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Agenda

* GHG Inventory of North Macedonia

* Updating GHG inventory in energy sector — Training
e Questionnaires — Results

* Part 1: Source categories, methodological approach for emissions estimation, approach to
data collection, time series consistency

* Part 2: Reference vs sectoral approach, key category analyses, uncertainty analysis, QA/QC
* Interaction with participants (using Mentimeter)
* Presentations by country
* Q/A with participants
* Closing remarks



GHG Inventory of North
Macedonia

Current status and next steps




Inventory process

INTERNATIONAL SUPPORT: GEF and UNDP

-

NATIONAL INVENTORY PROCESS

DATA SUPPLY

STATE STATISTICAL OFFICE (SSO)

: Ministry of Ministry of Public Enterprises f f f
- M P

Ministry of NX?S;?:;” Environment Ministry of Agriculture, Forestry (“Makedonski shumi”, Unlversny' o7 Si. Cyll e

Economy Agency and Physical Economy and Water Economy  pE for Management of Methodious (UKIM) —

(MOE) (MNAV) Planning (MOE) (MAFWE) pastures, National IFEEINE) GiF AR

(MOEPP) ar’ks) Sciences and Food
Joint Stock Macedoni Association of private P (FASF),

Company Chambors of forest owners Center for Faculty of Forestry (FF),

“Macedonian Power Commerce (MCC) efighti = Management of Crisis Institute of Agriculture

v Firefighting Union
Plants” (ELEM) - (FFU) (CMC) (IA)
Industrial Process and -
Energy Product Use (IPPU) Agriculture, Forestry and Other Land Use (AFOLU)

Ministry of
Environment and
Physical Planning

(MOEPP)

Municipalities/
Public enterprises

Waste

v

Precursors and Indirect Emissions

INTERNATIONAL
DATABASES:
UN, FAO,
CORINE LC,
IPCC EF

SL

GHG INVENTORY DEVELOPMENT

E

ENERGY I IPPU ][ AFOLU }E
(MANU) (UKIM — FASF, FF,IA)

WASTE
(MANU)

—

E

(MANU)
Precursors and Indirect Emissions
(MANU)

Ministry of Environment and
Physical Planning (MOEPP)

A N

i

. 1

. 1

VERIFICATION

REPORTING

¢ United Nations Framework

Other Uses:

Quality Control (QC)

Macedonian Academy of
Sciences and Arts
(MANU) - Verification
Team*

External Sectoral
Expert(s)

Quality Assurance (QA)

Macedonian Academy

of Sciences and Arts
(MANU) - Verification
Team*

External Sectoral
Expert(s) —
UNFCCC Certified
Reviewer(s)

Chief Technical Advisor
(CTA)

National Committee on
Climate Change (NCCC)

Global Support
Programme (GSP)

*Only for sectors developed by other institutions

Convention on Climate Change

(UNFCCCQC):
- National Communications
- Biennial Update Reports

e European Environment Agency

(EEA)

e European Union Monitoring
Mechanism Regulation (EU MMR)

¢ National Strategic and
Planning Documents




e 2006 IPCC Guidelines for National Greenhouse Gas Inventories

(Refinements of IPPC Guidelines from 2019)
(http://www.ipcc-nggip.iges.or.jp/public/2006gl/)

* IPPC Inventory Software Ver. 2.54
(http://www.ipcc-nggip.iges.or.jp/software/index.htmil)

* GWP factors - IPCC Forth Assessment Report (AR4), 2007,
100-years time horizon
(https://www.ipcc.ch/site/assets/uploads/2018/05/ar4 wgl full report-1.pdf)



http://www.ipcc-nggip.iges.or.jp/public/2006gl/
http://www.ipcc-nggip.iges.or.jp/software/index.html
https://www.ipcc.ch/site/assets/uploads/2018/05/ar4_wg1_full_report-1.pdf

Overview

* Reported gases:
* GHG: CO,, CH,, N,O, PFCs 1 HFCs
* Indirect: CO, NO,, NMVOC, SO, 1 NH,

* Time series 1990 — 2016
* Latest update for years 2014, 2015 and 2016 in the NIR - 319 BUR

* Tier 2 method applied in:
* Energy (Fuel combustion activities — Country-specific EF for CO, emissions)

* Industrial Processes and Product Use — IPPU (Mineral and metal industry)
e Waste (IPCC FOD method)
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Emissions trend - summary (net em

Net GHG emissions by category (in Gg CO,-eq)
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Emissions trend - summary

Total GHG emissions by category, excluding Forestry and Other land use (in Gg CO2- eq)
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summary

Emissions trend -

eq)

excluding Forestry and Other land use (in Gg CO2-

Total GHG emissions by gas,
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issions - summary

Precursors and indirect em

Emissions of NOx, CO, NMVOC, SO, and NH; (in Gg)
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Energy sector
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Energy sector
* GHG emissions (in Gg CO,-eq)

o By sector

29 80
22.8%
9,648.9 9,757.9 —

9,251.1

8,051.3

7,701.3
7,449.3

1990 2000 2005 2014 2015 2016 1990 2014 2015 2016
"""""""""""""""" ! co2! [l CH4 [ N20
. [ Energy Industries ' [ Non-Specified ] ' ] ]
1
:- Manufacturing Industries and Construction] [ Fugitive emissions from solid fuels
' Transport . M Fugitive emissions from oil and natural gas

Other Sectors



Energy — Energy industries

GHG emissions (in Gg CO,-eq)

J— e Main fuels:

(38.7%)

6,998.3

* lignite (domestic resource)
* natural gas

* Residual fuel oil (gradually replaced by
natural gas)

e GHG emission reduction due to:

e Fuel switch (RFO with natural gas) — for
electricity and heat production

* Reduced electricity generation
(from fossil fuels)

2014 2015 2016

[ Heat Plants
[/ Combined Heat and Power Generation (CHP) Other Energy Industries



Energy — Manufacturing industries and construction

GHG emissions (in Gg CO,-eq)

1,796.5

26.0% P

1990 2000 2005 2014 2015 2016

¥ Non-Ferrous Metals
[ Chemicals I Machinery
Pulp, Paper and Print [l Mining (excluding fuels) and Quarrying

I Non-Specified Industry

* Fuels:

e Coking coal, other bituminous
coal, lignite, liquefied
petroleum gases, residual fuel
oil, natural gas, wood/wood
waste (biomass and wood
wastes, wood briquettes and
pellets), sub-bituminous coal,
petroleum coke, and
gas/diesel oil (road diesel, and
heating and other gasoil



Energy — Transport

GHG emissions (in Gg CO,-eq)

(+165.0%>
— ¥ * Fuels:
20967 . .
 Diesel oil (for transport), motor
1.656.4 gasoline, LPG, motor gasoline (used

in domestic aviation) and natural gas

* Increase in emissions due to

increased number of vehicles
(mostly using diesel)

1990 2000 2005 2014 2015 2016

I Domestic Aviation [ Road Transportation [ Railways



Energy — Other sectors

GHG emissions (in Gg CO,-eq)

7 7a BN

| -76.5%
637.3 — e Fuels:

* lignite, LPG, motor gasoline,
biomass (fuelwood), wood waste,
briquettes and pellets, diesel for
transport and heating oil, and
natural gas

e Reduced emissions due to :

Y * Household — reduced
consumption of heating oil

1990 2000 2005 2014 2015 2016

I Residential [ Agriculture/Forestry/Fishing/ Fish Farms

*CO, emissions from biomass combustion are not included in sector’s total emissions *



Energy — Non-Specified

GHG emissions (in Gg CO,-eq)

ITTE 20N

IBES * Fuels:
417.8

* lignite, LPG, residual fuel oil,
natural gas, biomass (fuelwood),
diesel for transport and heating oil

* Increased emissions due to:

* Increased consumption of fuel
(RFO) in last years

e Peak year is 2005 — higher
consumption of lignite, RFO
and Gas/Diesel Qil in 2005,
while in 2016 there is more
Electricity consumption

I Non-Specified



Energy — Fugitive emissions

GHG emissions (in Gg CO,-eq)

(-26.4%) * Fuels:

NS

* Coal mining and handling — surface
mines (Mining and Post-mining)

* Oil refining and transmission of natural
gas

* The 2019 Refinements of 2006 IPCC
Guidelines introduce a CO, emission factor

2015 2016 * Decrease in emissions due to
reduced production from coal
mines

1990 2000 2005

B Co2 [ CH4 [ N20

2014



e Secure and constant channels for acquiring data on composition and
carbon content of fuels should be established with relevant institutions in
order to facilitate the estimation of country specific emission factors. This
can be achieved by signing some kind of agreement, for instance, a
Memorandum of Understanding.

