources, etc. by GHG Inventory WG 15.09.Xx-1 30.11.XX-1

3. _Collection of AD and QC of the data by the institutions 01.11.XX-1 31.12.XX-1
involved
Calculation of all emissions from electricity production,
transportation, F-gas, emissions and removal from :

4. LULUCF by the related Institutions, and transfer to 15.12.X%-1 15.02.XX
TurkStat.

5. Calculation of emissions under the responsibility of 15.12.XX-1 15.02.XX
TurkStat

6. QC of the calculated emissions 15.12.XX-1 15.02.XX

7. AD and emission entry to CRF reporter by sectoral 15.02.XX 15.03.XX
experts

8. Performing key source, trend and uncertainty analysis 15.02.XX 15.03.XX
by TurkStat
Preparation of Emission Inventory Report by the

2. institutions involved and compilation by TurkStat 15.02.XX 31.03.XX

10. Approval of Natlongl GHG Emission Inventory by 01.04.XX 10.04.XX
Inventory Focal Point

11. Release of the National GHG Inventory as press release 01.04.XX 15.04.XX
on TurkStat webpage.

12. Reporting of Inventory to UNFCCC Secretariat by 10.04.XX 15.04.XX
TurkStat

13. Documentation and archiving processes 15.04.XX 30.05.XX
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1.4. Brief General Description of Methodologies and Data Sources

The National GHGs are calculated by using 2006 IPCC Guidelines. CO2 emissions from energy are
calculated by using Tier 2 (T2) approach except for biomass and other fossil fuels. CH4 and N20
emissions from all subcategories of energy excepting 1Ala category are calculated by using Tier 1 (T1).
Technology specific EFs are used for CH4 and N20 emissions from 1Ala category. For the emissions

from coke production, due to plant specific data are gathered, Tier 3 (T3) methodology are used.

For industrial process and product use, T2 methodology was used for the CO2 emissions from cement
production, ammonia (NHs) production. T3 methodology is used for CO2 emissions from iron and steel
production and GHG emissions from aluminum production. For the emissions from rest of the IPPU
categories, T1 methodology was used.

For agriculture sector; T2 is used for emissions from cattle enteric fermentation. For the other categories
T1 methodology was used.

For LULUCF; T2 methodology was used for the emissions/removals from forestland, cropland, grassland

and emissions from harvested wood product (HWP). For the other categories T1 methodology was used.

In waste sector; for the CO2 emissions from open burning of waste, which is only CO2 emission source
for waste sector is calculated by using T2 method. For CH4 emissions from solid waste disposal and
wastewater treatment and discharge, T2 methodology was used while T1 was used for the other non-

key categories. For N2O emissions, T1 methodology was used for all relevant categories.

All tier methodologies are summarized on sector basis in below Table 1.4.
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Table 1.4 Summary for methods and emission factors used, 2020

Greenhouse Gas Source and Sink €0: ___ CH, __ Nz0 __
Categories Meth_od Emission Meth_od Emission Meth_od Emission
applied factor applied factor applied factor
1. Energy T1,T2,T3 CS,D,PS  T1,T2,T3 CS,D,PS  T1,T2,T3 CS,D,PS
A. Fuel combustion T1,T2,T3 CS,D,PS  T1,T2,T3 CS,D,PS  T1,T2,T3 CS,D,PS
1. Energy industries T2,T3 CS,D,PS T2,T3 D,PS T2,T3 D,PS
2. Manufacturing industries and construction T1,T2 Cs,D T1 D T1 D
3. Transport T1,T2 CS,D T1,T2 CS,D T1,T2 CS,D
4, Other sectors T1,T2 Cs,D T1 D T1 D
B. Fugitive emissions from fuels T1 D T1 D T1 D
1. Solid fuels NE NE T1 D NE NE
2. Oil and natural gas T1 D T1 D T1 D
C. CO: transport and storage T1 D _
2. Industrial processes and product use T1,T2,T3 CS,D,PS T1 D T1 D
A. Mineral industry T1,T2 sp e
B. Chemical industry T1,T2 CS,D NE NE T1 D
C. Metal industry T1,T2,T3 CS,D,PS T1 D NE NE
D. Non-energy products from fuels T1 D NE NE NE NE

and solvent use

. Electronic industry

. Product uses as ODS substitutes

. Other product manufacture and use
. Other

. Agriculture

. Enteric fermentation

. Manure management

. Rice cultivation

. Agricultural soils

. Prescribed burning of savannas

. Field burning of agricultural residues
. Liming

. Urea application

Other carbon-containing fertilizers

OO0 W20 ITOTTMOO®>AEESITEOITMOOI®P>WIOMTM

Other
. Land use, land-use change and forestry T1,T2 Cs,D T1 D T1 D
. Forest land T2 D
. Cropland T1,T2 D
. Grassland T1,T2 D
. Wetlands T1,T2 D
. Settlements T1

Other land T1
. Harvested wood products T2
. Other NO

Waste T2 CS,D T1,T2 CS,D T1 D
. Solid waste disposal T2 CS,D _
. Biological treatment of solid waste T1 D T1 D
. Incineration and open burning of waste T1 D T1 D
. Waste water treatment and discharge T2 CS T1 D

Table 1.5 provides an overview for inventory data sources by sectors;
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Table 1.5 Activity data sources for GHG inventory

Sector Category Activity data source
MENR Energy balance sheet-sectoral fuel consumption
Energy — 1 data (for sectoral approach) and fuel supply data (for
(excluding 1.A.1 — Energy reference approach)
llt‘ril;sstrgr‘?ggoill)As - Directorate of Energy Efficiency and Environment and
P PETKIM - waste incineration data
Public electricity and heat MENR - Facility base electricity and heat production
Energy production — 1.A.1.a statistics
Petroleum Refining— 1.A.1.b TUPRAS-fuel consumption data
Manufacture of solid fuels and Integrated iron and steel plants- fuel consumption for
other energy industries— 1.A.1.c  coke production
. TurkStat-road vehicle fleet and vehicle-km travelled,
Transportation — 1.A.3 MENR, MAPEG - fuel consumption by transport mode
MoTI/DG of State Airports Authority - air traffic data
2 A1.Cement Turkish Cement Manufacturer’s Association- production
M data, Producers- production data and EF
Turkish Lime Association- production data,
2.A.2. Lime Producers- production data and EF,
Steel plants- production data
2.A.3 Glass Producers- glass production data and parameters
Turkish Ceramics Federation- production data,
2.A.4 Other process uses of Producers- production and raw material consumption
carbonates data, TurkStat- Industrial production and foreign trade
statistics
Producers- production and fuel consumption data
2.B.1. Ammonia Prod. BOTAS (Petroleum Pipeline Corporation)- Carbon content
of natural gas
2.B.2 Nitric Acid Prod. Producers- production data and technology
2 B.5. Carbide Prod. TurlfSFat-Fore|gn trade statistics and industrial production
statistics,
Industrial 2.B.7. Soda ash prod. Producers- production and raw material data

Process and
Product Use

2.B.8. Petrochemical and
carbon black prod.

2.C.2. Iron and Steel Prod.
2.C.2. Ferroalloy prod.

2.C.3 Aluminium Prod.
2.C.5. Lead Prod.
2.C.6. Zinc Prod.

2.D.1. Lubricant Use
2.D.2. Paraffin wax use

2.E. Electronic industry

2.F. Product uses as substitutes
for ODS

2.G.1. Electrical equipment

Producers- production data

Producers- production data and other parameters
Turkish Steel Producers Association- production data

Producers- production data
TurkStat- Industrial production statistics

Producer- production data and other parameters

TurkStat- production data
Producers- production data

MENR- consumption data
MENR- consumption data
TurkStat - trade statistics
Ministry of Trade (MoT) - trade statistics

MoT - trade statistics - Turkish Electricity Transmission
Corporation (TEIAS)
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Table 1.5 Activity data sources for GHG inventory (cont’'d.)

Sector Category Activity data source
TurkStat -
Livestock population
Crop production data
Waste disposal and treatment statistics

Agriculture Agriculture — 3
General Directorate of Meteorology - Temperature data

MoAF- Inorganic N Fertilizers application data, urea
application data

MoAF (General Directorate of Forestry) -
Landsat Satellite Images
Copernicus HRL for Forest (Sentinel)
The ENVANIS (Inventory Statistical System for Forests)
The annual commercial cutting and fuel wood data
The annual forest fire information
Land Use, The annual illegal cutting and wood gathering information
Land Use
LULUCF - 4
Change and MoAF (General Directorate of Agricultural Reform) -
Forestry Landsat Satellite Images
CORINE land use maps
LPIS

General Directorate of State Hydraulic Works - the data of
dam constructions

TurkStat -
Waste disposal and treatment statistics
Wastewater discharge and treatment statistics
GDP
Population estimations and projections

Waste Waste =5 TurkStat - waste composition data
Composting plants - amount of composted waste

Methane recovery facilities - amount of methane recovered
from landfills and wastewater treatment plants

1.5. Brief Description of Key Source Categories

The 2006 IPCC Guidelines for National GHG Inventories (2006 IPCC Guidelines) recommend as good
practice the identification of key categories of emissions and removals. The intent is to help inventory
agencies prioritize their efforts to improve overall estimates. A key category is defined as “one that is
prioritized within the national inventory system because its estimate has a significant influence on a
country’s total inventory of GHG in terms of the absolute level of emissions and removals, the trend in
emissions and removals, or uncertainty in emissions and removals” (2006 IPCC Guidelines); this term is

used in reference to both source and sink categories.
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For the 1990-2020 GHG inventory, level and trend key category assessments were performed according
to the recommended IPCC approach found in Volume 1, Section 4.3.1, of the 2006 IPCC Guidelines.

The details of key category analysis are given in Annex 1.

Based on the key category with and without LULUCF, the followings are determined as key source in
2020.

Table 1.6 Key categories for GHG inventory, 2020
Criteria used

for key source Key Key
identification ~ category category
— exc. inc.

Key Categories of Emissions and Removals Gas L T LULUCF LULUCF
1.A.1 Fuel combustion - Energy Industries - Liquid Fuels CO2 X X X X
1.A.1 Fuel combustion - Energy Industries - Solid Fuels CO2 X X X X
1.A.1 Fuel combustion - Energy Industries - Gaseous Fuels CO2 X X X X
1.A.2 .Fuel combustion - Manufacturing Industries and Construction co, X X X X
- Liquid Fuels
1.A.2. Fuel combustion - Manufacturing Industries and Construction 0> X X X X
- Solid Fuels
1.A.2 Fuel combustion - Manufacturing Industries and Construction co, X X X X
- Gaseous Fuels
1.A.2 Fuel combustion - Manufacturing Industries and Construction

- CO2 X X X
- Other Fossil Fuels
1.A.3.b Road Transportation CO2 X X X X
1.A.4 Other Sectors - Liquid Fuels CO2 X X X X
1.A.4 Other Sectors - Solid Fuels CO2 X X X X
1.A.4 Other Sectors - Gaseous Fuels CO2 X X X X
1.A.4 Other Sectors - Biomass CO2 X X X
1.B.1 Fugitive emissions from Solid Fuels CHa4 X X X X
1.B.2.b Fugitive emissions from Fuels - Oil and Natural Gas - CHa X X X
Natural Gas
2.A.1 Cement Production CO2 X X X X
2.A.2 Lime Production CO2 X X X X
2.A.4 Other Process Uses of Carbonates CO2 X X X X
2.C.1 Iron and Steel Production CO2 X X X X
2.C.3 Aluminium Production F-gases X X
2.F.6 Other Applications F-gases X X X X
3.A Enteric Fermentation CHa4 X X X X
3.B Manure Management CHa4 X X X X
3.B Manure Management N0 X X X X
3.D.1 Direct N2O Emissions From Managed Soils N0 X X X X
3.D.2 Indirect N2O Emissions From Managed Soils N20 X X X X
4.A.1 Forest Land Remaining Forest Land CO. X X X
4.G Harvested Wood Products CO2 X X X
5.A Solid Waste Disposal CH4 X X X X
5.D Wastewater Treatment and Discharge CHa4 X X X X
5.D Wastewater Treatment and Discharge N0 X X

Note: L: Level assessment; T: Trend assessment
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Based on the results of the key category analysis, it is tried to increase the Tiers in emissions/removals
estimation. However due to resource restrictions, Tier 1 approaches have to be used for some key
categories, such as CH4 emissions from other sectors, solid fuels and oil and gas systems in energy
sectors, CH4 emissions from manure management, N2O emissions from agricultural soils and wastewater

treatment and discharge. Efforts to increase the tiers for all key categories is continuing.

1.6. General Uncertainty Evaluation

For calculation of uncertainty, error propagation method (Approach 1) for combining uncertainties, as

outlined in Volume 1 (Chapter 3) of the 2006 IPCC Guidelines for National GHG Inventories (2006 IPCC
Guidelines) is used. Also for some key categories and non-key categories Monte Carlo Simulation
(Approach 2) is implemented. Please refer to Annex 2 for more detailed explanations and distributions
of applied techniques. However, general combined uncertainty is estimated with Approach 1 due to the

lack of calculated categories.

The general procedures for uncertainty analysis based on the expert judgment are as follows;

e Uncertainties of each activity are allocated by using EFs and AD uncertainties,
e  Emissions are estimated for each (CO2, CH4, N20O, HFCs, PFCs and SFs) gases,
e  The uncertainties for industrial processes data are estimated by TurkStat,

e  The uncertainties of F-gases data are estimated by MoEUCC,

e  The uncertainties of agricultural activities data are estimated by TurkStat,

e  The uncertainties of waste data are estimated by TurkStat,

e The uncertainties for sectoral energy usage data are estimated by MENR,

¢  The uncertainties of transport data are estimated by MoTI,

e  The uncertainties of forestry and other land use data are estimated by MoAF.

Quantitative estimates of the uncertainties in the emissions are calculated using direct sectoral expert
judgement based on the data collection matters considering completeness, accuracy and other
parameters. The overall combined uncertainty with LULUCF is 10.4%, and 6.0% without LULUCF by

means of Approach 1.
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1.7. General Assessment of Completeness

Completeness by source and sink categories: The inventory is considered to be largely complete with
only a few minor sources not estimated, due to either a lack of available information. These sources are
considered to be insignificant, when compared with the inventory as a whole. The categories given in

Annex 5 were not estimated due to insufficient data or methodology.

