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Current status and next steps



Inventory process
INTERNATIONAL SUPPORT: GEF and UNDP

NATIONAL INVENTORY PROCESS

¶ National Strategic  and  

Planning Documents

Other Uses:

STATE STATISTICAL OFFICE (SSO)

DATA SUPPLY

INTERNATIONAL 

DATABASES:

UN, FAO, 

CORINE LC,

IPCC EF

ENERGY
(MANU)

IPPU
(MANU)

AFOLU
(UKIM ï FASF, FF,IA)

WASTE
(MANU)

GHG INVENTORY DEVELOPMENT

Precursors and Indirect Emissions
(MANU)

Ministry of Environment and 

Physical Planning (MOEPP)

¶ United Nations Framework 

Convention on Climate Change 

(UNFCCC):
- National Communications

- Biennial Update Reports

¶ European Environment Agency 

(EEA)

¶ European Union Monitoring 

Mechanism Regulation (EU MMR)

REPORTINGVERIFICATION
Quality Control (QC)

Macedonian Academy of 
Sciences and Arts 

(MANU) ï Verification 
Team*

External Sectoral 

Expert(s)

Quality Assurance (QA)

Global Support 

Programme (GSP)

National Committee on 

Climate Change (NCCC)
External Sectoral 

Expert(s) ï 
UNFCCC Certified 

Reviewer(s)

Macedonian Academy 
of Sciences and Arts 
(MANU) ï Verification 

Team*

Chief Technical Advisor 

(CTA)

*Only for sectors developed by other institutions

Precursors and Indirect Emissions

Ministry of 
Economy 

(MOE)

Macedonian 
Navigation 

Agency 
(MNAV)

Energy

Joint Stock 
Company 

ñMacedonian Power 
Plantsò (ELEM)

Ministry of 
Agriculture, Forestry 
and Water Economy 

(MAFWE)

Public Enterprises  

(ñMakedonski shumiò, 

PE for Management of 

pastures, National 

parks)

University of St. Cyril and 

Methodious (UKIM) ï 

Faculty of Agricultural 

Sciences and Food 

(FASF), 

Faculty of Forestry (FF), 

Institute of Agriculture 

(IA)

Agriculture, Forestry and Other Land Use (AFOLU)

Association of private 
forest owners Center for 

Management of Crisis 

(CMC)
Firefighting Union 

(FFU)

Waste

Municipalities/

Public enterprises

Ministry of 
Environment and 
Physical Planning 

(MOEPP)

Industrial Process and 
Product Use (IPPU)

Macedonian 
Chambers of 

Commerce (MCC)

Ministry of 
Environment 
and Physical 

Planning 
(MOEPP)

Ministry of 
Economy 

(MOE)



Methodology

* 

Å2006 IPCC Guidelines for National Greenhouse Gas Inventories 
(Refinements of IPPC Guidelines from 2019)

(http://www.ipcc-nggip.iges.or.jp/public/2006gl/)

ÅIPPC Inventory Software Ver. 2.54 
(http://www.ipcc-nggip.iges.or.jp/software/index.html)

ÅGWP factors- IPCC Forth Assessment Report (AR4), 2007, 
100-years time horizon

(https://www.ipcc.ch/site/assets/uploads/2018/05/ar4_wg1_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

* 

ÅReported gases:
ÅGHG: CO2, CH4, N2O, PFCs͙  HFCs
ÅIndirect: CO, NOx, NMVOC, SO2 ͙  NH3  

ÅTime series 1990 ς2016 

ÅLatest update for years 2014, 2015 and2016 in the NIR - 3rd BUR

ÅTier 2 method applied in:
ÅEnergy(Fuel combustion activities ςCountry-specific EF for CO2 emissions) 
ÅIndustrial Processes and Product Use ςIPPU (Mineral and metal industry)
ÅWaste(IPCC FOD method) 



Emissions trend - summary (net emissions)

Net GHG emissions by category (in Gg CO2-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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Emissions trend - summary

