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This document provides comprehensive guidelines on the integration of climate change priorities into national 
policies, development strategies and programmes for relevant sectors. It aims to strengthen dialogue, information 
exchange and cooperation amongst all the relevant stakeholders, including the governmental and non-
governmental, academic and private sectors. This document was produced with the technical and financial 
support of the United Nations Development Programme (UNDP) and the Global Environmental Facility (GEF).  
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Abbreviations 
 
 
 
 

AR4 Fourth Assessment Report 
  

BAU Business as Usual 
  

CCPP Combined Cycle Power Plant 
  

CH4 Methane 
  

CHP Combined heat and power 
  

CNG Compress Natural Gas 
  

CO2 Carbon dioxide 
  

COP Conference of the Parties 
  

CORINAIR CORe INventory AIR emissions - Emission Inventory Guidebook 
  

CORINE Coordination of Information on the Environment 
  

CSC Climate Service Center 
  

DALY Disability-Adjusted Life Year 
  

DNA Designated National Authority 
  

DOC Degradable Organic Carbon 
  

EE Energy Efficiency 
  

ETS Emission Trading System 
  

EU European Union 
  

FAO Food and Agriculture Organization 
  

FNC First National Communication 
  

FOD First Order Decay 
  

FP Framework Program 
  

GCM Global Climate Model/General Circulation Model 
  

GDD Growing Degree Days 
  

GDP Gross Domestic Product 
  

GEF Global Environmental Facility 
  

GHG Greenhouse gas 
  

GIS Geographic Information System 
  

GIZ Deutsche Gesellschaft für Internationale Zusammenarbeit 
  

HACCP Hazard Analysis Critical Control Point System 
  

HFC Hydrofluorocarbons 
  

HPP Hydro power plant 
  

IBRD International Bank for Reconstruction and Development 
  

ICEIM-MANU Informatics and Materials of the Macedonian Academy of Sciences and Arts 
  

IPA Instrument for Pre-Accession Assistance 
  

IPARD Instrument for Pre-accession Assistance for Agriculture and Rural Development 
  

IPCC Inter-governmental Panel on Climate Change 
  

IPPC Integrated Pollution Prevention Control 
  

IRR Internal Rate of Return 
  

JICA Japan International Cooperation Agency 
  

JRC Joint Research Center 
  

LPG Liquefied Petroleum Gas 
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LULUCF Land Use, Land-Use Change and Forestry 

  

MAFWE Ministry of Agriculture, Forestry and Water Economy 
  

MBT Mechanical and biological treatment 
  

MOEPP Ministry of Environment and Physical Planning 
  

MRV Measurement, Reporting, and Verification 
  

MSW Municipal Solid Waste 
  

NAMA Nationally Appropriate Mitigation Actions 
  

NCCC National Climate Change Committee 
  

NDE National Designated Entity 
  

NEAP National Environmental Action Plan 
  

NGO Non-governmental organization 
  

NMVOC Non-Methane Volatile Organic Compounds 
  

NOx Nitrous Oxides 
  

NPV Net Present Value 
  

NWMP National Waste Management Plan 
  

PFC Perfluorocarbons 
  

PP Power Plant 
  

PV Photovoltaic 
  

QELRC Quantified Emission Limitation and Reduction Commitment 
  

R&D Research and Development 
  

RDF Refuse Derived Fuel 
  

RES Renewable energy source 
  

SE South East 
  

SEEFCCA South East European Forum on Climate Change Adaptation 
  

SEEVCCC South East European Virtual Climate Change Center 
  

SME Small and Medium Enterprises 
  

SNC Second National Communication 
  

SoVI Social Vulnerability Index 
  

SOx Sulphur Oxides 
  

SRES Special Report on Emissions Scenarios 
  

TNA Technology Need Assessment 
  

TNC Third National Communication 
  

UNDP United Nations Development Programme 
  

UNEP United Nations Environmental Programme 
  

UNFCCC United Nations Framework Convention on Climate Change 
  

USAID United States Agency for International Development 
  

UV Ultra Violet 
  

WHO World Health Organisation 
  

WMO World Meteorological Organisation 
  

WMRs Waste Management Regions 
  

ZELS Association of the units of Local Self-Government of The Republic of Macedonia 
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Units 
 