Completeness by geographical coverage: Geographical coverage of the inventory is complete. It includes

all territories of Tirkiye.

A complete set of CRF tables are provided for all years and estimates are calculated in a consistent

manner.

Complete list of source/sink categories reported as “"NE” and “IE" is given in Annex 5.

Turkish GHG Inventory Report 1990-2020
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2. TRENDS IN GREENHOUSE GAS EMISSIONS

2.1. Emission Trends for Aggregated Greenhouse Gas Emissions

Total GHG emissions, excluding the LULUCF sector, were 523.9 Mt CO:z eq. in 2020. This represents an
increase of 304.2 Mt CO2 eq. (138.4%) on total emissions in 1990 and an increase of 15.8 Mt CO:2 eq.
(3.1%) in 2019.

Net GHG emissions, including the LULUCF sector, were 466.9 Mt COz eq. in 2020. This represents an
increase of 303 Mt CO2 eq. (184.8%) on net emissions in 1990 and an increase of 42.9 Mt CO: eq.
(10.1%) in 2019.

Figure 2.1 presents total and net GHG emissions from 1990 to 2020.

Figure 2.1 Emission trend for aggregated GHG emissions, 1990-2020
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There is a positive trend in the total emissions over the period 1990-2020. However, economic
recessions had directly caused reductions in the total GHG emissions in 1994, 1999, 2001 and 2008. In
these years, total emissions are decreased by 2.5%, 0.9%, 6.4% and 0.9% as compared to the previous
year’s emissions respectively. Although there is no economic recession, total emissions are slightly
decreased by 1.8% in 2013, 0.8% in 2018 and 3.0% in 2019.

The fluctuations in the emission trends are mainly due to the trends in economic activities. Therefore,
GDP can be thought as the main driver of the GHG emissions in Tiirkiye. It has nearly the same pattern
as total GHG emissions for the period 1990-2020. It reached 717 billion USD in 2020 from 149 billion
USD in 1990. While the Real GDP figures of the World Bank until 2019 were used for comparison, the
official GDP ($) figures of TurkStat started to be used in 2020.

Population data is another driver of the emission trends in national inventories. The mid-year population
of Tirkiye increased about 51.3% for the period 1990-2020. While it was 55.1 million in 1990, it reached
83.4 million in 2020. Accordingly, CO2 eq. emissions per capita are 6.3 t in 2020, while it was 4.0 t in
1990.

Figure 2.2 shows trends on various statistics related to Turkish greenhouse gas emissions normalized
to 1990 as a baseline year. These values represent the relative change (in comparison with previous
year for every year) in each statistic since 1990. The direction of the emissions per $ of GDP trend
started to change after 2002, when GDP (in current price) began to peak, while population and

emissions per capita continued to increase slightly.

Figure 2.2 Trends in emissions per capita and dollar of GDP relative to 1990
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Table 2.1 gives summary data for GHG emissions for some selected years between 1990 and 2020.

Table 2.1 Aggregated GHG emissions by sectors

(Mt CO, eq.)
Sector 1990 2000 2005 2010 2015 2016 2017 2018 2019 2020
{::? LULUCF)  219.72 299.01 336.99 398.68 474.47 500.75 528.31 524.04 508.08 523.90
Energy 139.60 216.02 244.45 287.84 341.98 361.69 38239 374.14 365.41 367.58
IPPU 2298 2631 3370 4898 59.21 63.45 6641 67.97 5858 66.76
Agriculture 46.05 4233 4244 44.41 56.13 58.89 63.26 6534 68.02 73.16
Waste 11.08 1434 16.40 1745 17.14 1672 1625 1659 16.07 16.40
LULUCF -55.74 -61.57 -74.54 -73.62 -97.54 -95.97 -99.83 -94.41 -84.03 -56.95
Comp. to 1990 (%) - 3609 53.37 81.45 11594 127.90 140.45 138.50 131.24 138.44

In overall 2020 emissions excluding LULUCF, the energy sector had the largest portion with 70.2%. The
energy sector was followed by the sectors of agriculture with 14%, IPPU with 12.7% and waste with
3.1%. In Figure 2.3 fluctuations of whole sectors can easily be seen for the entire period starting with
1990.

Figure 2.3 GHG Emissions and sinks by sector, 1990-2020
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2.2. Emission Trends by Gas

Total CO2 emissions (excluding LULUCF) increased by 172.6% from 1990 to 2020. CH4 emissions
(excluding LULUCF) increased by 50.6% and N20 emissions (excluding LULUCF) increased by 62.2%.

Total CO2 emissions (including LULUCF) increased by 271.8% from 1990 to 2019. There are no
significant changes in other GHGs by taking into account the LULUCF sector. CH4 emissions (including
LULUCF) increased by 50.6% and N20 emissions (including LULUCF) increased by 62.6%.

As shown in Figure 2.4, the CO2 emissions show a general increasing trend, while N0

and CH4 emissions are not changing considerably.

Figure 2.4 Emission trend of main GHGs, 1990-2020
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Table 2.2 gives summary data for GHG emissions by gas for some selected years between 1990 and

2020.
Table 2.2 Aggregated GHG emissions excluding LULUCF

(Mt CO; eq.)
Gas 1990 2000 2005 2010 2015 2016 2017 2018 2019 2020
Total 219.72  299.01 336.99 398.68 474.47 500.75 528.31 524.04 508.08 523.9
CO; 151.66 229.86 264.77 316.04 384.33 405.30 430.22 422.57 401.72 413.43
CHa4 42.48 43.66 45.15 51.61 52.78 55.56 56.78 60.35 63.14 63.99
N.O 24.95 24.77 25.34 27.45 32.32 3441 35.59 35.46 36.98 40.47
HFCs NO 0.12 1.15 3.05 4.80 5.26 5.53 5.50 6.06 5.85
PFCs 0.63 0.60 0.56 0.46 0.16 0.14 0.07 0.04 0.06 0.04
SFs NO 0.01 0.02 0.07 0.08 0.08 0.12 0.13 0.12  0.12

Figure 2.5 shows trends in the index for each year compared to previous year by gas for the 1990-2020
period. 1990 is assumed as “100” for indexing. All gases are showing an increasing trend compared to
1990 and also to previous years in general. The sharpest trend belongs to F-gases since they increased
by 861% in proportion to 1990.

Figure 2.5 Trends in emissions by gas relative to 1990
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Carbon Dioxide (CO2)

In 2020, CO2 emissions are 413.4 Mt (excluding LULUCF), 2.9% above the 2019 level and 172.6% above
the 1990 level. Figure 2.6 illustrates the trend in CO2 emissions. It is seen that CO> emissions are
dominated by the energy sector which is the main driver for the rising trend in emissions. This situation
is caused by the growing industrial sector and population in Tirkiye. In 2020 excluding the LULUCF, the
energy sector is responsible for 85.4% of the total CO2 emissions while IPPU is responsible for 14.2%.

The Agriculture and waste sectors do not cause a significant amount of CO2 emission.

Figure 2.6 CO2 emissions by sector, 1990-2020
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Methane (CHa4)

The trend in emissions of CH4 is broken down by source in Figure 2.7, CHa4 is the second most significant
GHG after COz in Turkiye since 1990. Emissions of CH4 have increased by 50.6% since the base year
1990 and have increased by 1.4% compared to 2019. In 2020, CH4 emissions were 2 560 kt excluding
the LULUCF.

The major sectors of CH4 are enteric fermentation from agriculture, solid waste disposal from the waste
sector and fugitive emissions in the energy sector. Emissions from IPPU and LULUCF are not significant

sources of CH4 in comparison with other sectors. Generally, all sectors have risen since 1990.

Figure 2.7 CH4 emissions by sector, 1990-2020
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Nitrous Oxide (N20)

In 2020, N20 emissions are 136 kt without LULUCF and it slightly increased from the level of 2019 (11.7
kt) but 62.2% above the 1990 level. As it is seen from Figure 2.8, the agriculture sector is the main
contributor of N2O emissions in all the years and the share is 80.3% in 2020. The waste sector is
responsible for 5.6% and the energy sector is responsible for 9.1% of all N2O emissions. IPPU has a

minor share of the N2O emissions by 5%.

Figure 2.8 N20 emissions by sector, 1990-2020
160 - (kb)
140 -
120 -
100 -

40 -
20 -

1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

mEnergy ®WIPPU mAgriculture ®mLULUCF m Waste

Fluorinated Gases (HFCs, PFCs, SFs)

The F-gases are only caused by the IPPU sector. In 2020, 6 007 kt CO2 eq. of F-gases released to the
atmosphere. It is seen from Table 2.3 that total F-gas emissions increased by 861% since 1990. The
main contributor to total F-gas emissions is HFCs emissions and it is mainly due to the increasing demand

of refrigerant and air conditioning sector in Trkiye.
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Table 2.3 Fluorinated gases emissions by sector, 1990-2020

(kt CO> eq.)
Year HFCs PFCs SFe
1990 NO 625.30 NO
1991 NO 863.34 NO
1992 NO 722.59 NO
1993 NO 403.08 NO
1994 NO 710.00 NO
1995 NO 611.44 NO
1996 NO 577.15 10.05
1997 NO 574.01 11.10
1998 NO 615.00 11.90
1999 NO 604.82 12.36
2000 115.66 601.00 13.34
2001 232.00 592.20 13.16
2002 417.19 586.39 13.95
2003 628.80 581.79 15.16
2004 909.37 580.13 16.44
2005 1 146.88 559.96 17.67
2006 1424.19 460.96 19.40
2007 1713.19 574.44 21.04
2008 1 896.14 527.72 21.98
2009 2111.28 259.26 21.30
2010 3 054.28 461.74 65.48
2011 3432.64 480.36 67.37
2012 4 256.83 359.06 68.58
2013 4 470.24 270.60 69.02
2014 4 927.46 255.42 74.88
2015 4 802.87 158.99 81.83
2016 5262.92 140.67 78.61
2017 5 534.60 73.11 118.33
2018 5502.39 36.62 128.39
2019 6 064.07 62.18 115.71
2020 5853.16 37.83 115.78
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2.3. Emission Trends by Sector

Figure 2.9 GHG emission trend by sectors, 1990-2020
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1990-2020: All sectors have an increasing trend from 1990 to 2020 including energy (163%), IPPU
(190%), waste (48%), LULUCF (2.2%) and agriculture (59%).

The main reasons for the increase for all sectors are population growth, a growing economy and an

increase in energy demand.

The main reasons for the rise in removals for LULUCF are improvements in sustainable forest
management, afforestation, rehabilitation of degraded forests, reforestations on forest land and
conversion of coppices to productive forests in forest land remaining forest land, efficient forest fire
management and protection activities, conversions to perennial croplands from annual croplands and
grasslands, and conversions to grasslands from annual croplands. The main reasons for the decrease
in removals are related to drought and biomass burning as wildfire (e.g. the year 2008; 29 749 ha forest

area burned), deforestation, conversions to wetlands (flooded land) and settlements.

2019-2020: There are increasing trends in the annual change almost for each sector from 2019 to
2020. The sectors having increasing trends are energy (0.6%), IPPU (14%), agriculture (7.5%) and
waste (2.1%), the decreasing trend is LULUCF (-32.2%)
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In the energy sector; manufacturing industries and construction and other sectors show 10.3% and
8.6% increase respectively while the transport sector 2.12% and energy industries show 4.4% decrease
in 2020. Figure 2.10 shows electricity production from different energy sources for the period, 2018-
2020.

Figure 2.10 Electricity generation and shares by energy resources, 2018-2020
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The increase in emissions from the waste sector is mainly due to the increase in methane recovery
processes, particularly in recent years. The detailed reasons behind the emission trends and main drivers

for all sectors are discussed by each sub-sector in the related chapters.

While Table 2.4 provides a contribution of sectors to the net GHG emissions by sectors for some selected
years between 1990 and 2020, Table 2.5 shows the same shares for the GHG emissions without LULUCF.
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Table 2.4 Contribution of sectors to the net GHG emissions

(%)
Sectors 1990 2000 2005 2010 2015 2016 2017 2018 2019 2020
Energy 85.13 90.98 93.14 88.55 90.73 89.35 89.24 87.09 86.17 78.72
IPPU 14.02 11.08 12.84 15.07 15.71 15.68 15.50 15.82 13.81 14.30
Agriculture 28.08 17.83 16.17 13.66 14.89 14.55 14.76 15.21 16.04 15.67
Waste 6.76 6.04 6.25 5.37 4.55 4.13 3.79 3.86 3.79 3.51
LULUCF -33.99 -25.93 -28.40 -22.65 -25.88 -23.71 -23.30 -21.98 -19.82 -12.20

Table 2.5 Contribution of sectors to the GHG emissions without LULUCF

(%)
Sectors 1990 2000 2005 2010 2015 2016 2017 2018 2019 2020
Energy 63.54 7225 7254 72,20 72.08 72.23 7238 7140 7192 70.16
IPPU 10.46 8.80 10.00 12.29 1248 12.67 12,57 1297 11.53 12.74
Agriculture 20.96 14.16 12,59 11.14 11.83 11.76 1197 1247 1339 13.96
Waste 5.04 4.80 4.87 4.38 3.61 3.34 3.08 3.17 3.16 3.13

Energy

As in most countries, the energy system in Tirkiye is largely driven by fuel combustion, followed by
fugitive emissions from fuels and then CO- transport and storage. In 2019, emissions from the energy
sector are 70.2% of total emissions, excluding LULUCF. Emissions in CO2 eq. from the energy sector
are reported in Table 2.6 and shown in Figure 2.11.