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

Emissions of NOx, CO, NMVOC, SO2 and NH3 (in Gg) 
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Energy sector

COMMERCIAL/INSTITUTIONAL 
(NON-SPECIFIED)

AGRICULTURE/FORESTRY/
FISHING/FISH FARMS

RESIDENTIAL

Source: 
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Fugitive emissions from solid fuels

Fugitive emissions from oil and natural gas
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ÅGHG emissions (in Gg CO2-eq)

Energy sector

o By sector o By gas
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Electricity Generation

Combined Heat and Power Generation (CHP) Other Energy Industries

Heat Plants

ÅMain fuels: 
Ålignite (domestic resource)

Ånatural gas

ÅResidual fuel oil(gradually replaced by 
natural gas)

Energy – Energy industries

GHG emissions(in Gg CO2-eq)

ÅGHG emission reduction due to: 
ÅFuel switch (RFO with natural gas)ςfor 

electricity and heat production

ÅReduced electricity generation 
(from fossil fuels)

* 
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Non-Specified Industry

ÅFuels: 
ÅCoking 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 – Manufacturing industries and construction

GHG emissions(in Gg CO2-eq)



ÅFuels: 
ÅDiesel oil (for transport), motor 

gasoline, LPG, motor gasoline (used 
in domestic aviation)and natural gas

Energy – Transport

ÅIncrease in emissions due to 
increased number of vehicles 
(mostly using diesel)

*

GHG emissions(in Gg CO2-eq)

99.6%

2015

1,837.8

791.1

99.7%

99.1%98.6%

3.1%

96.9%

1990 2005

1,006.5 1,043.5

1,656.4

2,096.7

1.3%

2000

99.4%

2014 2016

+26.6%

+165.0%

Domestic Aviation Road Transportation Railways



ÅFuels: 
Ålignite, LPG, motor gasoline, 

biomass (fuelwood), wood waste, 
briquettes and pellets, diesel for 
transport and heating oil, and 
natural gas 

Energy – Other sectors

ÅReduced emissions due to : 
ÅHouseholdςreduced 

consumption of heating oil

**CO2ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ōƛƻƳŀǎǎ ŎƻƳōǳǎǘƛƻƴ ŀǊŜ ƴƻǘ ƛƴŎƭǳŘŜŘ ƛƴ ǎŜŎǘƻǊΩǎ ǘƻǘŀƭ ŜƳƛǎǎƛƻƴǎ

GHG emissions(in Gg CO2-eq)

2005

73.1%

2014

71.4%

26.9%

2015

30.8%

2016

28.6%

302.7

72.9%

328.4

69.2%

59.3%

77.7%

22.3%

637.3

1990

149.9158.7 162.2

40.7%

2000

27.1%

-5.5%

-76.5%

Residential Agriculture/Forestry/Fishing/ Fish Farms



ÅFuels: 
Ålignite, LPG, residual fuel oil, 

natural gas, biomass (fuelwood), 
diesel for transport and heating oil

Energy – Non-Specified

ÅIncreased emissions due to : 
ÅIncreased consumption of fuel 

(RFO) in last years

ÅPeak year is 2005 ςhigher 
consumption of lignite, RFO 
and Gas/Diesel Oil in 2005, 
while in 2016 there is more 
Electricity consumption

GHG emissions(in Gg CO2-eq)

25.4

136.1

417.8

177.2

209.6
222.0

20051990 2000 2014 2015 2016

+25.3%

+775.2%

Non-Specified



ÅFuels: 
ÅCoal mining and handling ςsurface 

mines (Mining and Post-mining)

ÅOil refining and transmission of natural 
gas

Energy – Fugitive emissions

ÅDecrease in emissions due to 
reduced production from coal 
mines

187.7
201.9

185.0
173.7

159.1
138.1

2015

4.1

5.6

1990

6.1

2005 20162000

193.3

208.0

190.5
178.9

2014

5.5
5.2

142.2

163.9
4.8 -20.5%

-26.4%

CO2 CH4 N2O

ÅThe 2019 Refinements of 2006 IPCC 
Guidelines introduce a CO2 emission factor

GHG emissions(in Gg CO2-eq)



Recommendations for future inventories

ÅSecure 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. 