* Having in mind that there are several existing biogas power plants, their
electricity production should be also taken into account in the next
inventories, especially if more of this type of power plants will become
available in the future. Since there are no data available on the amount of
biogas used for electricity production, it is recommended to develop a
separate study for the existing biogas power plants. This study would be
also relevant for the AFOLU and Waste sectors since the biogas is produced
from manure.



Updating GHG inventory in
energy sector - Training

Questionnaires - Results



Questionnaire - results

s, 1
] Have you ever worked in IPCC 2006 software? Do you know what is “activity data”?
- Have you ever been engaged in
Q ' L r activities related to GHG inventory 8 8 10
i ' /) preparation?
B o
4
3
2
1 1
Energy IPPU NO yes no Conversion Consumption Emission NO

factor of fuel factor
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P O —

. : . ;—A ° °
Questionnaire - results
-1\

Electricity that is consumed by the

industry sectors should be reported 5
9 W ? S r under
s VI
@ﬁ&i}, A 3
2
Manufacturing Industrial Energy None of the
Industry and Processes and Industries above

Construction Product Used

2014,2016,2017 latest inventory,
Other software — IPCC 1996, COPERT, LEAP, own etc.

WHAT IS YOUR EXPECTATION FROM THIS

TRAINING?
5
4 4
To confrmmy  Tounderstand To understand To meet | do not have any
knowledge the IPCC how IPCC 2006 new people expectation
methodology  software works



Updating GHG inventory in
energy sector — 15 part

Source categories, methodological approach for emissions estimation, approach to data
collection, time series consistency

Presenter: Verica Taseska-Gjorgievska



Why is energy sector important?

* Energy sector contributes to approx. 70% of the world emissions
It has the highest share in total GHG emissions for most of the countries

Global greenhouse gas emissions by sector

This is shown for the year 2016 — global greenhouse gas emissions were 49.4 billion tonnes CO,eq.
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OurWorldinData.org - Research and data to make progress against the world’s largest problems.
Source: Climate Watch, the World Resources Institute (2020). Licensed under CC-BY by the author Hannah Ritchie (2020)

Greenhouse gas emissions by sector, World

Greenhouse gas emissions are measured in tonnes of carbon dioxide-equivalents (CO-e).

Our World
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Sector Overview

* 2006 IPCC Guidelines for national GHG inventories identify around 70
source categories of GHG emissions in the Energy sector

* Scope:

* Exploration and exploitation of primary
energy sources

» Conversion of primary energy sources

I TR & -
into more useable energy forms in — h m E ]
QOO0 -

refineries and power plants
ENERGY MANUFACTURING  COMMERCIAL

* Transmission and distribution of fuels ;f% 0O INDUSTRIES INDUSTRIES & RESIDENTIAL
* Use of fuels in stationary and mobile SO | — | —
applications SOLID FUELS OIL & GAS AP, ROAD
INDUSTRIES
* Most emissions are associated with — ._R @ RAIL
.. =00 —
fuels combustion in energy
) : . . TRANSPORT ~&™ AVIATION
industries, mainly in electricity and 4 A
_heft produtctlog aCtIVItheS{ bgt also @ PIPELINES E &1 NavicaTION
in transport and manufacturing manspoRt = e —
industries OF €02 nd STORAGE
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Sector Overview

1.A.1 - Energy

* Source categories , _Industris

1.A.1.a.i - Electricity

Generation
1.A.1.a - Main Activity
Electricity and Heat 1.A.1.a.ii - Combined Heat
_ Production and Power Generation
" (CHP)
\ 1.A.1.b - Petroleum
\ Refining 1.A.1.a.iii - Heat Plants

1.A.1.c - Manufacture 1.A.1.c.i - Manufacture of

1.A.2.a - Iron and Steel

1.A.2.b - Non-Ferrous Metals

1.A.2.c - Chemicals

1.A.2.d - Pulp, Paper and Print

and Tobacco

1.A.2.f - Non-Metallic Minerals

1.A.2.g - Transport Equipment

/vl.A.Ze - Food Processing, Beverages

}7' 1.A.2.h - Machinery

1.C - Carbon of Solid Fuels and Solid Fuels
. Other Energy
dioxide \, Industries
Transport 1A - Fuel \ 1.A.1.c|.iid- Otth.er Energy 1AD-
and Storage ) ndustries .
g Combustion Manuchturmg
el Industries and
> Activities R Construction
1.A.3.a - Civil Aviation
1.A.3 - Transport z;l.A.S.b - Road Transportation
- 1.A.3.c - Railways
1.B.1 - Solid Fuels 1.B- >
Fugitive 1.A.3.d - Water-borne Navigation
1.B.2 - Oil and Natural Gas emissions

from fuels )

1.B.3 - Other emissions
from Energy Production

1.A.3.e - Other Transportation

1.A.4 - Other Sectors

>

. 1.A.4.a - Commercial/Institutional

1.A.4.b - Residential

1.A.5 - Non-Specified

»

1.A.4.c - Agriculture/Forestry/Fishing

1.A.2.i - Mining (excluding fuels) and
Quarrying

1.A.2.j - Wood and wood products

1.A.2.k - Construction

1.A.2.l - Textile and Leather

1.A.2.m - Non-specified Industry




Emissions from fossil fuel combustion

* CO, emissions depend almost entirely on the carbon content of the fuel, and are
independent of the combustion technology

* During the combustion process, most carbon is immediately emitted as CO,. Some carbon is
released as CO, CH, or NMVOCs, which eventually oxidise to CO, in the atmosphere

* CH, and N,O emissions are strongly dependent on the combustion technology (which differ
widely between source categories)

* Three Tiers (levels of methodological complexity) presented in 2006 IPCC GL
Emissions = AD X EF = Amount of Fuel X NCV X EF

EF,, = Carbon Content X Oxidation fraction x 44/12

(where AD = Activity Data,; EF = Emission Factor)
* Tier 1- Amount of fuel combusted, default values for NCV, carbon content, CO, EF, N,O EF, CH, EF
* Tier 2 - Amount of fuel, country-specific values for NCV, carbon content and CO, EF, N,O EF, CH, EF

* Tier 3 - Emissions depend on fuel type used, combustion technology, operating conditions, control
technology, quality of maintenance, age of the equipment used to burn the fuel — plant-specific EFs
(measurements)



Emissions from fossil fuel

Are all

emissions

combustion e ek -
satisfactory measured? .
QC?
No
I Use
. . . s ific n}easurements
* Generalised decision tree e N g e | TS
. available for the unmeasured part o e "
(Figure 2.1, Vol. 2, Chapter 1, 2006 IPCC GL) category? :Dwfﬁc;gz
. . . ier 2 approac]
* applies in general for each of the fuel combustion 3
e e, No o
activities and for each of the gases >
. . < No unmeasured N\ Get Country-
* Relation to other inventory approaches N
e |PCC approach - UNFCCC reporting needs Use
measurements
 EMEP/CORINAIR approach - technology based and /f/d:ah\ o L B
includes spatial allocation of emissions (point and area < ssmsemme v * oo TETai
-~ o2 verified by independent approac!
sources) 5 snsces?
H e se m
* Now both are generally well harmonized: e % e
/"/".Ate\ -.\*~\\\_
- 2006 IPCC Guidelines - concentrate on emissions of direct < coutry-specific EFs
\agglable, 2 Use country-
greenhouse gases, CO,, CH, and N,O L | pecicErs
Tier 2 approach.
- EMEP/CORINAIR Emission Inventory Guidebook - emission  _ . Get country- 3
. . . . . 2o specific data.
estimation methods for indirect GHG and other air ": ‘ T Gt £55
= P| and suitable
pollutants il ¥ aucact




Emissions from fossil fuel combustion

* Inventory definition: Data on the magnitude of human activity resulting in emissions or
removals taking place during a given period of time.