CO2 emissions, 96% of the total energy sector emissions, showed an increase of 171.8% from 1990 to
2020. CH4 emissions are just 2.9% of the total, increased by 39.7% in comparison with 1990. N2O
emissions, with a 1% contribution to total emissions of the energy sector, show an 89.7% increase in

proportion to the year 1990.
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Table 2.6 Total emissions from the energy sector by source

(kt CO- eq.)
1990 2000 2005 2010 2015 2016 2017 2018 2019 2020
Total 139 602 216 025 244 446 287 840 341981 361 686 382389 374 145 365410 367 577
L.A Fuel 135092 209879 238693 279 614 336485 353 091 375690 366483 355734 358 995
combustion
inj&’:&liei”ergy 37262 77725 90957 114151 135736 145940 157331 159409 149489 142 927
1.A2
Manufacturing 37153 57925 62987 52298 59554 60039 60152 59576 54535 60 150
industries and
construction
1.A3 Transport 26969 36465 42041 45392 75798 81841 84770 84617 82428 80680
seiéﬁ;: Other 33707 37764 42709 67773 65397 65270 73437 62881 69282 75238
1.B Fugitive
emissions from 4 510 6 145 5752 8 226 5 496 8 596 6 699 7 662 9 676 8 581
fuels
fué[sB'l Solid 3508 483 3941 6151 2733 5896 3681 4885 6770 5558
1.B.2 Oil and
natural gas 912 1309 1811 2075 2763 2700 3017 2777 2906 3023

1.C CO; transport

and storage 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13

Figure 2.11 Trend of total emissions from the energy sector, 1990-2020
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GHG emissions of the energy sector, in CO2 eq., show an increase of 163% from 1990 to 2020.

Generally, an upward trend is noted from 1990 to 2020.
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IPPU

Emissions from the industrial process and product use sector have a share of 12.7% of total emissions
excluding LULUCF in 2020. CO2 emissions are 88% of total IPPU emissions in 2020. N2O and CH4 have
a minor impact on IPPU emissions and N20O increased by 88.6% compared to 1990. Emissions by each
subsector of IPPU are tabulated in Table 2.7 for the 1990-2020 period. Figure 2.12 shows the trend for

the IPPU related emissions by cumulating its subsectors.

Table 2.7 Total emissions from the industrial process and product use sector by source

(kt CO; eq.)

1990 2000 2005 2010 2015 2016 2017 2018 2019 2020

Total 22983 26312 33700 48980 59213 63453 66409 67968 58577 66 763

2.A Mineral industry 13424 18418 23246 34087 40301 43816 46470 46207 38564 47 109

2.B Chemical industry 1629 1061 1321 1903 2788 2159 2004 3335 3129 3091

2.C Metal industry 7748 6427 7523 9439 10973 11990 12130 12589 10567 10460
2.D Non-energy

products from fuels 183 277 446 432 266 146 152 206 138 134
and solvent use

2.E Electronic industry NO NO NO 42.23 42.23 42.23 4536 57.11 58 59

2.F Product uses as
ODS substitutes

2.G Other product
manufacture and use

NO 116 1147 3054 4803 5263 5535 5502 6064 5853

NO 13 18 23 40 36 73 71 58 57

Figure 2.12 Trend of total emissions from IPPU sector, 1990-2020
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IPPU related emissions increased by 190.5% from 1990 to 2020. Due to the growth of population and

production especially for the recent decade, emissions from the IPPU sector are increased.
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Agriculture

Enteric fermentation is by far the largest source of GHG emissions of agriculture in Tirkiye since 1990.
The agriculture sector includes emissions from enteric fermentation, manure management, rice
cultivation, agricultural soils, field burning of agricultural residues and urea application. In 2020, the
agriculture sector accounted for 14% of total emissions in Tirkiye. Enteric fermentation and agricultural
soils dominate the trends in this sector between 1990 and 2020 as seen in Table 2.8 and they have an

increase of 54.6% and 58.2% compared to 1990 respectively.

The most important portion in each gas is CH4 with 53.3%, then comes N2O with 44.4% share in the

agriculture sector emissions. CO2 has the lowest contribution with 2.3%.

Table 2.8 Total emissions from the agriculture sector by source

(kt CO: eq.)
1990 2000 2005 2010 2015 2016 2017 2018 2019 2020
Total 46 054 42332 42439 44409 56 133 58 894 63262 65338 68023 73 155

3.A Enteric fermentation 22397 19234 19680 20946 26947 26984 30110 32136 33368 34615
3.B Manure management 5436 5142 4781 5391 6956 7060 7697 8508 8597 9060
3.C Rice cultivation 100 128 183 202 240 243 234 252 263 262

3.D Agricultural soils 17314 16870 16880 17006 21006 23147 23607 23022 24342 27 389

3.F Field burning of
agricultural residues

3.H Urea application 460 617 613 645 811 1295 1450 1257 1288 1657

347 340 302 219 174 164 165 163 165 173

Figure 2.13 Trend of total emissions from agriculture sector, 1990-2020

80 000 - (kt CO, eq.)

=
70 000 -
B
60 000 -
50 000 -
40 000 - 4 B | N |
30 000 -
20 000 -
10 000 -
O =4 N MM T WO OMNOWODDNDNO AT ANMIETWLONDAO - NMTSTLW OMNODOO O
DDA DD O OO0 0000000 W o o = = =" = = = =
A OO0 OO YOO OO O OO O O OO0 OO0 000000 OO oo o o o
™ = o A A H A A A AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN NN NN

m3A m3B m3C m3D m3F m3H

38 Turkish GHG Inventory Report 1990-2020



Trends in Greenhouse Gas Emissions

LULUCF

GHG emissions of the LULUCF sector from sources and removals by sinks are estimated and reported
for categories of managed lands: forest land, cropland, grassland, wetlands, settlements, harvested

wood products, other land and others.

In 2020, total CO2 eqg. emissions and removals of the LULUCF sector have decreased by 32.2% compared

to 2019. Table 2.9 reports emissions and removals from the LULUCF sector by source.

Table 2.9 Total emissions and removals from the LULUCF sector by source

(kt CO2 eq.)

1990 2000 2005 2010 2015 2016 2017 2018 2019 2020

Total -55736 -61566 -74535 -73620 -97 538 -95972 -99 830 -94 413 -84 032 -56 948
4.AForestland -52830 -57890 -69 356 -67 614 -87 669 -85233 -90 195 -84 849 -75311 -48 220
4.B Cropland 0.69 38 207 453 457 344 368 352 381 395
4.C Grassland 0.03 97 259 636 983 656 705 708 768 777
4.D Wetlands 0.01 176 28 413 -20 271 288 222 188 189

4.E Settlements NO,IE 145 273 426 419 406 413 407 413 419
4.F Other land  NO,NE,IE 187 310 601 764 617 653 650 671 696

4.G Harvested 2907 -4337 -6285 -8587 -12541 -13102 -12 133 -11973 -11215 -11 281
wood products
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Figure 2.14 Trend of total emissions from the LULUCF sector, 1990-2020
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LULUCF emissions or removals, in CO2 equivalent, are variable over the reporting period 1990-2020 as
seen in Figure 2.14. Generally, decreases in removals were influenced by fires and drought in the
relevant areas. Moreover, rises are originated mainly from forest management, afforestation,

rehabilitation of degraded forests, reforestations on forest land, etc.
Waste

The waste sector includes GHG emissions from the treatment and disposal of wastes, open burning,
wastewater treatment and discharge. Waste incineration emissions are included in the inventory
however it is reported under the energy sector. The waste sector GHG emissions are tabulated in Table
2.10. Total waste emissions for the year 2020 are 3.1% of total GHG emissions (without LULUCF).
Considering emissions by gas, the most important GHG is CH4 which accounts for 86.1% of the total
and shows an increase of 47.2% from 1990 to 2020. N20 levels have increased by 55.9% whereas CO>
decreased by 86.4% from 1990 to 2020; these gases account for 13.9% and 0.02% share in the waste
sector.
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Table 2.10 Total emissions from the waste sector by source

(kt CO> eq.)
1990 2000 2005 2010 2015 2016 2017 2018 2019 2020
Total 11081 14341 16401 17446 17142 16720 16251 16588 16 068 16 402

5.A Solid waste disposal 6730 9582 11562 12564 12578 12113 11524 11578 11002 11 237
>.BBological treatment yo 4, 55 39 23 24 23 20 2 2
of solid waste

5.C Incineration and
open burning of waste
5.D Wastewater
treatment and discharge

105 87 47 37 2 4 3 2 5 7

4230 4656 4764 4815 4539 4579 4701 4987 5039 5138

Figure 2.15 Trend of total emissions from the waste sector, 1990-2020
20 000 - (kt CO, eq.)
18 000 -

16 000 -
14 000 - I
12 000 - I I

10 000 I I I |
8 000 —I

6 000 -

4000 -

2 000 -
O "1 AN M T LD OMNOANANO AT N M T ONDAHNO A AN ML ON OO O
DA T ITO OO oo oo 9o d 4 44 4 d 4 4 4 -4 N
A OO OO OO O OO O O OO OO O OO0 OO0 O0OOo0OOo0OOoOOoOOoO o o o
N 4 A H A A A A AN AN AN AN AN AN AN AN AN AN AN NN NN AN ANAN NN

m5A m5B m5C m5D

Figure 2.15 shows trends in the waste sector between 1990-2020. The trend is mainly driven by solid
waste disposal with 68.5% of the emissions were from, followed by wastewater treatment and discharge
31.3% from, 0.12% from biological treatment of solid waste and 0.04% from open burning of waste.

Total emissions, in CO2 equivalent, increased by 2.1% from 2019 to 2020.
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2.4. Emission Trends for Indirect Greenhouse Gases

Emission trends of NOx, CO, NMVOC and SO2 from 1990 to 2020 are given in Table 2.11.

Table 2.11 Total emissions for indirect greenhouse gases, 1990-2020

(kt)
Gas 1990 2000 2005 2010 2015 2016 2017 2018 2019 2020
NOx 253 1490 1297 998 857 870 855 860 888 866
co 2040 8 762 3745 3454 2522 2332 2164 1643 1762 1930
NMVOC 896 1 607 1110 1104 1110 1087 1114 1092 1118 1161
SO> 1683 2237 2 000 2 554 1939 2244 2351 2515 2521 2166
NH3 85 97 84 62 59 45 46 41 43 46

1990-2020: While three indirect gases have an increasing trend from 1990 to 2020 including NOx
(242.7%), SO2 (28.7%) and NMVOC (29.5%), two gases have a decreasing trend including CO (5.4%)
and NHs (45.5%).

2019-2020: There are both increasing and decreasing trends in the annual change for each gas from
2019 to 2020. The gases having increasing trends are CO (9.5%), NMVOC (3.8%) and NHs (9.1%). The
gases that have decreasing trends are SOz (14.1%) and NOx (2.5%).
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3. ENERGY (CRF Sector 1)

3.1. Sector Overview

The energy sector includes emissions from the combustion of fossil fuels (1.A.1 energy industries; 1.A.2
manufacturing industries and construction; 1.A.3 transport; and 1.A.4 other sectors; as well as fugitive

emissions from fossil fuels (1.B) and CO: transportation and storage (1.C).

Energy sector is the major source of Turkish anthropogenic GHG emissions. In overall 2020 GHG

emissions (excluding LULUCF), the energy sector had the largest portion with 70%.

Energy sector CO2 emissions constituted 85.4% of total CO2 emissions in 2020. The non-CO2 emissions
from energy-related activities represented rather small portion of the total national emissions. CH4
emissions are 16.9% of total national CH4 emissions and N2O emissions are 9.1% of total N2O emissions
in 2020.

Total emissions from the energy sector for 2020 were estimated to be 368 Mt COz eq. (Table 3.1) Energy
industries were the main contributor, accounting for 38.9% of emissions from the energy sector. It is
followed by transport sector with 20.5%, other sector with 21.9% and manufacturing industries with
16.4% (Table 3.2).

Energy sector GHG emissions increased by 163.3% between 1990 and 2020 whereas annual emissions
from 2019 to 2020 decreased by 0.6% (2 167 Kt CO:2 eq.).
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Energy

Table 3.1 Energy sector emissions by gas, 1990-2020

(kt)
Year CO:2 CH4 N20 CO:2 eq.
1990 129 891 310 6.5 139 602
1991 134 517 301 6.5 143 991
1992 140 772 303 6.7 150 322
1993 147 151 296 7.6 156 800
1994 144 099 279 7.5 153 317
1995 156 801 286 7.8 166 281
1996 174 372 286 8.3 183 994
1997 186 002 304 8.4 196 127
1998 185 560 311 8.3 195 804
1999 182 742 343 8.3 193 781
2000 204 494 360 8.5 216 025
2001 188 587 330 7.9 199 186
2002 195541 320 8.0 205 941
2003 209 829 314 9.3 220 432
2004 215444 313 10.1 226 278
2005 232907 337 10.5 244 446
2006 248 483 347 11.2 260 497
2007 277 130 424 12.7 291 504
2008 272 156 484 13.6 288 319
2009 276 415 491 14.0 292 872
2010 271 645 490 13.3 287 840
2011 293 135 503 14.1 309 922
2012 305 544 524 9.8 321 568
2013 293 760 465 9.9 308 339
2014 310274 533 10.6 326 754
2015 330815 295 12.7 341 981
2016 347 273 419 13.3 361 686
2017 369 365 355 14.0 382 389
2018 360 850 382 12.6 374 145
2019 350 127 469 12.0 365 410
2020 353 038 434 12.4 367 577
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Energy sector GHG emissions mainly are coming from stationary combustion. Total emissions from
stationary combustion are 278 Mt CO: eq. in 2020, equal to 53% of total national GHG emissions
(excluding LULUCF).

The energy industries subsector (1.A.1) contributed 143 Mt CO:z eq. in 2020 while the GHG emissions
from manufacturing industries and construction subsector (1.A.2) emissions were 60.2 Mt CO2 eq. and
GHG emissions from other sectors (1.A.4) were 75.2 Mt. The transport sector GHG emissions were 80.7

Mt in the same year.

GHG emissions from stationary combustion increased by 157% (170.1 Mt COz eq.) between 1990 and
2020, and increased by 1.8% (5.0 Mt CO: eq.) between 2019 and 2020.

Figure 3.1 GHG emissions from fuel combustion, 1990-2020
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In 2020, transport contributed 80.7 Mt CO2 eq., which is 15.4% of total GHG emissions (excluding
LULUCF). The major source of transport emissions in Tirkiye is road transportation. It accounts for
94.9% of transport emissions. It is followed by domestic aviation while other sources are far smaller:
domestic aviation with 2.7% and domestic navigation with 1.6%. Pipeline transport contribution was

0.4% and railway contribution was 0.4%.
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Fuel used in international aviation and marine bunkers is reported separately from the national total. In

2020, international bunker GHG emissions were 7.6 Mt CO: eq.