ÅHaving 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
14

1

4

Energy IPPU NO

8 8

yes no

1

10

3

2

Emission 

factor  

Conversion 

factor  

Consumption 

of fuel     

NO

Do you know what is ñactivity dataò?Have you ever worked in IPCC 2006 software?
Have you ever been engaged in 

activities related to GHG inventory 

preparation?



Questionnaire - results

5

2

3

5

Manufacturing 

Industry and 

Construction   

None of the 

above    

Industrial 

Processes and 

Product Used

Energy 

Industries     

Electricity that is consumed by the 

industry sectors should be reported 

under

4

8

5

4

To confirm my 

knowledge   

To understand 

the IPCC 

methodology

To understand 

how IPCC 2006 

software works

I do not have any 

expectation     

To meet 

new people

WHAT IS YOUR EXPECTATION FROM THIS 

TRAINING?

2014,2016,2017 latest inventory, 

Other software ïIPCC 1996, COPERT, LEAP, own etc.



Updating GHG inventory in 
energy sector –1st part
Source categories, methodological approach for emissions estimation, approach to data 
collection, time series consistency

Presenter: Verica Taseska-Gjorgievska



Why is energy sector important?

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



Sector Overview

Å2006 IPCC Guidelines for national GHG inventories identify around 70 
source categories of GHG emissions in the Energy sector

Source: 

ÅScope:
ÅExploration and exploitation of primary 

energy sources

ÅConversion of primary energy sources 
into more useable energy forms in 
refineries and power plants

ÅTransmission and distribution of fuels

ÅUse of fuels in stationary and mobile 
applications 

ÅMost emissions are associated with 
fuels combustion in energy 
industries, mainly in electricity and 
heat production activities, but also 
in transport and manufacturing 
industries



1 - Energy 

1.A - Fuel 

Combustion 

Activities 

1.B - 

Fugitive 

emissions 

from fuels 

1.C - Carbon 

dioxide 

Transport 

and Storage 

1.A.1 - Energy 

Industries 

1.A.2 - 

Manufacturing 

Industries and 

Construction 

1.A.3 - Transport 

1.A.4 - Other Sectors 

1.A.5 - Non-Specified 

1.A.1.a - Main Activity 

Electricity and Heat 

Production 

1.A.1.b - Petroleum 

Refining 

1.A.1.c - Manufacture 

of Solid Fuels and 

Other Energy 

Industries 

1.A.1.a.i - Electricity 

Generation 

1.A.1.a.ii - Combined Heat 

and Power Generation 

(CHP) 

1.A.1.a.iii - Heat Plants 

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

Solid Fuels 

1.A.1.c.ii - Other Energy 

Industries 

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 

1.A.2.e - Food Processing, Beverages 

and Tobacco 

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

1.A.2.g - Transport Equipment 

1.A.2.h - Machinery 

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 

1.A.3.a - Civil Aviation 

1.A.3.b - Road Transportation 

1.A.3.c - Railways 

1.A.3.d - Water-borne Navigation 

1.A.3.e - Other Transportation 

1.A.4.a - Commercial/ Institutional 

1.A.4.b - Residential 

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

      1.B.1 - Solid Fuels 

      1.B.2 - Oil and Natural Gas  

      1.B.3 - Other emissions 

from Energy Production 

Sector Overview  

ÅSource categories  



Emissions from fossil fuel combustion
Methodological approach

ÅCO2 emissions depend almost entirely on the carbon content of the fuel, and are 
independent of the combustion technology

ÅDuring the combustion process, most carbon is immediately emitted as CO2. Some carbon is 
released as CO, CH4 or NMVOCs, which eventually oxidiseto CO2 in the atmosphere

ÅCH4 and N2O emissions are strongly dependent on the combustion technology (which differ 
widely between source categories) 