AD = Amount of Fuel (Consumption) X NCV

e Fuels: (The default NCV values are given in Table 1.2, Vol. 2, Chapter 1, 2006 IPCC GL)
e SOLID (Coal and Coal Products)
* LIQUID (Crude Oil and Petroleum Products)
* GAS (Natural Gas)
* OTHER FOSSIL FUELS (Non-biomass municipal & Industrial wastes, waste oils)
* PEAT, treated as fossil fuel

* BIOMASS (Wood, Charcoal, Biofuels, Biomass fraction of MSW). CO, emissions not included in total Energy emissions
(Definition of fuel types in Table 1.1, Vol. 2, Chapter 1, 2006 IPCC GL)

Fuel consumption units: The 2006 IPCC Guidelines - Sl units :
* Volume: cubic meters, litres 1. Fuel consumption— Gg (TJ)
* Mass: tonnes, kg 2. NCV (conversion factor) —TJ/Gg
* Energy (expressed as either NCV or GCV): oil/coal- 3. Carbon content — kg/GJ
equivalent, calories, kW, MJ, BTU 4. EF—kg/Tl (per energy basis)



Emissions from fossil fuel combustion

* Sources

* Most appropriate and accessible AD can be obtained from fuel statistics collected
by an officially recognised national body
* Energy balances from national statistical offices
* International energy statistics:

e the International Energy Agency (IEA)
e the United Nations (UN)

e European statistics (Eurostat)

The structure of categories under 1.A - Fuel Combustion Activities is very similar to
the structure of the energy balances


https://www.iea.org/data-and-statistics/data-tables/?country=WORLD&year=2017&energy=Balances
https://unstats.un.org/unsd/energystats/pubs/balance/
https://ec.europa.eu/eurostat/data/database

Emissions from fossil fuel combustion

Activity data

IEA

Production

Imports

Exports

International marine bunkers
International aviation bunkers
Stock changes

TES

Transfers

Statistical differences
Electricity plants

CHP plants

Heat plants

Gas works

Oil refineries

Coal transformation
Liquefication plants

Other transformation
Energy industry own use
Losses

Total final consumption
Industry

Transport

Residential

Commercial and public services
Agriculture / forestry
Fishing

Non-specified

Non-energy use

Coal

ktoe

3768012

823706

-852516

47999

3787200

1226

-870

-1709178

-643762

-22065

-12894

-279625

1447

-257

-83181

-2245

1017425

812748

126

77389

33330

16481

26181

51168

Crude oil

ktoe

4461494

2460319

-2380169

16896

4558540

-236903

5184

-35046

-14

-492

-4326398

15349

50145

-9945

7743

12678

3315

9341

Oil products

ktoe

1370698

-1477986

5574

101715

263761

12424

-151304

-15830

-9112

-2702

4232632

-2328

-38359

-209567

-460

397744

302337

2600775

215185

83571

108181

618

21442

639832

Natural gas

kioe

3136586
990788

-1015549

-12955

3098870

4764
-882500
-321816
-64271

5575

-43
-14435
14326

-278734
18909
1514175
572446
105067
446996
192349
10190
46
3368

183713

-683898

Nuclear

ktoe ktoe ktoe

687380 350064 257470

687380 350064 257470

-101
-350064 -207944
-3482 -2703

1417

45293

960

32732

8175

2182

59

1185

Hydro Wind, solar, etc. Biofuels and waste

ktoe

1305118

27061

-21660

506

1311024

-931

123499

-64548

-12581

-534

-160

-81858

-13114

-189

101361

203730

83769

681952

30343

11599

25

2193

Electricity

ktoe

62855

-63251

-395

-1695

1859171

343065

-708

-185073

-169131

1845233

71206

31661

497317

402271

55622

648

86508

Heat

kioe

2073

2074

4195

-894

241662

100927

-696

-37101

-19525

290643

138875

101343

38929

3472

57

7967

Total

ktoe

13968196

5735433

-5811136

58019

13850512

25631

22970

-2285155

-467429

-9719

-10555

-93766

-282155

-13557

-85350

-816 717

-218210

9716500

2805617

2821408

2052914

788970

207737

6955

148846

884054

IPCC Inventory Software

& 1- Energy
= 1.A - Fuel Combustion Activities
= 1.A.1 - Energy Industries

m

@

= 1.A1.2 - Main Activity Electricity and Heat Production
1.A1.a. - Electricity Generation

1A1b- Feﬁolemn Refining

- Combined Heat and Power Generation (CHP)

#i1Alc- M

stacture of Solid Fuels and Other Energy Ind:

1.A.2 - Manufacturing Industries and Construction
++1.A2.a3 - Iron and Steel
1.A2b - Non-Ferrous Metals
1.A2.c - Chemicals
1.A2.d - Pulp, Paper and Print
1.A2.e - Food Processing, Beverages and Tobacco
1.A2f- Non-Metallic Minerals
1.A2.g - Transport Equipment
1.A2.h - Machinery
1.A2. - Mining (excluding fuels) and Quarrying
1.A.2 - Wood and wood products
1.A 2k - Construction
1.A2] - Textile and Leather
1.A2.m - Non-specified Industry
1.A3 - Transport
1.A3.a - Civil Aviation
#-1.A2.b - Road Transportation
1.A3.c - Railways
1.A.3.d - Water-borne Navigation
1.A3.e - Other Transportation
4 - Other Sectors
1.A 4.3 - Commercial/Institutional
1.A4b - Residential

]

;&1 )

- Off-road Vehicles and Other Machinery
1.A4 c.iii - Fishing (mobile combustion)
1.A5 - Non-Specified
1.A.5.a - Stationary
@ 1.A5.b - Mobile
1.A5.¢c - Multilateral Operations

Country/Territory: The former Yugoslav Republic of Macedonia | Inventory Year: 2018 | Base year for assessment of uncertainty in trend: 1990



Emissions from fossil fuel combustion

Good practices in N. Macedonia

* Energy balances from the State
Statistical Office (SSO) are used:

* Values in natural units*

e Values in ktoe
* NCV values are derived (TJ/Unit)*

e Conversion of data from ktoe =» TJ

uel consumptionin T
NCY = f p ]

fuel consumption in natural units

*Input in IPCC software

Improvements over the years

e Alignment of the methodology for
development of energy balances
developed by different state
institutions (Ministry of Economy
and SSO)

e Collaboration with SSO —
Department for environment,
energy and transport

e Data irregularities, possible
uncertainties



Emissions from fossil fuel combustion

e Default emission factors

* CO, emission factors for fuel combustion are relatively insensitive to the combustion

process itself and hence are primarily dependent only on the carbon content of the fuel

(Default values of carbon content, Table 1.3, Vol. 2, Chapter 1, 2006 IPCC GL;
Default CO, emission factors for combustion , Table 1.4, Vol. 2, Chapter 1, 2006 IPCC GL)

* CH, and N,O emissions are strongly dependent on the combustion technology (which

differ widely between source categories)
(Default emission factors for stationary combustion, Tables 2.2 to 2.5, Vol. 2, Chapter 2, 2006 IPCC GL;
Road transport default CO, emission factors, Table 3.2.1, Vol. 2, Chapter 3, 2006 IPCC GL)

e Country-specific emission factors
EF.,, = Carbon Content X Oxidation fraction x 44/12

* By default the 2006 IPCC Guidelines assume a complete combustion
process (100% carbon conversion or oxidation fraction is 1)



Emissions from fossil fuel combustion

Good practices in N. Macedonia

* Country-specific emission factors (CS-EF) for CO, emissions
EF.,, = Carbon Content X Oxidation fraction x 44/12

* In three National Communications — CS — EF developed in line with 1996 IPCC Guidelines
(oxidation fractions <1)

» By default the 2006 IPCC Guidelines assume a complete combustion process (100%
carbon conversion or oxidation fraction is 1)

e Under the 15t BUR CS-EF were revised in line with 2006 IPCC Guidelines:

* Lignite (data source for carbon content - Power company ESM, experimental values on samples from
coal mines)

* Residual fuel oil (data source for carbon content — Oil refinery OKTA)
* Natural gas (data source for carbon content — GAMA — natural gas transmission system operator)



Emissions from fossil fuel combustion

* Biomass combustion

* CO, emissions are not included in the national total. They are reported separately
(information item)

* CH, and N,0 emissions are reported in the national total
 Net carbon emissions are accounted for in the AFOLU sector
e Peat is treated as a fossil fuel

 Aviation and Shipping (water-borne navigation)

 Domestic emissions included in the national total
(Domestic trips - journeys between points in one country)

* International emissions reported separately as “Bunker Fuels”
(International trips - between countries)



Fugitive emissions

* Fugitive emissions are intentional or
unintentional release GHG which may
occur during the extraction, processing
and delivery of fossil fuels to the point of
final use.