Emissions from transport sector increased 199.2% (53.7 Mt COzeq.) in 2020 compared to 1990. In the
same period increase in road transportation emissions was 209.2%, in domestic aviation it was 280.2%
and in domestic navigation it was 148.5%. Emissions from railway transport decreased by 55.2%
between 1990 and 2020.

Total fugitive emissions for 2020 were 8.6 Mt CO:2 eq., representing 1.6% of total GHG emissions
(excluding LULUCF). Oil and natural gas systems contributed 30%, solid fuels account for the remaining

70% of fugitive emissions.

Overall fugitive emissions increased 90.3% between 1990 and 2020. In 2014 a serious mine accident
happened and many underground mines were closed in the following year as a precaution, therefore in
2015 fugitive emissions were decreased remarkably. In 2020, the underground coal production activity
decreased and therefore in 2020 fugitive emissions from solid fuels were decreased. In overall, from
1990 to 2020, fugitive emissions from oil and natural gas systems increased by 231.6%. Emissions

from solid fuels increased by 88.2% in the same period.

Figure 3.2 Fugitive emissions, 1990-2020
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2006 IPCC Guidelines are used for energy sector emission estimation. The methodology for emissions
from stationary energy sectors is a mix of T1, T2 and T3 approaches. In transport sector, T1 and T2

approaches have been used. Fugitive emissions were estimated by T1 approach. (Table 3.3)
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Table 3.3 Summary of methods and emission factors used in energy sector

CO> CH.4 N>O
GHG sources and sink Method Emission Method Emission Method Emission
categories applied factor applied factor applied factor
1. Energy T1,T2,T3 CSDPS  T1,T2,T3 D,PS T1,T2,T3 D,PS
A. Fuel combustion T1,T2,T3 CS,D,PS T1,T2,T3 D,PS T1,T2,T3 D,PS
1. Energy industries T2,T3 CS,D,PS T2,T3 D,PS T2,T3 D,PS
2. Manufacturing industries
and construction T1,T2 CS,D T1 D T1 D
3. Transport T1,T2 Cs,D T1,T2 D T1,T2 D
4. Other sectors T1,T2 CS,D T1 D T1 D
B. Fugitive emissions from fuels T1 D T1 D T1 D
1. Solid fuels NA NA T1 D NA NA
2. Oil and natural gas T1 D T1 D T1 D
C. CO; transport and storage T1 D - - - -

Country specific and plant specific carbon contents of liquid, solid and gaseous fuels are used for CO2

emissions estimation. For CH4 and N2O emissions, 2006 IPCC default emissions factors are used.
Sector QA/QC and Verification

Quality control for energy category was performed on the basis of QA/QC plan of Tirkiye. All emission
factors and implied emission factors are compared with 2006 IPCC Guideline defaults and any outlines
were examined. In this inventory, 1A2 and 1A4 sectorial approach emissions and 1AB reference
approach fuel combustion emissions were calculated on SAS and it was double checked by the

calculations on the Excel sheets by two different experts and any findings were corrected.

In 2017 August, energy sector expert, from Finland, have come to TurkStat to review the energy sector
in scope of a project coordinated by TurkStat. Moreover, Turkish inventory have been reviewed by ERT
in 2017 September. Based on those findings improvements were done in the energy sector. These
improvements are explained and the effect of the recalculations are shown with in the relevant sectorial
subtitle in NIR submitted in 2018. Another QA process was also conducted in 2020 by an expert from
CITEPA for this sector.

The main critic during the reviews is the consistency of the energy sector. This is because the national
energy balance tables, which are the main data source of energy sector, are not in time series.
Inconstancies come to exist when the national energy balance tables are used in the time series
inventory calculations. In order to overcome this problem national energy balance tables should be

reallocated and made consistent in the time series. This problem will be handled in the following years.

Turkish GHG Inventory Report 1990-2020



Energy

3.2. Fuel Combustion (Sector 1.A)

The major source of GHGs in Tirkiye is the fossil fuel combustion. The emissions from fossil fuel
combustion are calculated by TurkStat with cooperation with the Ministry of Energy and National
Resources(MENR) and the Ministry of Transport and Infrastructure (MoTI). The emissions from public
electricity and heat production were calculated by MENR and the emissions from transport were
calculated by MoTI, and the other energy sub-sectors were calculated by TurkStat. 2006 IPCC Guidelines

were used in emissions estimation for all energy subcategories.

The emissions from public electricity and heat production (1.A.1.a) are calculated on the basis of plant
specific fuel consumption and net calorific values (NCVs) with country specific carbon contents of fuels.
Technology specific CH4 and N2O emission factors from 2006 IPCC Guidelines are used for 1.A.1.a
category for since 2003 and 2006 IPCC Guidelines default CH4 and N20 EFs are used for 1990-2002

period since combustion technology data is available from 2003 onward for this category.

For petroleum refining sector (1.A.1.b), fuel consumption data, NCVs and carbon content of fuels are
compiled directly from the refineries. In the same way for manufacture of solid fuels (1.A.1.c) categories,
plant specific AD and plant specific carbon content are used in the emission estimation. 2006 IPCC

Guidelines default EFs are used for CH4 and N2O emission estimation.

Emissions from manufacturing industry and construction and other sectors (1.A.2), (1.A.4) were
estimated by using energy balance tables. For CO2 emission estimation both country specific and default
carbon contents and oxidation factors are used depending on the data availability. 2006 IPCC Guidelines

default EFs are used for CH4 and N2O emission estimation.

Transportation sector (1.A.3) consists of road transportation, domestic aviation, railways, domestic
navigation and pipeline transportation. Data availability in road transportation, navigation sector and
railways allows mostly T1 methodology in the emission estimations. Country specific carbon content of
diesel oil and residual fuel oil are used for CO2 emission estimations but for gasoline and liquefied
petroleum gas (LPG) 2006 IPCC default emission factors are used. T2 methodology was used for the
calculation of emissions from domestic aviation. Also T2 methodology was used for the calculation of
CO2 emissions from pipeline transportation. 2006 IPCC Guidelines default EFs are used for CH4 and N2O

emission estimation. The following table summarizes the data source for the 1A sectors.
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Table 3.4 Summary table for the data source in fuel combustion (1A) sector

Category Data Source

1A1la Electricity and Heat Production Plant specific

1A1b Petroleum Refining Plant specific

1A1c Manufacturing of Solid Fuels and Other Energy Industries Plant specific

1A2 Manufacturing Industries and Construction National energy balance table
1A3 Transport See chapter 3.2.6

1A4 Other Sectors National energy balance table
1AB Fuel Combustion Reference Approach National energy balance table
1AD Feedstocks Reductants and Other non-Energy use of fuels See chapter 3.2.3

National energy balance tables, which are published by the MENR every year, are the most important
input for the energy sector emission calculations. The source of data for the electricity production sector
of national energy balance is Turkish Electricity Transmission Corporation (TEIAS). The data that TEIAS
sends includes electricity generation, fuel consumption in both original units and TJ, with respect to
energy resources and license type of electricity generators. After the data is compared with previous
years, it is directly used in the relevant sections of the energy balance table. For the supply part of
national energy balance table (indigenous production, import, export, bunkers, stock change), the
administrative sources of relevant stakeholders such as EPDK, BOTAS, TEIAS, TTK, TKi, MTA, MAPEG
are utilized. For the demand part of national energy balance table, the industry sector data is collected
through questionnaires applied by MENR/EIGM to the relevant companies/firms. For the other sectors,
administrative sources of relevant stakeholders are used. In the process of compiling data, the sectoral
reports of stakeholders are examined, as well as time series analysis and quality control with respect to
both energy resources and sectors are applied. The following table shows the country specific carbon

content (as ton carbon / TJ fuel) of fuels used in calculating the CO2 emissions. NCVs can be found

Annex 3.
Table 3.5 Country specific carbon contents of fuels
Fuel types Unit 1990 2000 2010 2015 2017 2018 2019 2020
Hard coal t/TJ 25.79 26.38 27.28 26.16 26.43 26.08 26.87 25.56
Lignite t/T] 32.79 31.61 31.57 30.57 30.05 30.51 30.09 29.80
Coke t/T] 30.14 30.14 29.95 30.10 30.61 29.48 29.59 30.19
Petrocoke t/TJ 26.55 26.55 26.55 26.55 26.55 26.55 26.55 26.55
Fuel oil t/T] 21.33 21.33 21.33 21.33 21.33 21.33 21.33 21.33
Diesel t/T] 20.03 20.03 20.03 20.03 20.03 20.03 20.03 20.03
Naphta t/TJ 20.13 20.13 20.13 20.13 20.13 20.13 20.13 20.13
Natural gas t/T) 15.13 15.13 15.17 15.19 15.18 15.08 14.64 15.19

The following table shows the country specific oxidation factors of fuels used in calculating the CO>

emissions factors.
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Table 3.6 Country specific oxidation factor of fuels

Fuel types 1990 2000 2010 2015 2016 2017 2018 2019 2020
Hard coal 0.988 0.988 0.985 0.963 0.963 0.975 0.975 0.983 0.979
Lignite 0.950 0.950 0.953 0.960 0.960 0.973 0.973 0.966 0.959
Fuel oil 0.984 0.984 0.984 0.984 0.984 0.984 0.984 0.984 0.984
Diesel 0.984 0.984 0.984 0.984 0.984 0.984 0.984 0.984 0.984

The following table shows the CO2 emissions factors of all the fuels.

Either country specific carbon contents or IPCC default carbon contents are used in the calculations

depending on the data availability. CO2 EFs are calculated by the formula below.

CO2EF = C content of fuel x Oxidation factor of fuel x (44/12)

Country specific carbon content and oxidation rates were calculated through fuel analysis and ash-slag

or stack gas analysis reports.

Table 3.7 CO2 emission factors of fuels

Fuel types Unit 1990 2000 2010 2016 2017 2018 2019 2020
Hard coal t/T] 934 955 986 853 945 941 969 91.8
Lignite t/T] 114.2 110.1 1103 1074 107.2 107.5 106.6 104.8
Asphaltite t/T] 9.1 96.1 961 96.1 96.1 96.1 96.1 96.1
Coke t/T] 110.5 1105 109.8 108.3 112.2 108.1 108.5 110.7
Coal tar t/T] 80.7 80.7 80.7 80.7 80.7 80.7 80.7 80.7
Crude oil t/T] 733 733 733 733 733 733 73.7 737
Petrocoke t/T] 974 974 974 974 974 974 974 974
Fuel oil t/T] 770 770 770 77.0 77.0 77.0 77.0 77.0
Diesel t/T] 723 723 723 723 723 723 723 723
Gasoline t/T] 69.3 693 693 693 693 693 693 693
LPG t/T] 63.1 631 631 63.1 631 631 63.1 63.1
Rafinery gas t/T] 576 576 576 576 576 576 57.6 57.6
Aviation fuel t/T) 71.5 71.5 71.5 71.5 71.5 71.5 71.5 71.5
Kerosene t/T] 719 719 719 719 719 719 719 719
Naphta t/T] 72.7 727 727 727 727 727 727 727
Intermediate products t/T] 73.3 73.3 73.3 733 733 733 73.3 73.3
Base oils t/T] 733 733 733 733 733 733 73.3 733
White spirit t/T] 733 733 733 733 733 733 73.3 733
Bitumen t/T] 80.7 80.7 80.7 80.7 80.7 80.7 80.7 80.7
Other petroleum products t/T] 733 733 733 733 733 733 733 733
Natural gas t/T] 555 555 556 557 556 556 53.7 53.7
Fuel wood t/T] 111.8 1118 111.8 111.8 111.8 111.8 111.8 111.8
Animal&Vegetable waste t/T] 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1
Biofuels t/T] 708 708 708 708 70.8 70.8 70.8 70.8
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CO2, CH4 and N20 Emissions from fuel combustion were calculated for the period 1990-2020

Table 3.8 Emissions from fuel combustion (1A), 1990-2020

(kt)
Year CO: CH4 N0 CO: eq.
1990 129 671 138.9 6.5 135092
1991 134 253 139.8 6.5 139 691
1992 140 518 143.0 6.7 146 078
1993 146 920 139.6 7.6 152 667
1994 143 880 128.3 7.5 149 318
1995 156 592 133.3 7.8 162 258
1996 174 164 131.8 8.3 179 934
1997 185 795 138.2 8.4 191 762
1998 185 366 128.8 8.3 191 059
1999 182 564 121.1 8.3 188 060
2000 204 326 121.2 8.5 209 879
2001 188 432 107.9 7.9 193 483
2002 195 393 109.6 8.0 200 523
2003 209 683 111.9 9.3 215242
2004 215 304 113.7 10.1 221 143
2005 232 765 112.4 10.5 238 693
2006 248 348 108.5 11.2 254 411
2007 276 997 111.5 12.7 283 555
2008 272 021 153.4 13.6 279 910
2009 276 277 171.8 14.0 284 744
2010 271 489 167.1 13.2 279 614
2011 292 984 146.5 14.1 300 857
2012 305 400 154.5 9.8 312 186
2013 293 615 130.2 9.9 299 816
2014 310 129 129.7 10.6 316 538
2015 330 660 81.3 12.7 336 485
2016 347 115 81.0 13.3 353 091
2017 369 208 92.9 14.0 375690
2018 360 675 82.4 12.6 366 483
2019 349 944 89.1 12.0 355734
2020 352 843 98.3 12.4 358 995
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Figure 3.3 COz emissions from fuel combustion, 1990-2020
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Energy industry has the highest share in total CO2 emission from fuel combustion in 2020. It is followed

by transport, other sectors, and manufacturing industries and construction.

Figure 3.4 CO:2 emissions from fuel combustion by sectors, 1990 and 2020
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3.2.1. Comparison of the sectoral approach with reference approach

The IPCC Reference Approach is a top down inventory based on production, imports, exports, stock

change and international bunker consumption of fuels.