ÅThree Tiers (levels of methodological complexity) presented in 2006 IPCC GL

Emissions = AD ĬEF = Amount of Fuel ĬNCV ĬEF 

EFCO2 = Carbon Content ĬOxidation fraction Ĭ44/12
(where AD = Activity Data;EF = Emission Factor)

Å Tier 1- Amount of fuel combusted, default values for NCV, carbon content, CO2 EF, N2O EF,  CH4 EF

Å Tier 2- Amount of fuel, country-specific values for NCV, carbon content and CO2 EF, N2O EF,  CH4 EF

Å 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 ςplant-specific EFs 
(measurements)



Emissions from fossil fuel 
combustion
Methodological approach

ÅGeneraliseddecision tree 
(Figure 2.1, Vol. 2, Chapter 1, 2006 IPCC GL)

Åapplies in general for each of the fuel combustion 
activities and for each of the gases

ÅRelation to other inventory approaches
ÅIPCC approach - UNFCCC reporting needs

ÅEMEP/CORINAIR approach - technology based and 
includes spatial allocation of emissions (point and area 
sources)

ÅNow both are generally well harmonized:
- 2006 IPCC Guidelines - concentrate on emissions of direct 

greenhouse gases, CO2, CH4 and N2O

- EMEP/CORINAIR Emission Inventory Guidebook - emission 
estimation methods for indirect GHG and other air 
pollutants



Emissions from fossil fuel combustion
Activity data
ÅInventory 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) ĬNCV 

(The default NCV values are given in Table 1.2, Vol. 2, Chapter 1, 2006 IPCC GL)
ÅFuels:
ÅSOLID (Coal and Coal Products)
ÅLIQUID (Crude Oil and Petroleum Products)
ÅGAS (Natural Gas)
ÅOTHER FOSSIL FUELS (Non-biomass municipal & Industrial wastes, waste oils)
ÅPEAT, treated as fossil fuel
ÅBIOMASS (Wood, Charcoal, Biofuels, Biomass fraction of MSW). CO2 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: 
Å Volume:cubic meters, litres
Å Mass: tonnes, kg 
Å Energy (expressed as either NCV or GCV): oil/coal-

equivalent, calories, kW, MJ, BTU 

The 2006 IPCC Guidelines  - SI units :
1. Fuel consumption ςGg (TJ)
2. NCV(conversion factor)  ςTJ/Gg
3. Carbon content ςkg/GJ
4. EFςkg/TJ (per energy basis)



Emissions from fossil fuel combustion
Activity data
ÅSources
ÅMost appropriate and accessible AD can be obtained from fuel statistics collected 

by an officially recognisednational body 
ÅEnergy balances from national statistical offices 

ÅInternational energy statistics: 
Åthe International Energy Agency (IEA) 

Åthe United Nations (UN) 

ÅEuropean 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 IPCC Inventory Software



Emissions from fossil fuel combustion
Activity data

Good practices in N. Macedonia

ÅEnergy balances from the State 
Statistical Office (SSO) are used:
ÅValues in natural units* 

ÅValues in ktoe

ÅNCV values are derived (TJ/Unit)*
ÅConversion of data from ktoeČ TJ

ὔὅὠ
ὪόὩὰὧέὲίόάὴὸὭέὲὭὲὝὐ

ὪόὩὰὧέὲίόάὴὸὭέὲὭὲὲὥὸόὶὥὰόὲὭὸί

*Input in IPCC software

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

ÅCollaboration with SSO ς
Department for environment, 
energy and transport
ÅData irregularities, possible 

uncertainties

Improvements over the years



Emissions from fossil fuel combustion
Emission factors

ÅDefault emission factors 
ÅCO2 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 CO2 emission factors for combustion , Table 1.4, Vol. 2, Chapter 1, 2006 IPCC GL)

ÅCH4 and N2O 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 CO2 emission factors, Table 3.2.1, Vol. 2, Chapter 3, 2006 IPCC GL)

ÅCountry-specific emission factors
EFCO2 = Carbon Content ĬOxidation fraction Ĭ44/12