* Majority of emissions are CH, from:
- Coal mines
- Refinery leaks
- Gas distribution pipelines

e Simple Emission Factor methods at Tier 1
are used. Higher Tiers need more details
on technologies and age of plant/mines
etc.

Mining
Post-mining

Mining&Handling r{Underground Mines |— Abandoned mines

1B1 .SOIid ‘ Flaring
Fuels Mining

Surface Mines | Post-mining
Spontaneous combustion and burning coal dumps

Venting

Flaring
Exploration
Production
Transport

Refining

Products distribution

"——{ 1B2. Oil & Natural Gas |-

Venting

Flaring
Exploration

B :
{Natural Gas Ll

Processing
Transmission/Storage

Distribution

*~—{1B3. Other emissions from energy production |

Source: CGE Training Materials, 2006 IPCC GL



Fugitive emissions

* The major stages for the emission of greenhouse gases for both underground and
surface coal mines are:

* Mining emissions — These emissions result from the liberation of stored gas during the breakage of
coal, and the surrounding strata, during mining operations.

* Post-mining emissions — Emissions, during subsequent handling, processing and transportation of
coal. These emissions occur more slowly than during the coal breakage stage.

* Low temperature oxidation - Once coal is exposed to oxygen in air, it oxidizes to produce CO,.
However, the rate of formation of CO, by this process is low.

* Uncontrolled combustion — On occasions, when the heat produced by low temperature oxidation
is trapped, the temperature rises and an active fire may result. This is commonly known as
uncontrolled combustion and is the most extreme manifestation of oxidation. Uncontrolled
combustion may be natural or anthropogenic. It is characterised by rapid reactions, sometimes
visible flames and rapid CO, formation.

* Exploration emissions — These emissions result from boreholes drilled through carbonaceous
strata for the purposes of coal exploration. This is distinct from gas drainage boreholes which form
part of a degasification system.

 Abandoned coal mines may also continue to emit methane (from left over coals).

v See 2019 Refinement to the 2006 IPCC Guidelines (Vol 2., Chapter 4)



https://www.ipcc-nggip.iges.or.jp/public/2019rf/pdf/2_Volume2/19R_V2_4_Ch04_Fugitive_Emissions.pdf

Fugitive emissions

* The sources include, but are not limited to, equipment leaks, evaporation and
flashing losses, venting, flaring and accidental releases (e.g., pipeline dig-ins, well
blow-outs and spills).

* Venting and flaring emission sources are engineered or intentional (e.g., vents from tanks, seal
and process vents and flare systems).

* Leak emissions (e.g. working losses from tanks, and leaks from other equipment) are
unintentional (or uncontrolled).

Key Segments included in Oil Systems (1B 2a)

f—————— T N g mm————— N go—————— N i m——— o & Key segments included in Natural Gas Systems (1B 2b)
4 Y3 \Y) \Y4 S P e e T — ~ e T e B e e
1 Iy H 1 M 1 ¢ ~ N7 N 2 N, N . ~,
1 :I I: I: ] 1 I lll — ‘"’ Natural Gas "I DISTRIBUTION vy \l
I ] 4 I 1 1 ]
I Iy I ! 1 Il 1 I
PR I A e SRS eer ) i s, | I 1 v i L =i == 1] RPN P o
|
E; 1 Transport of 1 Processing of crude I Transport & storage 1 - 1 — n q | 1 1
|  Fleld activities Iy : 1 I A = o I p "
| 1 I} conventional, heavy, Iy oils, NGLs, synthetic Il of refined products v 1 oL [ . o * Y R o e swork pasr ety gate’ | 1
PradUctionthat I' 1 synthetic crude oil, Iy crudestofinal I atbulk terminals and (f) Other (e.g. spills, I Field activities 2 e, Do "em(:mtacm— 1] \ 4 Transmission storage I] o end user, including town gas |I b & 1
N e fiie ks I NGLs and bitumen Iy products n retall facilities. ] acudenr.azl '9‘;?5595) 1 1 prior to production overs, N]gas & NGL N fom 11 Compressor Iy and biogas methane 1 (g) Other (e.g. ruptures, 1|
e :| ; Iy 1] ] (dBizavi) 1 j echoe fag iquide | town-gas processing _ transmission|| g Iy (e) Distribution i} accidents, well blowouts)
: I| 'y I I (] :: : : I atgesplants systems [ :| (1B 2b v} l: (1B 2b vii) 1
1 i 1 il 1 I I -
: :' o I: |: n GABOLINE :: : : :l :' Wt rl: 1
1 4 _* : 1
1 I = ] o 1} = [ i v: i it H [n :
H ] Filli Iy " | 1 ! S T i
0| e.g. Prospecting & || Resource Rail, tank trucks, 1INg; 1 Final refined 1] Includes e.g. ] (] |4|I—K- =I I| i 1
Il  eploratorywell |y withdrawal & on-site T marine tankers, | unloading, I| products include | equipment leaks, 1] 1 e.g. Prospecting & II Iy LNG Stations & Export/ v Underground |y Fugitive emissions from post- 1] 1
il criting, welltesting, upgrading I pipelines and storage 8] *, iy fuels & I evaporative losses, I 1 exploratory well 1} Offshore resource g Import Terminals . Storage Iy meter internal piping, natural I (h) Abandoned gas wells |
completion, field & ll I during Iy lubricants L} filling & loading drilling, testing, Iy withdrawal 1 (.2, liquefaction, re- || gas fueled vehicles & gas (1B 2b vifi)
b veil development o ™ transport I n 1 completion, field & | II gasification), Transport |I appliances (e.g. dryers, grills, Iy 1
1 h N - " ] n 1 well development | Iy & Storage Iy heaters, stoves, etc.) I 1
1 Iy (b) Production & n 1 H . Iy H | Iy 1
I (a) Exploration I| Upgrading ] (c) Transport ‘I| (d) Refining i (e) Distribution Jy (8) Abandoned oil wells ) 1 . ll (b) Production & X ] .= || . II 1
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v See 2019 Refinement to the 2006 IPCC Guidelines (Vol 2., Chapter 4)



https://www.ipcc-nggip.iges.or.jp/public/2019rf/pdf/2_Volume2/19R_V2_4_Ch04_Fugitive_Emissions.pdf

Fugitive emissions

2019 Refinement to the 2006 IPCC Guidelines (Vol 2., Chapter 4)

* fugitive CH4 and CO2 emissions from mining, processing, storage and transportation
of coal:

* Includes guidance on fugitive CO, emissions from underground and surface mines including CO,
from methane utilization or flaring from underground coal mines.

* Adds year specific default input values for fugitive CH, emissions from abandoned underground
mines for period 2017 - 2050 (previously the series of default values ended at 2016)

* Fugitive emissions from oil and natural gas systems:

* Includes updates to EF to reflect the range of technologies and practices in use, including for
unconventional oil and gas exploration (provides additional information on the appropriate
selection of factors).

* |Includes methods and emission factors for abandoned wells.

* Fugitive emissions from fuel transformation:

* Includes a new section covering methods for fugitive emissions from charcoal production, biochar
production, coke production (including flaring), wood pellet production, gasification
transformation processes (coal to liquids, gas to liquids, biomass to liquids, and biomass to gas).



https://www.ipcc-nggip.iges.or.jp/public/2019rf/pdf/2_Volume2/19R_V2_4_Ch04_Fugitive_Emissions.pdf

Carbon dioxide Transport, injection and storage

* The 2006 IPCC GL provide emission estimation guidance for carbon dioxide
transport, injection and geological storage (CCGS) only.

e Subdivided in four systems:

1. Capture and compression system. The systems boundary includes capture, compression
and, where necessary, conditioning, for transport.