2006 IPCC methodology is used for reference approach CO2 estimation. The estimation based on the
apparent consumption of fuels in the country. The apparent consumption of primary fuels has been

calculated by using the following formula:

Apparent consumption = Domestic production + imports - exports - change

(increase/decrease) in stocks - international bunkers
Apparent consumption of secondary fuels has been calculated by using the following formula:

Apparent consumption= imports - exports - change (increase/decrease) in stocks-

international bunkers

The apparent consumption is need to be adjusted for feedstocks, reductants and other non-energy use
of fuels. The fossil fuels used for non-energy purposes should be deducted from the apparent
consumption in order to avoid double counting in reference approach. (See section 3.2.3 Feedstocks,

Reductants and Other Non-Energy Use of Fuels )

Domestic production, import, export, stock change and international bunkers have been taken from

national energy balance tables for all primary fuels and petroleum products in ktoe unit.

Note that the reference approach emission calculation is dependent on the national energy balance
tables and the fuel classification in the national energy balance table is different than CRF fuel
classification. Therefore, the fuels in the national energy balance table is allocated into CRF fuel

classification according to the table below.

The allocation of fuels into the CRF 1AB category is shown in the table below.
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Table 3.9 Fuel allocation in reference approach

Fuel allocated under

. Fuel allocated under
national energy balance

CRF 1AB sector

table

Hard coal Coking coal
Lignite Lignite
Asphaltite Sub bitiminous coal
Coke Coke oven coke
Coal tar Coal tar

Crude oil Crude oil
Petrocoke Petroleum coke
Fuel oil Residual fuel oil
Diesel Diesel oil
Gasoline Gasoline

LPG LPG

Rafinery gas Other oil
Aviation fuel Jet kerosene
Kerosene Other kerosene
Naphta Naphta
Intermediate products Other oil

Base oils Other oil

White spirit Other oil
Bitumen Other oil

Other petroleum products Other oil
Natural gas Natural gas
Fuel wood Solid biomass
Animal&Vegetable waste Solid biomass
Biofuels Liquid biomass
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Figure 3.7 CO2 emissions from fuel combustion, 1990-2020
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Table 3.11 Comparison of CO: from fuel combustion between reference and sectoral
approach, 1990-2020

Reference approach Sectoral approach Difference

Apparent Apparent ~_in
consumption Emissions consumption Emissions €missions

Year (PJ) (kton CO>) (PJ)  (kton CO>) (%)
1990 1795 135077 1794 135092 -0.01
1991 1826 139 606 1839 139 691 -0.06
1992 1914 146 048 1922 146 078 -0.02
1993 2047 152 646 2035 152 667 -0.01
1994 2 007 151 665 1997 149 318 1.55
1995 2188 164 243 2174 162 258 1.21
1996 2410 183 328 2 365 179934 1.85
1997 2562 196 001 2 506 191 762 2.16
1998 2580 194 910 2 497 191 059 1.98
1999 2581 190 621 2524 188 060 1.34
2000 2891 214 362 2778 209 879 2.09
2001 2 686 196 784 2602 193483 1.68
2002 2796 203 376 2682 200523 1.40
2003 3043 222 885 2 885 215242 3.43
2004 3138 222 474 2992 221143 0.60
2005 3293 234 767 3209 238 693 -1.67
2006 3601 250 898 3427 254 411 -1.40
2007 3966 277 616 3792 283 555 -2.14
2008 3918 277 885 3719 279910 -0.73
2009 3804 269 328 3720 284 744 -5.72
2010 4 005 285 207 3657 279 614 1.96
2011 4 300 301 906 3962 300 857 0.35
2012 4404 309 599 4117 312 186 -0.84
2013 4320 298 425 4004 299 816 -0.47
2014 4532 314 272 4269 316 538 -0.72
2015 4750 325273 4528 336 485 -3.45
2016 4978 337 891 4723 353091 -4.50
2017 5361 369 956 5030 375 690 -1.55
2018 5271 370737 4910 366 483 1.15
2019 5146 367 388 4716 355734 3.17
2020 5260 368 822 4819 358 995 2.66

Explanation of differences:

While converting to common energy units, the reference approach multiplies the apparent fuel
consumption by a single conversion factor. On the other hand, each fuel has different heat content.

Sectoral approach uses sector specific heat value provided in the energy balance tables.

In sectoral approach fuel consumption and NCVs of 1A1 category have been collected directly from the

end users (from electricity and heat producers, refineries and coke producers). It brings differences
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between the sectoral and reference approaches since the plant level NCVs is differ from average NCVs
used in energy balance tables. Especially for solid fuels and more specifically for the Turkish lignite,
such differences in NCVs are causing differences. Since the Turkish lignite is poor quality fuel, its NCV
is generally too low from the that of literature lignite. In plant level, data regarding the NCV of lignite
changes in a wide range (from 1000 to 6000 kg/kcal). However, in national balance tables, an average
NCV value is about 2200 kcal/kg is used. Based on the quality of lignite used in a specific year,

consumption in TJ differs from the national energy balance data. This causes differences in emissions.
Recalculation:

There is no recalculation in this sector.

3.2.2.International bunker fuels

In consistent with the UNFCCC reporting guidelines, CO2, CH4 and N20 emissions from international

bunker fuels are calculated and reported separately.
3.2.2.1. International aviation

The fuel type used in international aviation is jet kerosene. Table 3.12 shows the trend in emissions of
CO3, CH4, and N20 from international aviation between 1990 and 2020.

GHG emissions from international aviation have an increasing trend in consistent with the growth in
international aviation sector. CO2 eq. emissions were 5.89 Mt in 2020 (Figure 3.8) while it was 0.56 Mt
in 1990.

Emissions from international aviation are calculated using the T1 methodology given in the 2006 IPCC

Guidelines. The following equation is used.

Emissions = fuel consumption = EF

According to the 2006 IPCC Guidelines, the Tier 1 method should only be used for aircraft using aviation
gasoline, not larger aircraft using jet kerosene however use of a higher tier method is not possible in

Tirkiye because aircraft operational use data are not available.

Energy balance tables were used for AD. To estimate emissions, Tiirkiye applies the default emission
factors from the 2006 IPCC Guidelines as follows: CO2 (71500 kg/T3J), CH4 (0.5 kg/TJ) and N20 (2 kg/TJ).
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Figure 3.8 GHG emissions from international aviation, 1990-2020
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Table 3.12 Emissions and fuel for international aviation, 1990-2020

Energy

Aviation

CO: CH4 N20 COz2eq bunkers

Year (kt) (kt) (kt) (kt) (T3)
1990 552 0.004 0.02 556 7718
1991 716 0.005 0.02 722 10 011
1992 804 0.006 0.02 811 11 246
1993 977 0.007 0.03 986 13 671
1994 788 0.006 0.02 795 11 025
1995 807 0.006 0.02 814 11 290
1996 1003 0.007 0.03 1011 14 024
1997 1 368 0.010 0.04 1380 19 139
1998 1523 0.011 0.04 1536 21 300
1999 1514 0.011 0.04 1526 21 168
2000 1599 0.011 0.04 1612 22 359
2001 1592 0.011 0.04 1 606 22 271
2002 2 649 0.019 0.07 2 671 37 044
2003 2762 0.019 0.08 2 786 38 632
2004 2977 0.021 0.08 3002 41 630
2005 3330 0.023 0.09 3358 46 570
2006 3014 0.021 0.08 3040 42 160
2007 3731 0.026 0.10 3762 52 177
2008 4991 0.035 0.14 5034 69 810
2009 5 255 0.037 0.15 5299 73 493
2010 5 858 0.041 0.16 5908 81 937
2011 6 769 0.047 0.19 6 827 94 671
2012 7 684 0.054 0.21 7 750 107 473
2013 8 661 0.061 0.24 8734 121 129
2014 9922 0.069 0.28 10 007 138 775
2015 11 085 0.078 0.31 11 180 155 037
2016 10 630 0.074 0.30 10 720 148 668
2017 11 015 0.077 0.31 11 109 154 053
2018 12 006 0.084 0.34 12 108 167 911
2019 13917 0.097 0.39 14 036 194 649
2020 5 842 0.041 0.16 5892 81712

3.2.2.2. International navigation

The fuel type used in international navigation is diesel oil and residual fuel oil. Table 3.13 shows the

trend in emissions of CO2, CH4 and N20O from international navigation between 1990 and 2020.

GHG emissions from international navigation have an increasing trend corresponding to the growth in

the international navigation sector. CO2 emissions were 1.73 Mt in 2020 (Figure 3.9) while it was 0.4 Mt

in 1990.

Emissions from international navigation were calculated using the T1 and T2 methodology given in 2006

IPCC Guidelines. Country specific carbon content is used for CO2 emission estimation. 2006 IPCC default
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EFs are used for CH4 and N0 emissions. The following equation is used. Activity data in international
navigation provided by the EMRA were compared with those of DG of Mining and Petroleum Affairs,
reported to IEA.

Emissions = Z Fuel consumed 5 * EF;

Where:
a = fuel type (residual fuel oil and gas diesel oil)

b = water-borne navigation type (the type of vessel b is ignored at Tier 1)

Country specific carbon content is used for CO2 emission estimation. To estimate CH4 and N2O emissions,
Turkiye applies the default emission factors from the 2006 IPCC Guidelines as follows: CH4 (7 kg/TJ)
and N20 (2 kg/TJ).

Figure 3.9 GHG emissions from international navigation, 1990-2020
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Table 3.13 Emissions and fuel for international navigation, 1990-2020

Navigation

CO: CHa4 N20 CO2 eq. bunkers

Year (kt) (kt) (kt) (kt) (1)
1990 379 0.035 0.01 383 5035
1991 423 0.039 0.01 428 5622
1992 347 0.032 0.01 351 4 626
1993 313 0.029 0.01 316 4 148
1994 351 0.033 0.01 354 4 656
1995 587 0.055 0.02 593 7 819
1996 395 0.037 0.01 399 5248
1997 502 0.047 0.01 507 6 658
1998 509 0.047 0.01 514 6 689
1999 894 0.083 0.02 903 11 810
2000 1279 0.118 0.03 1292 16 861
2001 749 0.069 0.02 756 9 848
2002 1690 0.156 0.04 1707 22 334
2003 1964 0.183 0.05 1984 26 127
2004 3168 0.294 0.08 3200 41 988
2005 3376 0.312 0.09 3411 44 586
2006 3127 0.287 0.08 3159 41 059
2007 2 355 0.212 0.06 2 379 30 323
2008 2325 0.211 0.06 2348 30 114
2009 2 854 0.257 0.07 2 882 36 737
2010 2 407 0.217 0.06 2431 31 058
2011 1951 0.176 0.05 1971 25 160
2012 2618 0.237 0.07 2 645 33786
2013 2 892 0.261 0.07 2921 37 316
2014 3260 0.294 0.08 3292 41 958
2015 2742 0.248 0.07 2769 35 358
2016 3 006 0.271 0.08 3036 38 654
2017 2871 0.262 0.08 2900 37 487
2018 3101 0.284 0.08 3132 40 520
2019 2 833 0.260 0.07 2 862 37 186
2020 1726 0.162 0.05 1744 23 145

Recalculations:

There is no recalculation for this category.
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3.2.3.Feedstocks, Reductants and other non-energy use of fuels

In accordance with the 2006 IPCC Guidelines, AD and emissions associated with the non-energy use of

fuels are not reported within the fuel combustion subsector.

The table below summarize reporting of carbon stored and emissions related to use of feedstock,

reductants and other non-energy use of fuels.

Table 3.14 Summary table for use of feedstock, reductants and other non energy use of

Use of fuel

Reported in inventory

Data Source

Reductant for ferroalloy
production

Reductant for carbide
production

Reductants for steel
production in Electric Arc
Furnaces

Reductants for steel
production in integrated iron
and steel plants

Feedstock for ammonia
production

Feedstock for petrochemical
industry

Use of lubricants

Use of parrafin and wax

Use of bitumen for road

paving, asphalt roofing etc.

Refinery feedstocks

Emissions in 2.C.2; in RA
subtracted from coke

Emissions is 2.B.5; in RA
subtracted from coke

Emissions in 2.C.1; in RA
subtracted from coke oven coke
and natural gas

Emissions is 2.C.1; in RA
subtracted from coking coal

Emissions in 2.B.2; in RA
subtracted from natural gas

Carbon stored, in RA subtracted
from naphta

Emissions in2.D.1; in RA
subtracted from other oil

Emissions in 2.D.1; in RA
subtracted from other oil

Carbon stored, in RA subtracted
from other oll

Carbon stored, in RA subtracted
from other oll

Plant specific

Plant specific

Estimated from EAF primary
steel production data

Plant specific

Plant specific

National energy balance table

National energy balance table
(Aggregated under other oil)

National energy balance table
(Aggregated under other oil)

National energy balance table
(Aggregated under other oil)

National energy balance table
(Aggregated under other oil)
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Fossil fuels are used in integrated iron and steel plants for reducing iron ore into iron metal. The
reduction process causes CO: emissions. These emissions are reported under IPPU category. The
amount of carbon (fossil fuel originated, not limestone etc.) reported in the IPPU is converted into the

amount of coking coal and it is subtracted from the reference approach.

In the national energy balance tables, feedstock and non-energy use of fuels are given separately and
those consumptions are not included in fuel consumptions. Naphtha is given as feedstock in the national
energy balance tables. Fuels used for non-energy purposes are lubricants, bitumen, solvents and
rafinery feedstocks. But they were not given separately in the national energy balance tables till 2015.

They were given as aggregated form under “other petroleum products".

Emissions from lubricants and paraffin-wax use are included under 2.D-non-energy products from fuels
and solvent use category. However, bitumen is used for road paving or asphalt roofing purposes and
carbon is stored in the products it is not released. Refinery feedstock is used in the refining industry
and is transformed into one or more components and/or finished products. Naphtha is used as feedstock

for petrochemical industry.
Recalculation:

There is no recalculation in this sector.