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



Emissions from fossil fuel combustion
Emission factors

ÅCountry-specific emission factors (CS-EF) for CO2 emissions
EFCO2 = Carbon Content ĬOxidation fraction Ĭ44/12

ÅIn three National Communications ςCS ςEF developed in line with 1996 IPCC Guidelines 
(oxidation fractions <1) 

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

ÅUnder the 1st BUR CS-EF were revised in line with 2006 IPCC Guidelines:
ÅLignite (data source for carbon content - Power company ESM, experimental values on samples from 

coal mines)

ÅResidual fuel oil (data source for carbon content ςOil refinery OKTA)

ÅNatural gas (data source for carbon content ςGAMA ςnatural gas transmission system operator)

Good practices in N. Macedonia



ÅBiomass combustion
ÅCO2 emissions are not included in the national total. They are reported separately 

(information item)

ÅCH4 and N2O emissions are reported in the national total

ÅNet carbon emissions are accounted for in the AFOLU sector

ÅPeat is treated as a fossil fuel

ÅAviation and Shipping (water-borne navigation)
ÅDomestic emissions included in the national total  

(Domestic trips - journeys between points in one country)

ÅLƴǘŜǊƴŀǘƛƻƴŀƭ ŜƳƛǎǎƛƻƴǎ ǊŜǇƻǊǘŜŘ ǎŜǇŀǊŀǘŜƭȅ ŀǎ ά.ǳƴƪŜǊ CǳŜƭǎέ
(International trips - between countries)

Emissions from fossil fuel combustion
Other methodological issues for energy sector



Fugitive emissions
Methodological approach

ÅFugitive emissionsare intentional or 
unintentional release GHG which may 
occur during the extraction, processing 
and delivery of fossil fuels to the point of 
final use.

ÅMajority of emissions are CH4 from:
- Coal mines

- Refinery leaks

- Gas distribution pipelines

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

Source: CGE Training Materials, 2006 IPCC GL



ÅThe major stages for the emission of greenhouse gases for both underground and 
surface coal mines are:
ÅMining emissions ςThese emissions result from the liberation of stored gas during the breakage of 

coal, and  the surrounding strata, during mining operations.
ÅPost-mining emissions ςEmissions, during subsequent handling, processing and transportation of 

coal. These emissions occur more slowly than during the coal breakage stage.
ÅLow temperature oxidation - Once coal is exposed to oxygen in air, it oxidizes to produce CO2. 

However, the rate of formation of CO2 by this process is low.
ÅUncontrolled combustionςOn 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 characterisedby rapid reactions, sometimes 
visible flames and rapid CO2 formation. 
ÅExploration emissions ςThese 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.

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

Fugitive emissions
Coal mining

VSee 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


ÅThe 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). 
ÅVenting and flaring emission sources are engineered or intentional (e.g., vents from tanks, seal 

and process vents and flare systems).
ÅLeak emissions (e.g. working losses from tanks, and leaks from other equipment) are 

unintentional (or uncontrolled). 

Fugitive emissions
Oil and natural gas

VSee 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


ÅFugitive CH4 and CO2 emissions from mining, processing, storage and transportation 
of coal: 
ÅIncludes guidance on fugitive CO2 emissions from underground and surface mines including CO2

from methane utilization or flaring from underground coal mines.
ÅAdds year specific default input values for fugitive CH4 emissions from abandoned underground 

mines for period 2017 - 2050 (previously the series of default values ended at 2016)

ÅFugitive emissions from oil and natural gas systems: 
ÅIncludes 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). 
ÅIncludes methods and emission factors for abandoned wells.

ÅFugitive emissions from fuel transformation: 
ÅIncludes 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).

Fugitive emissions
Methodological updates
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


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

ÅSubdivided 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 
systems boundary is the downstream end of a transport pipeline, or a ship offloading 
facility

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
Methodological approach



ÅCO2 can be captured via pre-combustion, post-combustion and oxy-fuel 
capture activities and also at some industrial processes (e.g., in cement 
industry).