2. Transport system. Pipelines and ships are considered the most likely means of large-scale
CO2 transport. The upstream systems boundary is the outlet of the
compression/conditioning plant in the capture and compression system. The downstream
?ysjcle_:ms boundary is the downstream end of a transport pipeline, or a ship offloading

acility

3. Injection system. The injection system comprises surface facilities at the injection site, e.g.
storage facilities, distribution manifold at end of transport pipeline, distribution pipelines
to wells, additional compression facilities, measurement and control systems, wellhead(s)
and the injection wells. The upstream systems boundary is the downstream end of
transport pipeline, or ship offloading facility. The downstream systems boundary is the
geological storage reservoir.

4. Storage system. The storage system comprises the geological storage reservoir.



Carbon dioxide Transport, injection and storage

* CO, can be captured via pre-combustion, post-combustion and oxy-fuel
capture activities and also at some industrial processes (e.g., in cement
industry).

* CO, transport can be organized mainly by pipelines (and ships).

* CO, can be stored onshore and offshore in deep saline formations,
depleted (partially depleted) oil and gas fields with or without enhanced
oil/gas recovery, and in coal seams with or without enhanced coalbed
methane recovery.

* The 2006 IPCC GL does not include Tier 1 or Tier 2 methodology, due to insufficient

empirical evidence to produce emission factors that could be applied to leakage from
geological storage reservoirs.

* However a site-specific Tier 3 approach can be developed.



Time series consistency

 GHG Inventory provides information on historical emissions trends and
tracks the effects of strategies to reduce emissions at the national level.

* Annual estimates should be comparable

* Emissions and removals in time series should be estimated consistently
* Use of the same method and data sources in all years, where possible
* But not always possible for the entire time series, due to a lack of data

* Cases to ensure time series consistency

* Recalculations due to methodological changes and refinements
- Available data have changed
The previously used method is not consistent with the IPCC guidelines for that category
A category has become key
The capacity for inventory preparation has increased
Correction of errors...

* Adding new categories



Time series consistency

Resolving data gaps

* Data availability issues:
* Periodic data
* Changes and gaps in data
availability

* Splicing techniques —
combining or joining of more than one
method to form a complete time series

v' We need to ensure quality of
time series

* Apply quality checks to entire
time series

v'All decisions, methods and

reasons should be documented

TABLE 5.1

SUMMARY OF SPLICING TECHNIQUES

Approach

Applicability

Comments

Overlap

Data necessary to apply both the
previously used and the new method
must be available for at least one year,
preferably more.

Most reliable when the overlap between two or
more sets of annual estimates can be assessed.

If the trends observed using the previously
used and new methods are inconsistent, this
approach is not good practice.

Surrogate Data

Emission factors, activity data or other
estimation parameters used in the new
method are strongly correlated with
other well-known and more readily
available indicative data.

Multiple indicative data sets (singly or in
combination) should be tested in order to
determine the most strongly correlated.

Should not be done for long periods.

Interpolation

Data needed for recalculation using the
new method are available for
intermittent years during the time
series.

Estimates can be linearly interpolated for the
periods when the new method cannot be
applied.

The method is not applicable in the case of
large annual fluctuations.

Trend Extrapolation

Data for the new method are not
collected annually and are not available
at the beginning or the end of the time
series.

Most reliable if the trend over time is constant.

Should not be used if the trend is changing (in
this case, the surrogate method may be more
appropriate).

Should not be done for long periods.

Other Techniques

The standard alternatives are not valid
when technical conditions are changing
throughout the time series (e.g., due to
the introduction of mitigation
technology).

Document customised approaches thoroughly.

Compare results with standard techniques.




Time series consistency

Good practices in N. Macedonia
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Data collection and time series consistency

* Methodological principles — Good practices (2006 ipcc GL):

Focus on the collection of data needed to improve estimates of key categories
which are the largest, have the greatest potential to change, or have the
greatest uncertainty.

Choose data collection procedures that iteratively improve the quality of the
inventory in line with the data quality objectives.

Put in place data collection activities (resource prioritisation, planning,
implementation, documentation etc.) that lead to continuous improvement of
the data sets used in the inventory.

Collect data/information at a level of detail appropriate to the method used.

Review data collection activities and methodological needs on a regular basis,
to guide progressive, and efficient, inventory improvement.

Introduce agreements with data suppliers to support consistent and
continuing information flows.



Virtual Technical training on updating the national GHG
inventories for the Energy sector - 2"9 part
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Z451944]  BOTAS Z0 FREET] 00 253306 787357 47T w04 [ Z_ 012503 GOGGAE
* Agriculure & foresiry FEFETE 5514 0.0 48 [0 15346 3595  ZE40e oo z 510 43719
» Fishing 35.5 0o 0.0 0.0 0o 12163 1.2 509 0o z 0.0 5RO
* Bl ciswhens Gpeciled (oher) 3 356,68 1863 0.0 0.0 00 14645 EEE_ 144Z ] z EA.E 1953
Sulstical Sforences 25270  ZHIEE KLV EFIT B4 71329 BER.E BEA [T [T 775 3364
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Reference vs sectoral approach

/ * Reference approach is top-down approach (Supply data) — Tier 1
. Very fast GHG inventory could be created
. For countries with no detailed sectoral data

 Sectoral approach is a bottom-up approach (sectoral data -
disaggregation of input data) — Tier 1-3




Reference vs sectoral approach

* 1. Interface of the reference approach

@ r Software Uad [ p -
ol Appllcatlon Database  Inventory Year  Worksheets REpDrts Tools  Export/lmport  Administrate  Window  Help o I
Ref \pproach Data  Estimating Excluded Carbon  Comparison
Sector Enengy
Category Fuel combustion activities 201
Category code 1.4
Sheet 1of 1{CO2from energy sources - Reference Approach)
5
Int | E A t ¥ S| Apr-rent T Gl Excluded Met Carbon
FFcndUI‘lI(H'I \mp(- E\pu . ;Lr:_: Erfa Stock chang [(I:‘,F‘;;ZTIM Conxl umptmn Al |:?EFI'{:I? =0 . . ?[.i:]t-([-r: E|-‘nr|‘5;\[c-:-1a [E‘“:" o & =
= Liguid Fuels: 22 itemi(s) 44883 34155 912.8971 78425553 [ 287560362
Primary Fuels Crude Oil Gg (i} A2 3 0 20| (i} 0 0] &
Ornimulsion Gg 0 / 275 0 21 0 0 0]
Natural Gas Liguids Gg o / w2 0 175 0 0 0 0=
Secondary Fuels | Motor Gasoline Gg 107.064 311 0 021 103743 4432 459788976 189 86.90012 8690012 1 31863376 | &
Aviation Gasoline Gg 443 0 151 0 0 0|=#
Jet Gasoline Gg /o 443 0 131 o 0 0|
Jet Kerosene Gg 28.301 12.503 15.323] 0.475 / U 43.401 0 195 0 0 1 0=
Other Kerosene Gg / 0 438 0 196 0 0 0 1] [
Shale Oil Gg / 0 38.1 0 20 0 0 0=
Gas/Diesel Oil Gg £53.56/ 382829 0 1795 / 602.936 42.95 25896.1012 20.209| 523.33431 0 523.33431 1 1918.89247 |
Residual Fuel Dil Gg 57.461 4836 0 17154 30.91 40.1 3645431 21.286] 77.59792 77.59792 1 284 52571 |
Liguefied Petroleum Gases | Gg 78.726] 1.565 0.8 76.957| 468 36034596/ 17.209) 62.01194 0 62.01194 1 27371 |
Ethane Gg / 0 454 0 168 0 0 0 0|
Naphtha Gg 0 45 0 20 0 0 0 (1) [Ed
Bitumen Gg 151.723 1.504 VAR 149,205 3319 5@847.34395 22 128.64157 128.64157 0 1 0=
Lubricants Gg / 0 40.2 0 20 0 0 0 (1) [Ed
Petroleum Coke Gg 96.082] 47227 /| 7108 41.747] 30.988) 1293.65604 266 3441125 0 3441125 1 126.17459 | &
Refinery F Gg / o 43 0 20 o 0 0|
Refinery Gas Gg / 0 495 0 187 0 0 0 0|
Paraffin Waxes Gg / 0 40.2 0 20 0 0 1] 1] [
\white Spirit and SBP Gg / ] 40.2 0 20 ] 0 0 0=
Other Petroleum Products | Gg // 0 40.2 0 20 0 1] 0|
[Tom 7
| / [ 488394155 I S12.8571] I 784 25553 I 2875 60362
Selid Manufac- Peat and Qil shale Qil and Renewables Mon-
European Union (27 countries
¢ ) Total | tured peat and oil petroleumn Natausral and renewable N:(::tar Heat Electricity
fuels gases products sands products g biofuels waste
Primary production 634 751.4 /15 090.5 £ 2 865.9 4 797.0 24 487.5 591705 217 298.4 13 286.9 195 737.9 1016.9 £
Recovered & recycled products 1747.5)/ 650.9 rd 0.0 0.0 1 096.6 z 0.0 z Z Z z
1 350 483 104 G064 0.0 776 00 8652222 3206154 18 3731 A72.4 z 58 32 0205
464 EBﬁ.B 12 946.5 0.0 8.6 0.0 347 630.4 59 3941 13 410.5 37.0 z 1.8 31 260.0
ZB5.7 1 766.4 0.0 -575.9 -132.0 4 156.9 -4 748.5 -173.9 -7.3 il z Z
z 1 522 579.4( 210 257.7 0.0 2 359.0 4 665.0 547 332.7 324 643.3 222 08BT7.2 13 715.0 195 737.9 1020.8 T60.5
- International maritime bunkers 43 312.7 0.0 0.0 0.0 0.0 43 253.2 42.8 16.7 Z z z z