 
 
 

EUR Euro 
  

GWh Gigawatt hour 
  

kt kilo tonne 
  

ktoe kilo tonne of oil equivalent 
  

m3 cubic meter 
MEUR Million Euros 

  

MKD Macedonian Denar 
  

Mt Mega tonne 
  

MW Megawatt 
  

Nm3 Normal cubic  meter  
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Figure 22: Total number of vehicles in the road transport 

 
In 2019 there were 205 passenger cars per 1000 inhabitants5 travelling 9.26 billion passenger-km. The vehicle fleet is generally 

very old with the average age of 19.4 years for passenger cars, 18.2 years for buses, and 16.6 years for goods vehicles in 2020 
(State Statistical Office 2021). Transport made up 6.0% of the expenditure of an average household in 2019 (State Statistical 
Office 2020). Transport infrastructure is the largest contributor to the total value of completed construction works on structures 
in the public sector, built by business entities (48.8% in 2009, 26.3% in 2014 and 35.9% in 2019). 

 
Participating with 27.7% in 2019, the transport category is the second biggest contributor in the overall energy sector emissions 

(National Inventory Report 2021). Regarding the fuels, gas/diesel oil (road diesel), motor gasoline, liquefied petroleum gases (LPG), 

aviation gasoline and natural gas are used. Three subcategories actively contributing to the emissions: Road Transportation, Railways 

and Domestic Aviation. Road Transportation releases almost all of the emissions (99.6% in 2019), while emissions from Railways are 

nearly 0.4% and from the Domestic Aviation are close to zero. Unlike the other categories and Energy sector as a whole, the emissions 

from Transport show an increasing trend, or 26.5% more emissions in 2019 compared to 2014, and 12.4% more in 2019 compared to 

2016. Over the period 1990 - 2016 the emission increased by almost 200%.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2-3: GHG Emissions in Transport (in Gg CO2-eq)  
Source: National Inventory Report 2021  

 
 
 
 

 
5 United Nations Economic Commission for Europe (2022). Transport Statistics Database.   
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2.2 Climate change-related institutional and policy framework 
 

The Republic of North Macedonia is a party to the United Nations Framework Convention on Climate Change 
(UNFCCC) as a non-Annex I country and party to the Kyoto Protocol without a quantified emissions limits 
and reduction commitment (QELRC). However, the country has acceded to the Copenhagen Accord, and it 
submitted a list of mitigation actions (without quantifying the associated emission reductions) based on these 
actions. 

 
The Ministry of Environment and Physical Planning (MOEPP) is the key governmental body responsible for 
development of climate change policies. MOEPP has been designated as the National Focal Point to the UNFCCC and 
as Designated National Authority (DNA) for Kyoto Protocol implementation and is therefore the key governmental body 
responsible for coordinating implementation of the provisions of the Convention and the Protocol. The UNFCCC Gender 
and Climate Change Focal point has been nominated from the Ministry of Labour and Social Policy. Other ministries 
that have responsibilities related to climate change are: Ministry of Agriculture, Forestry and Water Management, Ministry 
of Economy, Ministry of Transport and Communication, and Ministry of Finance. Most of these ministries have appointed 
Climate Change Focal Points, who are responsible for mainstreaming climate change into respective policies, strategies 
and programmes. In addition, the Ministry of Health established a National Committee for Climate Change and Health in 
2009 to serve as the responsible body for surveillance activities and decision-making in that area. 

 
In January 2000, the Climate Change Project Office was set up within MOEPP. In addition, a National Climate Change 
Committee (NCCC) was established by the Government consisting of representatives of all relevant stakeholders: government 

bodies, academia, private sector and civil society. The NCCC is a participatory platform aimed at providing high-level support 

and guidance for overall climate change policies in the country. Moreover, a National Council for Sustainable Development 
has also been established under the auspices of the Deputy Prime Minister in charge of economic affairs. 