ÅCO2 transport can be organized mainly by pipelines (and ships).

ÅCO2 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.
ÅThe 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.
ÅHowever a site-specific Tier 3 approach can be developed.

Carbon dioxide Transport, injection and storage
Methodological approach



Time series consistency
ÅGHG Inventory provides information on historical emissions trends and 

tracks the effects of strategies to reduce emissions at the national level.

ÅAnnual estimates should be comparable

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

ÅCases to ensure time series consistency
ÅRecalculations 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
- /ƻǊǊŜŎǘƛƻƴ ƻŦ ŜǊǊƻǊǎΧ

ÅAdding new categories



ÅData availability issues: 
ÅPeriodic data 
ÅChanges and gaps in data 

availability

ÅSplicing techniques ς
combining or joining of more than one 
method to form a complete time series

VWe need to ensure quality of 
time series
ÅApply quality checks to entire 

time series

VAll decisions, methods and 
reasons should be documented

Time series consistency
Resolving data gaps



Time series consistency
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Good practices in N. Macedonia

Updated activity 
data available 

Change in IPCC 
methodology

Better activity 
data available

Revision of data 
sources, and 
better data 
available



Data collection and time series consistency

ÅMethodological principles –Good practices (2006 IPCC GL):
ÅFocus 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. 
ÅChoose data collection procedures that iteratively improve the quality of the 

inventoryin line with the data quality objectives. 
ÅPut in place data collection activities (resource prioritisation, planning, 

implementation, documentation etc.) that lead to continuous improvement of 
the data sets used in the inventory. 
ÅCollect data/information at a level of detail appropriate to the method used. 
ÅReview data collection activities and methodological needs on a regular basis, 

to guide progressive, and efficient, inventory improvement.  
ÅIntroduce agreements with data suppliersto support consistent and 

continuing information flows. 



Virtual Technical training on updating the national GHG 
inventories for the Energy sector - 2nd part

presenter: Scientific collaborator PhD Aleksandar Dedinec
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Reference vs sectoral approach

ÅмΦ [ŜǘΩǎ ǎǘŀǊǘ ŦǊƻƳ ǘƘŜ ŜƴŜǊƎȅ ōŀƭŀƴŎŜΚ 5ƻ ǿŜ ƘŀǾŜ ŀ ŘŜǘŀƛƭŜŘ ŜƴŜǊƎȅ ōŀƭŀƴŎŜ

Å2. Divided in two parts:

Å General part

Å Detailed consumption

ÅMain idea of the GHG inventory? 

ÅTransfer the energy balance data into IPCC software



Reference vs sectoral approach

ÅReference approach is top-down approach (Supply data) –Tier 1 

Å Very fast GHG inventory could be created

Å For countries with no detailed sectoral data

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



Reference vs sectoral approach
Å1. Interface of the reference approach



Reference vs sectoral approach

ÅCombination of both methods –check for errors 

Åhttps://www.menti.com/unw56ubn17

Å

>5% need 
explanation



Reference vs sectoral approach
ÅThe reason for different GHG emission –different emission 

factors by sectors, refinery, losses, fugitive emissions etc. 



Reference vs sectoral approach
Å[ŜǘΩǎ ƳŀƪŜ ŀ ǎƘƻǊǘ ǘƻǳǊ ƻŦ ǘƘŜ ǊŜŦŜǊŜƴŎŜ ŀǇǇǊƻŀŎƘ ƛƴ ǘƘŜ Lt// ǎƻŦǘǿŀǊŜ



Å

ÅReference vs sectoral approach

ÅKey category analyses

ÅUncertainty

ÅQA/QC



Key category analyses

Å

ÅKey categories ςsecond tool in the IPCC software

ÅWhy it is needed?

ÅTo identified the categories with highest impact on the country GHG inventory. 