ference vs sectoral approach

e Combination of both methods — check for errors

@ 1PCC Inventory Software - MANUadmin - [1.A - Reference Approach]
ol Application  Database Inventory Year Worksheets Reports Tools  Export/lmport  Administrate  Window  Help

. >5% need
] htt p1 Reference Approach Data  Estimating Excluded Carbon  Comparison .
" MSector e explanation
Category Fuel combustion activities
Category code 1.4
Sheet 1of 1-Comparison of CO2 Emissions from Fuel Combustion

Reference Approach Sectoral Approach

/ rent
o S .
Apparent Excluded AR an

' Energy co2 Energy
Fuel Types Consumption | consumption on=

Consumption Emissions Consumption COZ Emissions

Liquid Fuels: 22 item(s) | M333.94155| 534?.34395| 3!]]36.593"G| 23?5.60%2| 33]4443222| 23?6.161]9?| -0.02022| -0.01933|
Salid Fuels: 11 item(s) B3 - R b

Gaseous Fuels: 1item(s)
(Other Fossil Fuels: 3 item(s)
Peat: 1 item(s)

Total

| 8836663568] 5847.34335] 8301029173 71756041 B3009.69804] 71754113 0.01158] 0.003%4




* The reason for different GHG emission — different emission
factors by sectors, refinery, losses, fugitive emissions etc.

@j PCC Inventory Software - MAMNUadmin - [1.4 - Reference Approach]

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

Reference Approach Data  Estimating Excluded Carbon  Comparison

Sector Enengy

Category Fuel combustion activities

Category code 1A

Sheet 1 of 1 - Comparison of COZ Emissions from Fuel Combustion

Reference Approach Sectoral Approach Difference
Apparent
Consumption
(excluding non-
energy use and

feedstocks)

co2 Energy co2 Energy
Emissions Consumption Emissions Consumption
(Ga) (%)

Apparent Excluded

. : . CO2 Emissions
Fuel Types Consumption | consumption

Liguid Fuels: 22 item(z) 39086.03833 1452 94454 78 2791.0448
Solid Fuels: 17 itemi(s)
Gaseous Fuels: 1item(s)
Other Fossil Fuels: 3 item(s)
Peat: 1 itemis)

Total

[ 973243342] 145204454]  9587144966] B87/43.10481] 9374278768  8557.55879] 2.27075] 2.16821




. Reference vs sectoral approach

* Let’s make a short tour of the reference approach in the IPCC software



» Reference vs sectoral approach

Key category analyses

* Uncertainty
* QA/QC




e Key categories — secnnd tnnl in the IPCC software
* Why it is needed?

* To identified the categories with highest impact on the country GHG inventory.

* To allocate the country potential to the most important categories not on the categories with
lowest impact.

* To implement higher Tier on the most important categories and improve the quality of the
inventory

* You do not have a lot of resources for QA/QC? Make it only for the key categories




® Two types
e Absolute level

« Thetrend (The purpose of this trend assessment is to emphasize the
categories whose trend is significantly different from the trend of the
overall inventory, regardless whether the category trend is increasing or

Disaggregation to

Country specific

. . 30,0
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1,000 %
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S ™ o
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IPCC Category
Energy Industries - Solid Fuels = Forest land Remaining Forest land = Road Transportation
= Enteric Fermentation = Manufacturing Industries and Construction - Solid Fuels = Solid Waste Disposal
= Manufacturing Industries and Construction - Liquid Fuels = Cement production = Refrigeration and Air Conditioning
= Energy Industries - Gaseous Fuels = Direct N20O Emissions from managed soils = Non-Specified - Liquid Fuels
Ferroalloys Production = Manure Management = Solid Fuels

= Energy Industries - Liquid Fuels



» Reference vs sectoral approach
e Key category analyses

Uncertainty

* QA/QC




Uncertainty

* In each analysis, the accuracy of input data is very important because they
dictate the precision of the results.

 How many of us can say that we are 100% in the data that we are using in
for GHG inventory creation?

* |n most of the cases at least default emission factors are used

- 99.73% >
~ ~—95 45%——>
Increase the credibility -~ 68.27%>»

Good practice

Standard Uncertainty of
_-the Measurement
34.1% 34.1% (Standard Deviation of the Mean)

Users are more confident

Efforts to reduce
uncertainty

0.05% 0.1%
‘——— -

40 30 20 <10 u 1o 20 30 4o
Standard Deviation of the Sample Set (Readings)




Uncertainty

 First step — define the uncertainty for the activity data and emission
fa Cto rS. B IPCC Inventory Software - MANUadmin - [Worksheets]

ot Application  Database Inventory Year Worksheets Reports  Tools  Export/Import  Administrate  Window  Help

il | F 1 Combustion Actviies

= 1- Energy ~ Worksheet
21 :A - Fugl Combustion Activities Sector: Energy
= 1.4.1 - Energy Industries Category: Fuel Combustion Activities

1.8.1.2 - Main Activity Electricity and Heat Produ Subcategory:  1.A.1.ai - Electricity Generation

A 1.a.i - Electricity Generation Sheet: C02, CH4 and N20 from fuel combustion by source categories — Tier 1
1.A1.a.ii - Combined Heat and Power Gener Data
1.A.1 zii - Heat Plants Fuel Type |Liq|..|'dFuels V| I Uncertairties for Liquid Fuels

1.41.b- Petroleum Refining

1.A.1.c - Manufacture of Solid Fuels and Other E
1.A1.c.i - Manufacture of Solid Fuels B
141 ¢.i - Other Energy Industries

= 1.42 - Manufacturing Industries and Construction
- 1.A2.3 - Iron and Steel

~1A2b- Non-Ferrous Metals Residuzl Fuel Oil 27968 E Gg 401 1121.5168 78043
-1.A2.c - Chemicals E Gg

~1.4.2.d- Pulp, Paper and Print Total

--1.42 e - Food Processing, Beverages and Toba | 1121_51BB|

- 1.A2f - Mon-Metallic Minerals

~1.A4.2.g- Transport Equipment
142 h - Machinery Uncertainties by Fuel Type b4

142 - Mining (excluding fuels) and Quarrying
-1.A.2] - Wood and wood products
- 142k - Construction

142 - Textile and Leather - — -
_____ 1.4.2.m - Non-specified Industry Category |1.P\.1.aJ—Eled.nc¢yGenerat|on |
= 1.A3 - Transport Activitiy Data Uncertainties
E1.A.3a - Civil Aviation — —
1.4.3.2. - International Aviation (Internationa Lower Upper +5.00 % H
- 1.A.3.a.i - Domestic Aviation
=1 :A 3.b - Road Transpertation T e E e T
E-1A3.bi-Cars
-~ 1A3bi1- Passenger cars with 3-way ¢ Gas |C.|KRBON DIOXIDE (CO2) hd |
~1.A2.b.i.2 - Passenger cars without 2-wa
H - Y = -
= 1A2bii - Light-duty trucks Lz 500 % (5 Upper +5.00% [+
~1.A3buii.1 - Light-duty trucks with 3-way
~1.A3bii.2 - Light-duty trucks without 3-w
1.4.3 biiii - Heavy-duty trucks and buses
1.4.3.b.iv - Motorcycles v




* Two basic approaches :

* Error Propagation - very easy, already implemented in the IPCC Inventory Software,
calculates the uncertainty of the whole inventory for a given year, as well as uncertainty in
trend between a year of interest and a base year.