 
At the legislative level, climate change issues are incorporated into the Law on Environment, including details on the 
preparation of GHG emissions inventories as well as an action plan on measures and activities to abate the increase of 
GHG emissions and to mitigate the adverse impacts of climate change. The Law on Environment stipulates that a 
National Communication for climate change is to be adopted for the purpose of stabilizing GHG concentrations at a level 
that would prevent any dangerous anthropogenic impact on the climate system within a timeframe sufficient to allow 
ecosystems to naturally adapt to climate change, in accordance with the principle of international cooperation and the 
goals of the national social and economic development. In July 2013, changes in the Law on Environment were adopted, 
and a new article (188) was added regarding the national system of GHG emissions inventories. This article called for a 
national system of inventories of GHG emissions to be established to provide a database of relevant information for the 
preparation of GHG inventories as well as to monitor the implementation of agreements regarding climate change. This 
system incorporates collection, processing, assessment, verification and quality assurance and management of 
uncertainty, as well as storage, use, distribution and presentation of data and information derived from entities holding 
data for anthropogenic emissions by sources and sinks of greenhouse gases in the atmosphere. 

 
Recognizing the important steps forward in the institutionalization of climate change issues and the mainstreaming of climate 
change in the national and sectorial development policies, the development of three National Communications to the UNFCCC 
has contributed to strengthening these integration processes as well as to informing the international community on the actions 
taken by the country to address climate change issues. The First, Second, and Third National Communication on Climate 
Change were adopted by the Government of North Macedonia and submitted to the UNFCCC Secretariat in 2003, 2008, and 
2014 respectively. This Fourth National Communication (NC4) represents a further step forward in the process. 

 
In addition, three Biennial Update Reports (BURs) have been carried out (BUR 3 was submitted in June 2021) to 
build on the findings and recommendations of the National Communications, as well as the outcomes of the 
ongoing complementary projects in the country. In order to fulfil the obligations arising from Cancun and Durban 
Conference of Parties (COP) decisions related to the submission of national communications and biennial update 
reports, further support is needed to continue to develop and consolidate the existing technical and institutional 
capacity and to continue the efforts of integrating climate change into national policies, plans and programs. 

 
It should also be noted that in the context of the EU accession process, the Republic of North Macedonia has 
already initiated the process of harmonising of its approach towards EU commitments to the UNFCCC and 
sections of the EU acquis communautaire related to climate change. While the Republic of North Macedonia is not 
currently under any obligation to enter the EU emission trading system (ETS) or have a national ETS, the 
Enhanced Nationally Determined Contribution includes a goal to align with the EU Emissions Trading System 
(ETS) carbon price by 2027. Additional details related to the EU accession process are included below.  
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https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Fertility_statistics
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Figure 3-1: National inventory process 
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Table 3-2. GHG emissions by gas (in CO2-eq)  

 
Gas 1990 2000 2005 2014 2015 2016 2017 2018 2019 

CO2 (incl. FOLU) 10,147 10,237 9,689 8,411 7,971 7,717 8,123 7,621 8,698 

CO2 (excl. FOLU) 1,713 1,572 1,509 1,562 1,594 1,586 1,640 1,636 1,546 

CH4  463 414 446 451 459 487 1,000 952 744 

N2O 0 5 103 158 166 234 154 198 279 

HFCs 92 63 0 0 0 0 0 0 0 

PFCs 0 0 0 0 0 0 0 0 0 

SF6  10,147 10,237 9,689 8,411 7,971 7,717 8,123 7,621 8,698 

Total (incl. FOLU) - Net emissions 10,870 22,346 9,719 7,330 9,299 8,704 12,278 8,644 12,902 

Total (excl. FOLU) 12,415 12,290 11,747 10,582 10,190 10,024 10,918 10,407 11,268 

             
             
              

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3-3. Total GHG emissions by gas, excluding FOLU (in Gg CO2-eq) 
 

Despite the small share of the F-gases in the total emissions, only HFCs and PFCs are reported in the inventory (Table 
3-2). The SF6 emissions are not estimated for Macedonia due to the unavailability of activity data. As shown in Figure 3-