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

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

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



Key category analyses

ÅTwo types 

Å Absolute level 

Å The trend (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 
decreasing, or is a sink or source)Country specific 

emission factors

Disaggregation to 
subsectors



Å

ÅReference vs sectoral approach

ÅKey category analyses

ÅUncertainty

ÅQA/QC



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

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

ÅIn most of the cases at least default emission factors are used 

Uncertainty

Increase the credibility 

Good practice

Users are more confident

Efforts to reduce 
uncertainty



Å

ÅFirst step ςdefine the uncertainty for the activity data and emission 
factors. 

Uncertainty



Å

ÅTwo basic approaches :
ÅError 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. 

ÅMonte 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



Uncertainty
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ÅThe IPCC software was remodeled in MATLAB. The database with the input parameter was 

used.
IPCC database
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Å

ÅReference vs sectoral approach

ÅKey category analyses

ÅUncertainty

ÅQA/QC



ÅWhy? Who? 

ÅQA/QC ςPerson not directly involved in the GHG sectoral emissions 

development

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

QA/QC

Transparency

Accuracy

Consistency

Comparability

Completeness.



QA/QC
Data Type QA Activity Remarks / Comments / Examples

Activity Data Check

Check for transcription, typographical error and error transposition. Compare the national data source with the inventory data contained in the IPCC Inventory Software

Compare with official published data

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

Identify and fix outliers in data inputs (including checking the inclines and spikes in the trend)
5ŀǘŀ ǿƘƛŎƘ ŘƻƴΩǘ Ŧŀƭƭ ǳƴŘŜǊ ǘƘŜ ǊŜŀƭƛǎǘƛŎ ǊŀƴƎŜ ŀƴŘ ŀǊŜ ǎǳǎǇŜŎǘŜŘ ŀǎ ƛƴŀŎŎǳǊŀǘŜ ŀǊŜ ŀǎǎŜǎǎŜŘ ŀƴŘ ƛŦ 
necessary are removed and replaced with data from international sources or derived from expert 
judgment

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

Check the documentation of all sources, data format and assumptions for easy reference
Keeping records on the data source and assumptions used in each data sheet of the IPCC Inventory 
Software. 

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

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)

Ensure that the AD are provided in the appropriate units
Check the background table for each category and ensure the consistency and the accuracy of the AD 
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

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

Emission factors

Check the implied emission factors (time series) Ensure consistency check of the use of the EF
Double check in regards to the country specific EF published in the EFDB and compare with 
the EF of the other countries 

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 
consistent, comparable and transparently documented 

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

Calculation by the IPCC 
Inventory Software

Cross check all steps involved in the calculation
Ensure that all steps used for determining, estimating and deriving data are accurate, transparent and 
internally consistent

Check the documentation of sources and correct use of units Check if the documentation template records are appropriately fulfilled
Check completeness of the data coverage Ensuring that all relevant gases for all the activities were covered
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)

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

Results (emissions)

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

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

Identify and fix outliers in the results Checking for inconsistency of the emission trends and levels

Check the difference between the sectorial and the reference approach in the Energy Sector
Ensure consistency between the emission estimates and the allocation of carbon in the sectoral and in 
the reference approach

Check the completeness, use of notation keys and confidential information Check if complete estimates are provided and if notation keys are used where no estimates are provided
Creativeness of the use of the notation keys Check if the appropriate notation keys are in use
Verify the assumptions, corrections, data and sources Ensure consistency, transparency, facilitate repeatability and easy retrieval

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

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



QA/QC

Step 1: 
Allocation of 

roles (CTA, IDT 
members, QAT 

members)

Step 2: 
Defining the 

GHG Inventory 
components

Step 3: Activity 
data collection

Step 4: Data 
input, 

documenting 
and 

calculating of 
emissions (Tier 

1 QC 
procedures 

undertaken in 
parallel)

Step 5: QA at 
sectoral level

Step 6: 
Compilation of 

overall 
inventory 

Step 7: QA of 
overall 

inventory 
summary 

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

Å/The process in a nutshell (MK good practice)

¶ Input data collecting mechanisms

¶ Time series

¶ Emission factors (National/IPCC defaults)

¶ Methodologies for emission calculation



Thank you for your attention

Questions?

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