* Monte Carlo - random values of the input variables are selected from within their probability
density function and the corresponding output is calculated. This procedure is repeated
many times or until the mean and the distribution of the output variables do not change.
The input variables may include activity data, emission factors, conversion factors etc. and

the output variable is the quantity of emissions.




Uncertainty

@) IPCC Inventory Software - MANUadmin - [Uncertainty Analysis] - X
ot Application Database Inventory Year Worksheets Reports | Tools | Export/lmport  Administrate  Window  Help - 8
Uncertainty Analysis - Approach 1 (Table 3.2) Reference Approach

Uncertainty Analysis

Base year for assessment of uncertainty in trend

Key Category Analysis

certainty in trend
tional emissions

Formulas Insert Data Review ¥ Share 12 Comments
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Formatting~ Table~  Styles - B v o~ Fiterv  Select > 0.00
0.00
Clipboard ] Font [ N Styles Cells Editing Ideas ~
1.A.1.a.i - Blectricity Generatien - Solid Fuels N 1.82
AutaSave B 9 © G- - Geneal - = ]
u12 - F3 - 700[)
1.A.1.aii - Combined Heat and Power Generation (CHP 0.00
v | w | x | ¥ Z [
0.00
0.00
= = = L ainty Uncertainty o
1.A%aii - Combined Heat and Power Generation (CHP > o Contribution intrendin  infrendin  introduced 0.00
Base Year emissions Year T emissions or  Uncertainty introdt into the trend in Ry Y o e i the 7{, o
2008 IPCC Categories 3 or removals. removals total national emissions emfesions || emssions |rend in fofal
(Bg COZ equivalent)  (Gg COZ equivalent) (%) ) ) e | B 0.00
1.4.1.a.ii - Combined Heat and Power Generation (CHP i A Fucl Combustion Aotivit S — b
5 |1.A1a. - Bectricty Generation - Liquid Fuels coz 3.126% 8753326472 0.003287657| 87.53326 0.006504 0.00
6 [1.A.1ai - Bectricty Generation - Liquid Fuels CHE 0.00303 008471376 303539E09] 0.084114 6.01E-09
7 [1A1ai - Becioty Generation - Liquid Fusls N20 000722352 0.200527204) 172515608 0200527 3.41E-08
§ [1:A1ai-Becincty Generation - 50id Fuss. Coz 5610.054963| 3378731118, 3367850143 3378.731 9.689798
9 [1:ATai - Bectricty Generation - Solid Fuels CHE 1.25823225 0762990925 1.79877E07 0782991 52E-07
10 [TA 1.2 - eclricty Generation - Solid Fusls N20 2245719263 1393587774 5.75057E 05| 13.99988 0.000166
11 [TA 1.2 - Combined Heat and Power Generation (CHP) - Ligud Fuels Coz 30644208 [ 0006772412] 0 0 0 S
12 [1A 1.2 - Combined Heat and Power Generation (CHP) - Liguid Fuels CHe 0.236% [ 6.3619E09] 1 0 0 0 s
13 TA1.ai -Combined Heat and Power Generation (CHP) - Liguid Fuels N20 0.707504% 0] 361575608 0 0 0
14 [TA 1.2 - Combined Heat and Power Generation (CHP) - Sold Fusks Coz 5796759112 [ 0000558514 0 0 0 S
15 [1A1.a - Combined Heat and Power Generation (CHP) - Sold Fuels CHe 0.019734 [ 28058311 0 0 0 s
16 1A 1.2 - Combined Heat and Power Generation (CHP) - Sold Fuels N20 035284392 0] 8 58286E 09 0 0 0
17 [TA 1.2 - Combined Heat and Power Generation (CHF) - Gaseous Fusls Coz 0] 250.8996749 0027465953 250.8997 0.053433 0.049896 #
18 [TA.1.a - Combined Heat and Power Generation (CHP) - Gaseous Fusls CHe [ 0113908616 56611909 0113909 1.1E-08 1.03E-08 #hus
19 1A .2 - Combined Heat and Power Generation (CHF) - Gaseous Fuels N20 0] 0.135779071 304378E.09] 0135779 1.56E-08 14GE-08 sk
20 1A Taii- Heat Plants - Liquid Fusls Co2 171% 0 0.002133564 0 0 0 s
21 [1A72ii - Heat Plants - Liquid Fusls CHe 0.16665, [ 200383609 0 0 0 B
22 [TA 120 - Heat Plants - Liquid Fusls N20 039729% 0] 113887208 0 0 0
23 [TA 12 - Heal Plants - Gascous Fusls oz 0] £3.07775763, 0001735989 63.07776 0.003377 0.003154 s
24 [TAT 21 - Heat Plants - Gassous Fusks CHE [ 0.028637343) 3578 16E-10] 0.028637 6.96E-10 6.5E-10 I
N20 [} 0.034135713 5.08408E-10] 0.034136 9.89E-10 9.24E-10 #EH
C02 0] 5516827007 1.32792E-05] 5516827 2.58E-05 2 A1E-05 #HeRHHER
CHE 0] 13353611 0.00554 2.61E-11 2A3E-11 HEREE
N20 0] 7E1183E1 0.013208 1.48E-10 1.38E-10 #
29 1ATcii - Other Eneray Industries - Biomass Co2 0] 707536E-09)| 0126839 1.37E-08 1.28E-08 #HE
30 [1.A.1.cii - Other Energy Industries - Biomass. CH4 0 3.14763E-13) 0.000849 6.12E-13 5.72E-13 -
31 1.A1.cii- Other Eneray Industries - Biomass N20 0] 7.95086E-13| 0.00135 1.55E-12 144E-12 #HEEH
32 1A23 -Iron and Steel - Liquid Fuels Co2 346 1645255 001184107 197.3354 0033054 0.030866 #HHHE#
33 [1.A.2:3 - Iron and Steel - Liquid Fuels CH4 0.303842475 8.6443E-05) 0.169492 2.44E-08 2.28E-08 s
34 [1AZ:a-Iron and Steel - Liquid Fuels Nz20 0638315827 485231608 0403643 1.38E-07 1.29E-07 #sbssss
35 1A23 -Iron and Steel - Solid Fuels Co2 285 7755807 0024867553 2859912 0069424 0.064829 #Hr##s4
36 [TAZa -lron and Stesl - 5oid Fuels CHE 06834535 166782607 0.73558 4.59E-07 429E-07 ##%
131A217 1 4TF-0NR 1 37F-NR_##% h

7 1.A.2.3 - Iron and Steel - Solid Fuel; N20 1 6903 5. )
Uncertainty Analysis_2012 | Uncertainty Analysis_2013 Uncertainty Analysis_2014 Uncertainty Analysis_2015 Uncertainty Analysis_2016 @ 4 >

Ready H 0 - '] +  100%




WUncertainty

B Editor - C:\Users\akane\Google Drive\Trudovi\Kopaonik 2017\Uncertainty\w_4A_solid waste.m —=

msen-@ﬁ ~

w_4A_solid_wastem | +

jew_3Am | w_3A_livestock_chd.m N povikuvanje_w_4A.m M povikuvanje w3Bl.m * | povikuvanje_w_2ATl.m =