4, the emissions of HFCs start in the year 2000, achieving 279 Gg CO2-eq in 2019, fluctuating over time, depending on 
the activities in the IPPU sector, while the PFCs emissions are considerably decreasing after 2003. The significant growth 
in the import of gases (blends) used for refrigeration and air-conditioning has increased HFCs emissions in recent years.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3-4. Emissions of F-gasses (in Gg CO2-eq) 35  
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In 2019, the CO2 emissions accounted for 63.4% of the overall greenhouse emissions from IPPU. The HFCs were 
second highest contributor and accounted for 36.6% of the total emissions. CH4 emissions were negligible 
(accounting for less than 0.001% of the greenhouse emissions from this sector. The emission of SF6 were not 
estimated due to unavailability of activity data. The emissions segregated by gas are presented in Figure 3-10.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3-10. GHG emissions from the IPPU sector, by gas (in Gg CO2-eq) 
 

Among the subcategories, the three main sources of emissions are cement production, products used as 
substitutes for ODS, and ferroalloys production. 

 
There is only one cement production factory in the country. Marlstone is used as basic mineral raw material and is obtained 

from the open-cast mine, located within the factory. Marlstone, as a non-metallic mineral raw material, is a basic component in 
the production of clinker, i.e., cement. The emissions from the cement production were influenced by the volume of industrial 

activity and their fluctuation were observed over the inventory period. However, an increasing trend can be seen in the last three 
years, resulting with 28% higher emissions in 2019 relative to 1990, or 3.4% higher relative to 2016. 

 
Hydrofluorocarbons (HFCs) and, to a very limited extent, perfluorocarbons (PFCs), are serving as alternatives to ozone 
depleting substances (ODS) being phased out under the Montreal Protocol. HFCs and PFCs are not controlled by the 
Montreal Protocol because they do not contribute to depletion of the stratospheric ozone layer. In Macedonia these 
gasses are mainly used for refrigeration and air conditioning. The HFC emissions from this sector follow an increasing 

trend in the reported years, reaching the highest level of 279 CO2-eq in 2019, and 234 CO2-eq in 2016. 
 

In North Macedonia, electricity is mainly used to produce ferro-alloy. In the electric furnaces, heating is realized by passing 
current through graphite electrodes suspended in a cup-shaped, refractory-lined steel shell. Carbon reduction of the metallic 

oxides occurs as both coke and graphite electrodes are consumed. This process results in both CO2 and CH4 emissions. The 

trend of the GHG emissions from ferroalloy production is fluctuating over the observed period, mainly because of the financial 
crises (locally and globally). In 2019, the GHG emissions amount have decreased for 77% from 1990 level, and for 58% 

 
 

3.3.3 Agriculture, forestry, and other land use 
 

Agriculture, Forestry, and Other Land Use (AFOLU) is unique among the sectors considering the numerous processes 
leading to emissions and removals of greenhouse gases, which can be widely dispersed in space and highly variable in 
time. The AFOLU sector covers Livestock production activities; Land use in particular Forestland, Cropland, Grassland, 
Wetland, Settlements, and other land; Aggregate sources and non-CO2 emissions sources on land; and Other. 

 
As one of the primary sources of GHG, the AFOLU sector produced total emissions of CO2-eq varying in a range from 11,300 

Gg in 2000 to the lowest -2,125 Gg in 2014, followed by an significant variations for the period 2015 to 2019, which is mostly 
result to the year to year changes of emissions in forestland (Figure 3-11 and Table 3-5). Main emissions are produced in 
livestock sector. Cattle are the primary source of GHG among the ruminants. Most of the methane emission arouses from 

enteric fermentation (approx. 80%), while manure management contributes with only 15-18% of the total CH4 emissions.   
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Figure 3-11. GHG emissions (and removals) from AFOLU sector (in Gg CO2-eq) 
 
 
 

Table 3-5. GHG emissions and removals from AFOLU sector, by category (in Gg CO2-eq)  
 