3.2.4.Energy industries (Category 1.A.1)

Source Category Description:

This source category includes the emission from the public electricity and heat production, petroleum
refining and manufacture of solid fuels in Tirkiye. This category is one of the main emission sources in
Tirkiye. The share of GHG emissions as CO2 eq. from energy industries in total fuel combustion was
39.8% in 2020 while it was 28% in 1990. The source category 1.A.1 is a key category in terms of

emission level and emission trend of CO2 from liquid, solid and gaseous fuels in 2020.
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Table 3.15 GHG emissions from energy industries, 1990-2020

Fuel

CO; CH4 N.O CO:eq. consumption

Year (kt) (kt) (kt) (kt) (17
1990 37 139 0.4 0.4 37 262 395 856
1991 38 679 0.5 0.4 38 808 411244
1992 43 174 0.5 0.5 43 321 456 727
1993 42 590 0.5 0.4 42 733 455 875
1994 48 873 0.6 0.5 49 040 519 646
1995 50 272 0.6 0.5 50 440 545 725
1996 54 243 0.6 0.6 54 425 584 018
1997 59 346 0.7 0.6 59 544 647 072
1998 64 899 0.8 0.7 65 115 712 882
1999 70 116 0.9 0.7 70 339 802 036
2000 77 486 1.0 0.7 77 725 906 993
2001 79 743 1.0 0.7 79 986 942 482
2002 74 045 1.0 0.6 74 258 895 197
2003 73 976 1.0 1.7 74 516 927 231
2004 75 039 1.0 2.1 75 695 936 466
2005 90 164 1.2 2.6 90 957 1115 256
2006 95 797 1.3 2.9 96 686 1184 557
2007 113152 1.6 3.8 114 326 1 406 230
2008 118 765 1.6 4.0 120 000 1484 961
2009 118 287 1.7 4.5 119 674 1474 100
2010 112917 1.7 4.0 114 151 1414 803
2011 124 958 1.9 4.2 126 265 1562 958
2012 125 865 1.9 3.8 127 058 1597 608
2013 120 366 1.8 4.1 121 620 1526 230
2014 131 143 1.9 4.4 132 490 1698 737
2015 134536 1.9 3.9 135 736 1704 217
2016 144 655 2.0 4.1 145 940 1787 203
2017 155914 2.1 4.6 157 331 1954 726
2018 158 360 2.0 3.4 159 409 1936 301
2019 148 637 1.8 2.7 149 489 1722019
2020 142 026 1.8 2.9 142 927 1728 330

Methodological Issues:

2006 IPCC Guidelines T2 and T3 approaches were used for emission calculation in energy industries.
The emissions from public electricity and heat production (1.A.1.a) are calculated on the basis of plant
specific fuel consumption and NCVs with country specific carbon contents of fuels. For petroleum refining
sector, fuel data, NCV and carbon content of fuels were compiled directly from the refineries. For
manufacture of solid fuels (1.A.1.c) category, plant specific AD and carbon content were used in the

emission estimation.
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Emissions from CRF category 1.A.1.a, have been estimated by the MENR by using 2006 IPCC T2, T3
approaches. Plant-specific NCVs were used to calculate heat values that led to emissions. Plant level
fuel consumption and NCVs of fuels are received from Turkish Electricity Transmission Company (TEIAS-
authority for Turkish electricity transmission). Carbon contents of fuels are calculated using fuel analysis
reports and oxidation rates are calculated using ash and slag analysis reports for solid fuels, and stack
gas analysis reports for liquid and gaseous fuels. CO2 emissions from liquid, solid and gaseous fuels
used in public electricity and heat production (1.A.1.a) are calculated using country specific carbon
content of fuels and oxidation rates. For biomass and other fossil fuels on the other hand, default carbon
contents and oxidation rates were used given in the 2006 IPCC Guidelines. Activity data of CH4 and N2O
emissions from CRF category 1A1la, have been estimated by using plant specific fuel consumption and
NCVs. For the years 2000-2020 technology information of power plants were obtained. According to
type of technology, using 2006 IPCC Guidelines for National Greenhouse Gas Inventories, emission

factors were chosen in order for CH4 and N20O to be estimated with Tier 3.

Emissions from petroleum refining (CRF 1.A.1.b) were calculated according to 2006 IPCC T2 approach
by TurkStat. Fuel consumption, NCVs and carbon content of fuels were compiled directly from refineries.
CO2 emissions from 1.A.1.b were calculated by using average carbon contents of fuels used in the
refineries with IPCC default oxidation rates. CH4 and N.O emissions from CRF category 1.A.1.b, have
been estimated by using refineries total fuel consumption and average NCVs for refineries with IPCC
default EFs.

Emissions from manufacture of solid fuels (CRF 1.A.1.c) were calculated according to 2006 IPCC T2, T3
approaches by TurkStat. Coke production in integrated iron and steel production plants have been
considered in this category. Plant specific fuel consumption, NCVs and carbon content of fuels were
compiled from each plant. CO2 emissions from 1.A.1.c were calculated by using plant specific AD, carbon
contents of fuels and IPCC default oxidation rates. CH4 and N2O emissions from CRF category 1.A.1.c,

have been estimated by using plant specific fuel consumption and NCVs and IPCC default EFs.
Recalculation:

There is no recalculation in this sector.
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3.2.4.1. Public electricity and heat production (Category 1.A.1.a)
Source Category Description:

Public electricity and heat production category includes electricity and heat production of all electricity
generation installations in operation, including auto producers. Auto producers are the facilities that
produce electricity that they use for their purposes. Their AD (Activity Data) for electricity production
and sold heat are taken under 1.A.1.a. Unsold heat, namely the heat they use for industry purpose, on
the other hand, is taken under the related industry subcategory they belong to avoid double-counting
for the whole time series. For 1.A.1.a sector, plant-specific AD's are gathered from Turkish Electricity

Transmission Company (TEIAS).

Total installed capacity reached 95,891 MW with a 5% increase from the previous year and nearly 5.9
times higher than the 1990 values. The total gross electricity consumption increased by 0.9% in 2020
compared to the previous year. In 2020, gross consumption was 306,109 GWh; meanwhile, in 2019,
this figure was realized as 303,320 GWh. Above mentioned installed capacities, and consumption
amounts belong to electricity production companies and auto producers as well. In 2020, hydro had a
high share of 25.5% in all electricity production, which was followed by natural gas (23.1%), other
bituminous coal (22.1%), Turkish lignite (12.4%), other renewable and wastes (16.8%) and oil (0.11%).
From 2019 to 2020, electricity production from hydropower plants decreased by 12.1%. The amount of
electricity produced from Turkish lignite has decreased from 46.87 TWh to 37.94 TWh . On the other
hand, electricity production from other bituminous coal increased from 66.02 TWh to 67.87 TWh and
natural gas from 57.29 TWh to 70.93 TWh.

In 2020 electricity production from fossil-fueled thermal power plants has accounted for 177.066 TWh
of 306.703 TWh production, while in 2019, electricity production from fossil-fueled thermal power plants
had accounted for 170.518 TWh of a total of 303.898 TWh production. Fossil fueled thermal share in
electricity production increased from 56.11% in 2019 to 57.73% in 2020.
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Figure 3.10 Energy mix of category 1.A.1.a, 1990-2020*
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There was an increase in wind installed capacity from 7,591 MW in 2019 to 8,832 MW in 2020.
Renewable Law, which came into force in 2005 later revised in 2011, provided some supporting
mechanisms for purchasing electricity from solar, biomass, geothermal, wind, and hydraulic energy. In
the year 2020, solar power plants installed capacity raised to 6,667 MW. The voluntary carbon market's
role is important to mention, as many wind projects in the country generate and sell the voluntary

carbon credits.

Electricity generation from animal and yard waste has increased by 24% compared to the previous year,
reaching 1,485 MW of installed power, generating 5,737 GWh of power in 2020.

In 2020, Total Primary Energy Supply (TPES) of Tirkiye was 6 161 637.93 TJ, a 2 % increase compared
to 2019. Oil had a share of 1 766 395.16 TJ while hard coal and natural gas accounted for 1 065
510.94 Tl and 1 666 582.38 TJ, respectively.

'Electricity Statistics, TEIAS (https://www.teias.gov.tr/tr-TR/turkiye-elektrik-uretim-iletim-istatistikleri )
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Figure 3.11 Electricity generation and shares by energy resources, 2019 - 20202
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Figure 3.12 Electricity generation and shares by energy resources, 1990 - 20203

45%
40%
35%
30%
25%
20%
15%
10%

5%

0%

40.2%
35.1% 34.5%

25.5%
23.1%

17.7% 16.8%

6.9%

m Coal mLiquid Fuels m Natural Gas mHydro HRenewable energy and Wastes

0.1%

0.1%

1990 2020

Primary energy (domestic) production was 1 845 086.77 TJ in 2020 and provided 30% of the overall
energy supply. The share of imports in TPES decreased from 80% in 2019 to 78% in 2020.

2Electricity Statisticts, TEIAS (https://www.teias.gov.tr/tr-TR/turkiye-elektrik-uretim-iletim-istatistikleri )
3Electricity Statisticts, TEIAS (https://www.teias.gov.tr/tr-TR/turkiye-elektrik-uretim-iletim-istatistikleri )
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The production of solid fossil fuels, excluding animal & yard waste, has decreased from 726 382.56 TJ
in 2019 to 658 188.76 TJ in 2020. The main domestic energy source remains as Turkish lignite, with
production decreased from 83.69 Mt in 2019 to 71 637.40 Mt in 2020, which represented a decline by
about %14,41

GHG emissions from public electricity and heat production in total fuel combustion were 36.7% in 2020,
and even it was 24.4% in 1990. According to Table 3.16, fuel consumption increased from 1 580 085
TJin 2019 to 1 585 675 TJ in 2020 when the CO2 emissions decreased from 138 273 kt in 2019 to 130
770 kt in 2020. In other words, fuel consumption increased by 0.4% compared to the previous year,
while CO2 emissions decreased by 5.4%. The main reason for this situation is that the coal share in
electricity generation decreased from 37.1% in 2019 to 34.5% in 2020, while natural gas share in

electricity generation increased in 2020 (23.1%) compared to the previous year (18.9%).

Table 3.16 Emissions from category 1A1a, 1990-2020

Year CO: CHa N20 CO:2€q. Fuel
1990 32823 0.3 0.4 32938 346 707
1991 34 429 0.4 0.4 34 550 362 934
1992 39 047 0.4 0.4 39 186 408 249
1993 38 255 0.4 0.4 38 390 403 148
1994 44 562 0.5 0.5 44 721 466 134
1995 45 860 0.5 0.5 46 020 490 230
1996 49 744 0.5 0.5 49 919 529 408
1997 54 810 0.6 0.6 55 000 590 895
1998 60 336 0.7 0.6 60 544 656 466
1999 65 778 0.8 0.7 65993 749 301
2000 73 139 0.9 0.7 73371 854 300
2001 75 351 0.9 0.7 75 586 888 392
2002 69 374 0.8 0.6 69 578 834 375
2003 68 970 0.9 1.7 69 501 862 965
2004 69 840 0.9 2.1 70 485 866 064
2005 84 623 1.1 2.5 85 407 1 036 864
2006 90 115 1.2 2.9 90 994 1103 265
2007 107 431 1.4 3.8 108 595 1 323 995
2008 112 408 1.5 4.0 113 633 1389 232
2009 113 842 1.6 4.5 115 222 1413 335
2010 107 664 1.6 4.0 108 892 1344 379
2011 118 730 1.8 4.2 120 031 1478 115
2012 119 702 1.8 3.8 120 889 1 512 807
2013 114 861 1.7 4.0 116 110 1451 358
2014 125 665 1.8 4.3 127 006 1624 731
2015 126 767 1.8 3.8 127 958 1 591 475
2016 134 280 1.9 4.1 135 554 1 644 763
2017 144 814 1.9 4.6 146 220 1 804 038
2018 148 992 1.9 3.3 150 032 1791 670
2019 138 273 1.7 2.7 139 116 1 580 085
2020 130 770 1.7 2.9 131 662 1 585 675
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Methodological Issues:
Activity Data

The plant-specific activity data for the whole time series is obtained from Turkish Electricity Transmission
Company (TEIAS) in a compiled form. After data obtaining, sector experts checked whether there were
data errors or omissions, and then data compared with fuel specific default values from IPCC guidelines
and literature. Cross checks, including fuel capacity factor controls, and examining outliers give some
opinion about data consistency. Suspicious data are corrected by getting in contact with Turkish
Electricity Transmission Company (TEIAS).

As soon as the sector experts are assured about data reliability, data entry to the overall calculation
table begins. After entering data of every single plant that produced electricity in the related year, the
heat content of fuels is calculated with plant-specific data obtained from Turkish Electricity Transmission
Company (TEIAS). In order to obtain plant-specific activity data, the amount of feedstock fuel used is
multiplied by plant-specific NCVs to get heat values in terms of T]. Average NCVs are given in Table
3.17.

Table 3.17 Average NCVs of fuels used in category 1.A.1.a

(T3/kt)
Weighted

Fuel Type average Default
Sub-Bituminous Coal 14.53 18.90
Natural gas 53.37 48.00
Residual Fuel Qil 47.82 40.40
Other bituminous coal 23.82 25.80
Turkish lignite 6.82 11.90
Gas\Diesel Oil 43.25 43.00

The multipliers of EF, namely, carbon content and oxidation rates, were calculated. For Turkish lignite,
sub-bituminous, and other bituminous coal, ultimate analysis results obtained from coal-fired power
plants were used to calculate the related coal types' carbon content. The same procedure was applied
for liquid fuels through residual fuel oil characteristics and mass percentage of carbon. For natural gas,
volumetric fractions of gas concentrations were obtained through gas chromatography analysis from
Petroleum Pipeline Company (BOTAS). Using the gases and some stoichiometry density, each gas
compound's carbon mass amount was calculated and summed up to reach an overall carbon amount.
The oxidation rate of solid fuels was calculated using the mass percentage of carbon in ash-slag analysis
reports obtained from coal-firing plants. For gaseous fuels, measured CO concentrations in the stack
gas were used in order to calculate the mass percentage of the unoxidized carbon and then the oxidation

rate of the related fuel. In order to calculate the oxidation rate of gaseous fuels (natural gas), CO
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concentrations measured in the stack gas of the related plants were obtained from the Ministry of
Environment and Urbanization. Some of the analysis reports and calculation steps were shared in Annex
3. COz2 EFs used for source category 1.A.1.a were listed in Table 3.18 for the whole time series on a fuel

basis.