J povikuvanje_w_3B2.m % | w_3B2_b_land to_cropland.m = | povikuvanjew 2F.m i | w2F1_ _and_air_cor

2 [Flfunction [total emiss] = w 4A solid waste (worksheet 4A msw, worksheet 4A mcf base, worksheet 4A mcf, worksheet 42 industrial, waste parameters, year in) ~
! i
- worksheet 4A msw.total msw(isnan(worksheet 4R msw.total msw))=0;
4 - worksheet 4A msw.garden(isnan(worksheet 4A msw.garden))=0;
5
8 docf=waste_parameters.doc_fraction; TeL
S ch4_f=waste_parameters.ch4_fraction;
8= delay time=waste_parameters.delay_time;
g3
T8 =2 worksheet 4A mcf.weight mfc=(worksheet 4A mcf.swdsl_dist.*worksheet| 4A mcf base.swdsl _mcf(1)+...
11 worksheet 4R mcf.swds2_dist.*worksheet 22 mcf base.swds2 mcf(l)+...
12 worksheet_4A mcf.swds3_dist.*worksheet_42& mcf base.swds3_mcf(l)+...
13 worksheet 4A mcf.swds4 dist.*worksheet 42A mcf base.swds4 mcf(l)+...
14 worksheet 4B mcf.swdsS_dist.*worksheet 42 mcf base.swds5_mcf(l)). /100; i
15 i
16
& 17 %% Paper
F 1z
19 doc_paper=waste_parameters.doc_paper;
20 — k_paper=waste_parameters.mgr_paper;
e M paper=15; i
22
23 — half time paper=log(2) /k_papez;
24 — expl paper=exp (-k_paper);
25 3exp2_paper=exp {~k paper* ( (13-M paper)/12)):
26 = exp2_paper=1; -
27
28 tworksheet 4A msw.paper results=worksheet 4A msw.population.*worksheet 4A msw.waste per capita.® (worksheet 4A msw.perc to swds. f100) .* (worksheet 44 msw.paper. /100)
49 = W_paper=worksheet_ 4A msw.population.*worksheet_ 4R msw.waste per capita.* (Wworksheet 4A msw.perc_to_swds. /100) . * (worksheet_4A msw.paper. f100): il
30
- & wW_paper_ times mcf=zeros (size (worksheet 4A msw.record id)):
e [ for i=lF1ength (worksheet 4R msw.record id) il
33— w_paper_times mcf (i, 1)=W paper (i,1).*worksheet_4A mcf.weight_mfc :‘f"img_'g (worksheet_4A mcf.w_year==worksheet 4R msw.w_year (i) & worksheet_4A mcf.w composition type id==1)): I
34 - - end
35
| d _paper=w_paper_times mcf.*doc_paper.*doct; =
37
38 - b _paper=d paper.*exp2 paper;
39
40 — c_paper=d paper.* (1-exp2_paper);
41
o= worksheet 4A msw.H paper (find (worksheet_4A msw.w_year==1950),1)=b_paper (find (worksheet_ 4A msw.w_year==1350));
43
44 = for year=1951:max (worksheet 4A msw.w_year)
L [‘] ind=find(worksheet_ 4A msw.w_year==year):; -
w_4A_salid_waste [ln 2 Co 22

£ Type here to search
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* Why? Who?

* QA/QC - Person not directly involved in the GHG sectoral emissions
development

https://www.mentimeter.com/s/243e42749edf8ff54167e7000dee2aa3/d769ddc2e8d1/editQC

Transparency

Accuracy

Consistency

Comparability

Completeness.




QA/QC

QA Activity
Check for transcription, typographical error and error transposition.

Compare with official published data

Identify and fix outliers in data inputs (including checking the inclines and spikes in the trend)

Compare with other international data
Check the documentation of all sources, data format and assumptions for easy reference

Assure if the Party is able to provide an overview of the overall waste generation and
treatment in the country

Ensure that the AD are provided in the appropriate units

Check if the activity data for estimating of the GHG emissions are equal for the activity data
used to estimate the emissions of precursors and indirect emissions

Check the implied emission factors (time series)

Double check in regards to the country specific EF published in the EFDB and compare with
the EF of the other countries

Check if the EFs used for estimation of the emissions of precursors and indirect emissions are
consistent, comparable and transparently documented

Cross check all steps involved in the calculation

Check the documentation of sources and correct use of units

Check completeness of the data coverage

Check if the excluded other non-energy use of fuels from activity data in energy sector is
reported under the IPPU sector (in case emissions occurs from these non-energy uses)

Check the differences between the recalculated estimates and verify if proper justifications for
the recalculated estimates are provided

Identify and fix outliers in the results

Check the difference between the sectorial and the reference approach in the Energy Sector

Check the completeness, use of notation keys and confidential information

Creativeness of the use of the notation keys

Verify the assumptions, corrections, data and sources

Check the improvement list, recommendations and encouragements provided (internal and
external)

Remarks / Comments / Examples

Compare the national data source with the inventory data contained in the IPCC Inventory Software
Compare the national energy related data (the data of the Energy balances published by the SSO and the
data published by ESM), the annual data on industrial production (published by SSO) and the national
waste related data (the Waste related data published by the SSO and the Regional Waste studies
published by MOEPP) with the AD contained in the IPCC Inventory Software

Data which don’t fall under the realistic range and are suspected as inaccurate are assessed and if
necessary are removed and replaced with data from international sources or derived from expert
judgment

Compare the Energy related data with the data published by the IEA

Keeping records on the data source and assumptions used in each data sheet of the IPCC Inventory
Software.

Assure that an overview of waste generation and treatment is provided and AD on all types of solid
waste been collected (MSW, sludge, industrial and other waste)

Check the background table for each category and ensure the consistency and the accuracy of the AD
units

Export the activity data from each worksheet in the IPCC 2006 database and compare with the AD
provided in the tables for estimation of the emissions of precursors and indirect emissions

Ensure consistency check of the use of the EF

Ensure that the country specific EF in use are in the ranges provided by the IPCC guidelines

Check if the EFs used for estimation of the emissions of precursors and indirect emissions are in line with
the EMEP/CORINAIR Emission Inventory Guidebook.

In case CS EFs are used, check the background materials, the estimation methodology, the EF range and
the comparability with other national reports

Ensure that all steps used for determining, estimating and deriving data are accurate, transparent and
internally consistent

Check if the documentation template records are appropriately fulfilled

Ensuring that all relevant gases for all the activities were covered

Ensuring that the excluded from the Energy sector is accounted in the sector IPPU

Identification of changes, revisions and reallocations in order to improve accuracy and the transparency
of the emission estimates

Checking for inconsistency of the emission trends and levels

Ensure consistency between the emission estimates and the allocation of carbon in the sectoral and in
the reference approach

Check if complete estimates are provided and if notation keys are used where no estimates are provided
Check if the appropriate notation keys are in use

Ensure consistency, transparency, facilitate repeatability and easy retrieval

Check if the recommendations and the encouragements of the technical assessments / reviews have
been taken into consideration and imbplemented



' QA/QC

®  The process in a nutshell (MK good practice)

Step 4: Data
input,
documenting
Step 2: and
Defining the Step 3: Activity calculating of
GHG Inventory data collection emissions (Tier
components 1Qc
procedures
undertaken in
parallel)

Step 1:
Allocation of
roles (CTA, IDT
members, QAT
members)

Step 7: QA of
overall
inventory
summary

Step 6:
Compilation of

Step 5: QA at

sectoral level overall

inventory

Input data collecting mechanisms
e  Time series
o Emission factors (National/IPCC defaults)

o Methodologies for emission calculation

Step 8:
Conduct key
category
analyses

Step 9:
Uncertainty
management
(as decided)

Step 10: QA of
key sources
analysis and
uncertainty

management

Step 11:
Drafting the
sectoral
chapters of
NIR

Step 12: Draft
summary
inventory

chapter

Step 13: QA of
NIR

Step 14:
Reporting




hank you for your attention



https://go.microsoft.com/fwlink/?linkid=851258