For CH4 and N20 emissions starting from the year 2000, plant-specific technology classification
information was obtained from Turkish Electricity Transmission Company (TEIAS). Using Table 2.6:
Utility Source Emission Factors from Stationary Combustion Chapter of Guideline, Tier 3 EFs for CH4 and

N20 were chosen.

EFs for CH4 and N20O were listed in Table 3.19 for the whole time series on a fuel basis.

Turkish GHG Inventory Report 1990-2020
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Table 3.19 CH4 and N20O emission factors used for source category 1.A.1.a

(kg/TJ)
Fuel Types CH4 N2O
Liquid Fuels
Fuel Oil
Steam 0.8 0.3
Internal Combustion 0.8 0.3
Combined Heat 0.8 0.3
Liquid Fuels
Diesel Oil, Naphtha
Steam 0.9 0.4
Internal Combustion 0.9 0.4
Combined Heat 0.9 0.4

Solid Fuels
Turkish Lignite and Sub-Bituminous and
Other Bituminous Coal

Dry bottom, wall fired 0.7 0.5
Fluidised Bed 1 61
Lignite (other types of

technology) 0.7 1.4
Sub-Bituminous and

Coking Coal 0.7 1.4
Natural Gas

Boiler 4 1
Gas Engine 4 1
Gas Turbine 4 1
Internal Combustion 4 1
Combined Heat 1 3

Other Fuels

Coke Oven Gas 1 0.1
Blast Furnace Gas 1 0.1
Oxygen Steel Furnace Gas 1 0.1
Coal Tar 1 1.5
LPG 1 0.1
Refinery Gas 1 0.1
Petroleum Coke 3 0.6
Other Petroleum Products 3 0.6
Black Liquor 3 2
Industrial Waste 30 4
Biomass

Biogas 1 1
Wood waste 11 7
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Comparability and Accuracy through Nomenclature Change:

NCV of Turkish lignite differs significantly from that of the Energy Statistics Handbook and general fuel
literature. It is even lower than the lowest value of lignite in all reports of the Parties. Analysis reports
support this NCV data of Turkish lignite. Its average carbon content in 2020 is 29.8 kg/GJ, approaches
the upper limit of 2006 IPCC Guidelines (31.3 kg/GJ). To recategorize our local lignite, we renamed it

as "Turkish Lignite" to separate it from literature lignite and avoid misleading comparisons.
Carbon Capture and Storage in 1.A.1.a, if applicable

CO2 capture from flue gases and CO: storage is not occurring in Tlrkiye, except pilot scaled research
fields.

Implied Emission Factor (IEF) Trends and Comments

IEFs were examined in the following table to see time-series consistency for solid, liquid, gaseous fuels,
and biomass.

Turkish GHG Inventory Report 1990-2020
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Table 3.20 IEFs of fuels used for category 1.A.1.a, 1990-2020

CO> CH,4 N-O
Solid Fuels Liquid Fuels Gaseous Fuels Biomass Biomass

Electrici Electrici Electrici Electrici Electrici
Years CHP Generatiotlz CHP Generatiotlz CHP Generatiotlz CHP Generatiotr{ CHP Generatiotr{
1990 - 113.41 - 76.88 58.23 58.23 - - - -
1991 - 113.42 - 76.89 58.23 58.23 - - - -
1992 - 113.01 - 76.93 58.23 58.23 - - - -
1993 - 112.79 - 76.93 58.23 58.23 - - - -
1994 - 112.62 - 76.93 58.23 58.23 - - - -
1995 - 112.78 - 76.74 58.23 58.23 - - - -
1996 - 112.60 - 76.70 58.23 58.23 - - - -
1997 - 112.43 - 76.52 58.23 58.23 - - - -
1998 - 112.28 - 76.13 58.23 58.23 - - - -
1999 - 111.56 - 75.66 58.23 58.23 - - - -
2000 120.03 110.51 74.03 75.55 58.23 58.23 4.80 292 213 1.65
2001 117.56 111.08 65.95 74.80 58.23 58.23 4.84 3.78 2.14 1.48
2002 123.56 112.39 75.38 76.50 58.23 58.23 4.80 473 2.13 1.59
2003 128.20 109.22 75.75 76.57 58.23 58.23 3.13 2,57 2.08 1.85
2004 130.18 108.85 75.99 76.48 58.23 58.23 3.00 1.89 2.00 1.44
2005 125.53 109.76 76.05 76.09 58.23 58.23 2.37 1.11  1.68 1.06
2006 140.06 110.54 76.95 75.96 58.23 58.23 2.61 1.44 181 1.22
2007 137.25 110.10 76.96 76.05 58.23 58.23 2.28 1.37 1.64 1.18
2008 136.91 107.98 76.94 76.05 58.23 58.23 2.83 141 2.02 1.22
2009 138.78 109.37 73.76 76.07 58.23 58.23 3.52 1.33 244 1.18
2010 130.35 107.83 70.62 76.10 58.23 58.23 4.57 1.44 3.06 1.25
2011 134.30 105.10 69.63 75.41 58.23 58.23 241 1.08 1.82 1.05
2012 132.06 102.89 60.18 73.23 58.23 58.23 1.11 1.10 1.03 1.05
2013 132.06 105.23 61.41 73.84 58.23 58.23 1.54 1.10 1.31 1.05
2014 111.14 100.49 64.07 75.79 58.23 58.23 2.29 1.09 1.74 1.05
2015 105.74 101.35 69.34 73.52 58.66 58.66 1.40 1.07 1.23 1.04
2016 120.84 101.98 76.97 74.00 56.04 56.04 1.38 1.04 1.22 1.02
2017 107.77 102.26 76.97 73.24 56.02 56.02 1.25 1.02 1.14 1.01
2018 119.49 101.49 76.97 76.24 55.75 55.75 1.76 1.31 145 1.19
2019 117.31 102.14 76.97 75.73 55.50 55.50 1.93 1.81 1.56 1.49
2020 112.17 100.79 76.97 76.36 53.77 53.77 1.63 2.98 1.38 2.18

IEFs of CO: ranges from 101 to 140 t/TJ. It is mainly because of local Turkish lignite and its share in
solid fuels. Unlike literature lignite of statistics manual, Turkish lignite has a very low NCV, about one-
fifth of literature. Its share in the solid fuels affects the overall IEF causing a dramatic rise and fall like
its trend through the years 2001-2014 for 1.A.1.a.i.

IEFs of gaseous fuels do not change considerably over time; for example, IEFs of CO2 ranges from 53.77
to 58 t CO2/TJ. The reason for this change is the use of more gas chromatography results for analysis.

After 2000 the values of CHP Generation are the same as Electricity Generation.
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Fluctuations in IEFs, especially declines, are mainly owing to the increasing share of biogas. Rising in
the trend, however, due to the share of black liquor. "Other Fossil Fuels" node is used for industrial

wastes data reporting consisting of the clinic and hazardous wastes.

Emission estimation with T2, T3 approach using plant-specific data is compared with the T1 emission
estimation using fuel data from national energy balance tables. Comparison with the T1 emission

estimation results is given in Table 3.21.

Table 3.21 Comparison of GHG emissions from 1.A.1.a category ,1990-2020

GHG emissions with

GHG emissions national energy balance

with plant-specific data data Difference

GHG GHG GHG
Emission Fuel Emission Fuel emission Fuel
(kt CO2 consumption (kt CO2 consumption (kt CO2 consumption
Year eq.) (T3) eq.) (T3) eq.) (T3)
1990 32938 346 707 35135 360 733 2197 14 026
1991 34 550 362 934 36 671 374 744 2121 11 810
1992 39 186 408 249 41 384 423 770 2198 15521
1993 38 390 403 148 40 872 418 681 2 482 15533
1994 44 721 466 134 47 350 484 105 2 629 17 971
1995 46 020 490 230 48 744 509 424 2724 19 194
1996 49 919 529 408 53 090 551 496 3171 22 088
1997 55 000 590 895 58 085 612 189 3085 21 294
1998 60 544 656 466 63 520 680 233 2976 23 767
1999 65 993 749 301 68 479 763 845 2 486 14 544
2000 73 371 854 300 80 991 956 721 7 620 102 421
2001 75 586 888 392 83 151 990 341 7 565 101 949
2002 69 578 834 375 77 176 943 244 7 598 108 869
2003 69 501 862 965 81 320 990 602 11 819 127 637
2004 70 485 866 064 77 478 969 140 6 993 103 076
2005 85 407 1036 864 84 970 1067 718 - 437 30 854
2006 90 994 1103 265 92 884 1148 644 1890 45 379
2007 108 595 1323 995 108 573 1 352 507 -22 28 512
2008 113 633 1389 232 118 630 1471 363 4 997 82 131
2009 115 222 1413 335 112 112 1396 319 -3110 -17 016
2010 108 892 1344 379 113 798 1 424 965 4 906 80 586
2011 120 031 1478 115 125 560 1 552 324 5529 74 209
2012 120 889 1512 807 126 359 1 581 762 5470 68 955
2013 116 110 1451 358 119 945 1519 612 3835 68 254
2014 127 006 1624 731 136 476 1726 147 9 470 101 416
2015 127 958 1 591 475 127 582 1 561 850 - 376 -29 625
2016 135 554 1 644 763 135 622 1647 281 68 2518
2017 146 220 1 804 038 150 275 1812282 4 055 8 244
2018 150 032 1791671 156 740 1 829 058 6 708 37 387
2019 139 116 1 580 085 147 507 1 620 581 8 391 40 496
2020 131 662 1 585 675 139 561 1621 157 7 899 35482
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The differences between T1 (national energy balance data) and T2, T3 (plant-specific data) results are
mainly related to the solid fuels, especially NCVs of Turkish lignite. Because of the Turkish lignite's
character, its NCV is lower than the lignite in literature. In plant-specific data, especially NCV of lignite
changes in a wide range as 1000-5400 kg/kcal. However, in national balance tables, an average NCV
value is around 2000 kcal/kg. Based on the quality of lignite used in a specific year, consumption in TJ
differs from the national energy balance data. This causes differences in emissions. For example, in
2005, 42% of lignite consumed in 1Ala category has NCVs less than 1500 kcal/kg, 58% has NCVs in
1700-6000, while NCV in the national balance table is used as 1400 kcal/kg for 2005. Therefore, lignite
consumption in CRF (plant-specific data) is 16,2% higher than national balance figures. On the other
hand, in 2014, 70% of lignite consumption in plant-specific data has NCV less than 2000, while in
national balance average NCV for lignite is used as 2100 kcal/kg. That results in a 12.1% decrease in
lignite consumption in TJ (Table 3.22). With the improvements in the energy balance table in recent
years, the difference between the plant-specific NCV and national balance average NCV has decreased

gradually, but there was an increase 1.0% in 2020.
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Table 3.22 Comparison of solid fuel consumption, 1990-2020

Plant specific data National energy balance data
Hard coal Lignite Hard coal Lignite
consumption consumption consumption consumption
Year (kt) (T3) (kt) (T3) (kt) (T3) (kt) (7))
1990 474 7 761 29 884 205 169 474 7 764 29 884 202 692
1991 782 10 611 32293 217 563 782 10 615 32293 219301
1992 1339 17 428 35318 240 051 1339 17710 35318 241619
1993 1298 17 027 31917 230652 1298 17320 31917 232249
1994 1441 18 977 39701 277 193 1441 19 222 39701 278917
1995 1246 15 866 39815 275859 1245 16 232 39815 277051
1996 1476 18 792 42 441 302290 1476 19200 42441 304 029
1997 1828 22 942 45694 324 707 1828 23 343 45694 326 189
1998 1 884 23778 52115 353093 1 885 24 332 52115 354785
1999 1729 23943 53780 359678 1729 24714 53780 361615
2000 1942 30 130 52539 371196 1942 30100 52540 373 143
2001 2 167 35209 52883 372593 2179 35580 52872 374017
2002 1945 32979 41883 307731 1945 33 005 41901 307 004
2003 3614 75116 34167 246 969 3614 75171 34784 288937
2004 4471 99 803 32994 242008 4471 99 848 32933 242124
2005 5174 108 533 47 414 324 826 5171 108 531 47 413 272791
2006 5476 119784 49709 337 847 5476 119862 49709 338073
2007 5913 131324 60 536 408 777 50912 131410 60 536 409 045
2008 6197 137584 65685 441791 6197 137 667 65685 442080
2009 6361 140943 62894 424612 6361 141044 62894 397 279
2010 6935 154215 55437 389 958 6934 154272 55436 391552
2011 10116 230 759 60 271 423 208 10117 247 412 60 271 423 429
2012 11760 287 433 54 584 378 208 11761 287616 54586 378 692
2013 11707 279 108 45919 327977 11707 279 238 45919 328 369
2014 13826 332019 51967 363512 14039 337 447 57 411 407 424
2015 16 126 389 644 48 820 350 379 16 071 388 577 48 755 349 232
2016 17966 436 847 58 974 420 041 17966 436 657 58974 424 445
2017 19485 466 990 62 837 432048 19485 466 466 62 837 438039
2018 23437 555837 71990 482 560 23437 555596 71990 487535
2019 23321 548539 74 397 505 425 23320 547944 74396 512511
2020 24235 553 834 61471 407 980 23 653 555774 59 835 412198

Uncertainties and Time-Series Consistency

AD's have been compiled from all public electricity and heat production facilities by Turkish Electricity
Transmission Company (TEIAS) via survey. As a result of the change made in the activity data source,
no bias in total electricity production was published in the Activity Report of TEIAS. On the other hand,
compared to General Energy Balance Sheets AD of 1.A.1.a category had some bias in the amount of
fuel used. Experts of MENR determined uncertainties. For hard coal and Turkish lignite, there is no bias
for AD. There is no bias in 2020.
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CO:2 emission factors uncertainties

Solid fuels: Turkish lignite, other bituminous coal, sub-bituminous coal tar, coke oven gas, blast
furnace gas, and oxygen steel furnace gas have been used as solid fuels in 1.A.1.a category, and
combined uncertainty for solid fuels was calculated as 3.5% with Approach 1 method. In 2019
submission combined uncertainty estimates of solid fuels are quantified using the Monte Carlo
simulation. Uncertainty in Solid fuels CO2 emissions in 2017 are estimated at -2.97% to +2.91% with
Approach 2 method. For more details, please refer to the Uncertainty chapter at the end of the Inventory

report in Annex 2.

Liquid fuels: Residual fuel oil, diesel oil, naphtha, LPG, petroleum coke, refinery gas, and other oil
products have been used as liquid fuels in 1.A.1.a category. The combined uncertainty for these liquid
fuels was calculated as 4.24% with the Approach 1 method. In 2019 submission combined uncertainty
estimates of Liquid fuels are quantified using the Monte Carlo simulation. Uncertainty in Liquid fuels CO2
emissions in 2017 are estimated at £2.65% with Approach 2 method. For more details, please refer to

the Uncertainty chapter at the end of the Inventory report in Annex 2.

Gaseous Fuels: Natural gas has been used as gaseous fuels in 1.A.1.a category, and uncertainty for
gaseous fuels was calculated as 1.5% with the Approach 1 method. In 2019 submission combined
uncertainty estimates of Gaseous fuels are quantified using the Monte Carlo simulation. Uncertainty in
Gaseous fuels CO2 emissions in 2017 are estimated at -1.46% to +1.47% with the Approach 2 method.

For more details, please refer to the Uncertainty chapter at the end of the Inventory report in Annex 2.

Biomass: Default EF in 2006 IPCC Guidelines on page 1.26 in the landfill gas distribution figure the
most frequent EF is 47 000 kg/TJ. The default value that we used for biomass is 54 600 kg/TJ. Bias in
between is 13.91% that was taken as uncertainty for biogas. Default EF in 2006 IPCC Guidelines on
page 1.27 in the wood/wood waste distribution figure the most frequent EF is 103 000 kg/TJ. The
default value that we used for wood/wood waste is 112 000 kg/TJ. Bias in between is 8% that was
taken as uncertainty for wood/wood waste. These two biomass fuels' uncertainties were combined using
a weighted average according to the generated heat amount. So the combined uncertainty for biomass
is 9.57%.

Other Fossil Fuels: Default EFs were taken from 2006 IPCC Guidelines for Industrial wastes (mainly
composed of hazardous and clinic waste) and waste oils. On the other hand, there was no default

uncertainty value for industrial waste EF throughout the guideline.

EFs uncertainty for CH4 and N2O were taken from 2006 IPCC Guidelines Vol.2 page 2.38 Table 2.12 and

considered 100% (mid-value in the range).
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Recalculation
There is no recalculation for this category.
Planned Improvement

There is no planned improvement in this category.

3.2.4.2. Petroleum refining (Category 1.A.1.b)
Source Category Description:

All fossil fuels consumed for petroleum refineries process operations were covered in CRF category
1.A.1.b. However autoproducers within the refineries were included in the 1.A.1.a category. The share
of GHG emissions as CO2 eq. from petroleum refining in energy industries sector (1A1) was 6.4% in
2020 and it was also 6.2% in 1990.
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Table 3.23 Emissions from petroleum refining, 1990-2020

Fuel Share in 1A1

CO2 CH4 N0 CO:2eq. consumption category

Year (kt) (kt) (kt) (kt) (T7) (%)
1990 2289 0.07 0.014 2 295 32091 6.2
1991 2216 0.07 0.013 2222 31 079 5.7
1992 2312 0.07 0.013 2318 33 474 5.4
1993 2 655 0.08 0.014 2 662 38 946 6.2
1994 2 889 0.09 0.016 2 896 42 342 5.9
1995 2 984 0.09 0.016 2991 43 872 5.9
1996 2932 0.09 0.016 2940 42 422 5.4
1997 3000 0.09 0.016 3007 44 520 5.1
1998 3059 0.10 0.017 3 066 44 866 4.7
1999 2873 0.09 0.016 2 880 41 464 4.1
2000 2914 0.09 0.017 2922 41 749 3.8
2001 2 9% 0.09 0.017 3001 43 607 3.8
2002 3342 0.10 0.017 3350 50 707 4.5
2003 3526 0.10 0.018 3534 53136 4.8
2004 3723 0.11 0.019 3731 56 999 5.0
2005 4 265 0.12 0.019 4273 66 632 4.7
2006 4311 0.12 0.019 4320 68 480 4.5
2007 4 475 0.12 0.019 4 483 70 498 4.0
2008 5016 0.13 0.019 5025 82 039 4.2
2009 3147 0.09 0.014 3154 48 778 2.7
2010 3531 0.08 0.012 3537 58 930 3.1
2011 4326 0.09 0.012 4331 73 409 3.5
2012 4210 0.09 0.012 4216 72 549 3.3
2013 3549 0.08 0.010 3554 60 957 3.0
2014 3424 0.07 0.009 3429 59 412 2.6
2015 5503 0.12 0.015 5510 96 958 4.1
2016 8 347 0.16 0.022 8 358 129 038 5.8
2017 8717 0.16 0.019 8727 136 691 5.6
2018 7 044 0.14 0.016 7 053 131 107 4.5
2019 7972 0.14 0.015 7 980 128 096 5.4
2020 9 029 0.14 0.015 9 037 128 401 6.4

Total emissions from petroleum refining were increased by 1 057 kt CO2 eq. from 2019 to 2020 (13%

of increase).

Methodological Issues:

Emissions from petroleum refining (CRF 1.A.1.b) were calculated according to 2006 IPCC T2 approach
by TurkStat. Fuel consumption, NCVs and carbon content of fuels were compiled directly from refineries
by a questionnaire by TurkStat. CO2 emissions from 1.A.1.b were calculated by using average carbon
contents of fuels used in the refineries. 2006 IPCC default oxidation rate was used. CH4+ and N0
emissions from CRF category 1.A.1.b, have been estimated by using refineries total fuel consumption
and average NCVs for refineries and 2006 IPCC default EFs.
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Uncertainties and Time-Series Consistency:

All refineries are covered in the inventory. AD uncertainty both liquid and gaseous fuels for refineries is
considered 2% as indicated in table 2.15 of 2006 IPCC Guidelines Vol.2. Since AD for refineries have
been taken directly from the refineries uncertainty level for survey data were considered and to be

conservative the maximum uncertainty value was used.

EFs uncertainty was taken from 2006 IPCC Guidelines Vol.2 page 2.38. Uncertainty values were
considered as 7% for CO2 and 100% (mid value in the range) for CH4 and N20.

Source-Specific QA/QC and Verification:

Quality control for 1.A.1.b category was performed on the basis of QA/QC plan. It was first confirmed
with refinery authorities that AD do not include the autoproducers consumption in the refinery. Calorific
values provided by the refinery are checked with national average NCVs of fuels to ensure the use of
NCVs in emission estimation. Also carbon content of fuels provided by the refinery checked with IPCC

default values to ensure they are in the range.
Recalculation:

Activity data and newly added and other fuel’s emissions factor have been revised. This recalculation

caused 13.5% change in 2019 emissions as CO: eq.
Planned Improvement:

Emissions from petroleum refining are calculated both plant specific and from national energy balance
tables. However, there are some differences in the results. Plant specific results are reported. However,
there is a continuous work in order to understand the reasons of the differences. Under the MRV
framework, emissions from this category will be replaced with the emissions from plant reported to

Ministry of Environment, Urbanisation and Climate Change in next submission
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3.2.4.3. Manufacture of solid fuels and other energy industries (Category 1.A.1.c)
Source Category Description:

All coke production facilities were covered in CRF category 1.A.1.c. The share of GHG emissions as CO2
eq. from manufacture of solid fuels category in 1A1 category was 1.6% in 2020 while it was 5.4% in
1990.

Table 3.24 Emissions from category 1.A.1.c, 1990-2020

Share in

Fuel 1A1

CO: CHa4 N20 CO: eq. consumption Category

Year (kt) (kt) (kt) (kt) (T3) (%)
1990 2 027 0.017 0.005 2 029 17 058 5.4
1991 2034 0.017 0.005 2 036 17 232 5.2
1992 1815 0.015 0.005 1817 15 004 4.2
1993 1680 0.014 0.003 1681 13 782 3.9
1994 1422 0.011 0.001 1423 11170 2.9
1995 1429 0.012 0.001 1429 11 623 2.8
1996 1567 0.012 0.001 1 567 12 188 2.9
1997 1536 0.012 0.001 1537 11 657 2.6
1998 1504 0.012 0.001 1505 11 550 2.3
1999 1465 0.011 0.001 1 466 11 271 2.1
2000 1432 0.011 0.001 1433 10 944 1.8
2001 1399 0.010 0.001 1399 10 483 1.7
2002 1329 0.010 0.001 1329 10 115 1.8
2003 1480 0.012 0.002 1481 11 129 2.0
2004 1477 0.017 0.004 1478 13 403 2.0
2005 1276 0.013 0.003 1277 11 761 1.4
2006 1371 0.015 0.004 1372 12 812 1.4
2007 1247 0.013 0.002 1248 11 737 1.1
2008 1341 0.014 0.002 1342 13 690 1.1
2009 1298 0.012 0.001 1299 11 988 1.1
2010 1721 0.011 0.001 1722 11 494 1.5
2011 1903 0.011 0.001 1903 11 433 1.5
2012 1953 0.012 0.001 1954 12 251 1.5
2013 1956 0.014 0.001 1 956 13 916 1.6
2014 2 054 0.015 0.001 2 055 14 593 1.6
2015 2 267 0.016 0.002 2 267 15784 1.7
2016 2 028 0.013 0.001 2 028 13 402 1.4
2017 2 383 0.014 0.001 2 384 13 996 1.5
2018 2 323 0.014 0.001 2 324 13 524 1.5
2019 2 393 0.014 0.002 2 393 13 838 1.6
2020 2 226 0.014 0.001 2227 14 254 1.6

Total emissions from manufacture of solid fuels and other energy industries were decreased by 166 kt

CO2 eq. from 2019 to 2020 (6.9% of decrease) due to decrease of fuel consumption.
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Methodological Issues:

Emissions from manufacture of solid fuels (CRF 1.A.1.c) were calculated according to 2006 IPCC T3
approach by TurkStat. Coke production in integrated iron and steel production plants have been
considered in this category. Coke oven gas, blast furnace gas, and rarely natural gas have been used
for heating of coke ovens. Plant specific fuel consumption, NCVs and carbon content of fuels were
compiled from each plant. CO2 emissions from 1.A.1.c were calculated by using plant specific AD, carbon
contents of fuels and 2006 IPCC default oxidation rates. CH4 and N20 emissions from CRF category
1.A.1.c, have been estimated by using plant specific fuel consumption and NCVs and 2006 IPCC default
EFs.

Uncertainties and Time-Series Consistency:

All coke production facilities were covered in the inventory. AD uncertainty for solid fuels for coke plants
were considered 2% as indicated in Table 2.15 of 2006 IPCC Guidelines Vol.2. Since AD have been
taken directly from the coke plants uncertainty level for survey data were considered and to be

conservative the maximum uncertainty value was used.

EFs uncertainty was taken from 2006 IPCC Guidelines Vol.2 page 2.38. Uncertainty values were
considered as 7% for CO2 and 100% (mid value in the range) for CH4 and N20.

Source-Specific QA/QC and Verification:

Quality control for 1.A.1.c category was performed on the basis of QA/QC plan. Calorific values provided
by the coke plants checked with national average NCVs of fuels to ensure the use of NCVs in emission
estimation. Also carbon content of fuels provided by the coke plants compared with 2006 IPCC default
values. Carbon mass balances on integrated iron and steel plants is done in the IPPU sector as a part

of QC/QA of activity data. This control also assures the fuel consumption in the coke ovens.
Recalculation:

No recalculation in this sector.

Planned Improvement:

Recently carbon mass balance on integrated iron and steel plants in cooperation with sector experts

have been done and good results are taken. There is no planned improvement at the moment.
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3.2.5. Manufacturing industries and construction (Category 1.A.2)
Source Category Description:

This source category consists of manufacturing industries sectors. IPCC categorizes manufacturing
industry as iron and steel, nonferrous metal, chemicals, pulp, paper and print, food processing,
beverages and tobacco, non-metallic minerals and other industry. Until, 2015 sectoral breakdown of
national energy balance tables are not fully in line with CRF categories. In the national energy balance
tables, pulp, paper and print sector were presented separately from 2011 onward. It was presented
under “other industries (1.A.2.9)" category before 2011. Food processing category included only sugar
industry for 1990-2010 periods. From 2011 onward all food processing industries were covered but
beverages and tobacco industry were still included under “other industries (1.A.2.9)" category. However,
starting from 2015, national energy balance tables are detailed and provided energy consumption for

all economical activities so GHG emissions are allocated in line with CRF category.
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Table 3.25 Fuel combustion emissions from manufacturing industry and construction,

1990-2020
Share in fuel
Fuel combustion
CO: CHa4 N20 CO2eq. consumption (1A) category
Year (kt) (kt) (kt) (kt) (T3) (%)
1990 37 004 1.84 0.35 37 153 386 908 27.5
1991 40 162 1.96 0.38 40 324 421 807 28.9
1992 39 168 1.69 0.34 39 313 422 604 26.9
1993 39 832 1.78 0.34 39978 441 625 26.2
1994 35741 1.30 0.30 35 863 394 963 24.0
1995 39 843 1.60 0.34 39983 452 068 24.6
1996 50 376 2.37 0.46 50 573 553 552 28.1
1997 55 794 2.65 0.52 56 014 613 749 29.2
1998 55 221 3.01 0.55 55 459 597 667 29.0
1999 47 158 2.28 0.46 47 351 530 985 25.2
2000 57 657 3.44 0.61 57 925 629 742 27.6
2001 45 470 2.16 0.41 45 645 504 554 23.6
2002 56 856 3.17 0.56 57 102 633 369 28.5
2003 66 388 3.59 0.64 66 668 748 880 31.0
2004 63 558 3.48 0.65 63 839 750 894 28.9
2005 62 731 3.13 0.59 62 987 743 394 26.4
2006 69 749 3.96 0.73 70 064 846 725 27.5
2007 71521 4.16 0.76 71 852 867 730 25.3
2008 47 169 1.82 0.40 47 334 578 884 16.9
2009 46 034 1.85 0.42 46 204 550 987 16.2
2010 52 120 1.66 0.46 52 298 639 363 18.7
2011 52 380 1.53 0.44 52 550 662 028 17.5
2012 60 821 1.88 0.50 61017 760 755 