 1990 2000 2005 2014 2015 2016 2017 2018 2019 

AFOLU -77 11,300 -825 -2,125 274 -118 3,115 -59 3,003 

Livestock 1,109 937 876 791 820 834 1,056 1,041 824 

Land -1,545 10,057 -2,027 -3,251 -889 -1,319 1,361 -1,761 1,634 

Forestland -1,724 9,843 -2,231 -3,382 -1,225 -1,872 1,133 -2,255 1,060 

Cropland 52 93 75 78 140 257 123 266 199 

Grassland -4 7 41 -3 110 163 27 104 196 

Settlements 10 18 14 23 18 6 7 7 17 

Other Land 121 96 74 33 68 127 71 118 163 

Aggregate sources and non-CO2 

359 308 327 336 344 369 699 664 544 emissions sources on land          

Urea application 4 4 1 2 2 2 3 3 3 

Direct N2O emissions from managed soils 210 182 209 207 210 225 434 413 343 

Indirect N2O emissions from managed 
81 68 76 75 75 81 148 140 114 soils          

Indirect N2O emissions from manure 
35 32 29 29 35 39 98 94 68 management          

Rice cultivations 29 23 12 24 23 23 16 15 17 

Harvested Wood Products -1 -1 -1 -2 -2 -2 -2 -2 0 
 

The forestry sector is a major contributor of GHG sinks in the Republic of Macedonia within the Land subsector of 
AFOLU, except for several years when because of forest fires (burned areas), emissions from this category of land use 
were significantly above the annual average. The area of forestland, the species composition (conifers, broadleaved, 
mixed), as well as the annual increment and removals from the forests are relatively stable. Land as a part of AFOLU, 
and more specifically, Forestland, in most cases are significant sinks of GHG. In some years of the reporting period, like 

in 2005 (-2,230 Gg CO2-eq), 2014 (-3,382 Gg CO2-eq), and 2018 (-2,255 Gg CO2-eq) removals are notable. At the same 
time, years with significant numbers of forest fires and large burned areas of forest, contribute to increase of the GHG 
emissions (2000 with 9,843 Gg, 2017 with 1,133 Gg, and 2019 with 1,060 Gg). 

 
For the non-CO2 sources of GHG, it can be concluded that numerous management practices and inputs are resulting in a 
significant amount of GHG emissions, which total emission when summed up, differ in a wide range for specific periods. If we 
compare the period 1990-2016 where total emission of GHG are in ranges of from 308 Gg CO2-eq in the year 2000 up to 369 

Gg CO2-eq, in 2016. In the last three years of the analysed period (2017-2019), there is a severe increase of the emissions from 

non-CO2 sources, especially in the categories: direct and indirect emissions from managed soils and manure management. 

There are no severe changes in the overall emissions trend for the other two types of non-CO2 emissions urea application and 

rice cultivation. A significant source of non-CO2 gases is managed soils, which contribute with a total AFOLU CO2- equivalent 
emissions (excluding sinks from Forestry) in a range of 17.11% in 2000, up to 29.37 % in 2017   
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Table 3-10. Cropland (ha)          

 1990 2000 2005 2014 2015 2016 2017 2018 2019 

Cropland 590,833 580,381 565,252 543,030 538,036 535,904 533,692 530,455 526,765 

Cropland Remaining 
587,231 578,265 563,841 541,972 536,198 533,592 531,458 528,163 525,441 

Cropland          

Land Converted to 
3,602 2,115 1,411 1,058 1,838 2,312 2,235 2,293 1,324 

Cropland           
 

Emissions from cropland are mainly result to the conversions and changes in perennial plantations. Giving though that the 
converted areas, as previously explained, are changing in a very narrow boundaries over the analysed periods, the 
emissions of CO2 are varying in a narrow range as well. The intensity of emissions is mostly due to the conversion of 
areas under Forest land to Cropland, when huge quantities of CO2 are released from the above and belowground forest 
biomass. Such trend is more significant in the period after 2015, when more accurate graphical datasets become 
available, like SENTINEL products. The total yearly emissions with conversions vary in ranges of almost 266 Gg CO2-eq. 
in 2018 up to only 52 Gg CO2-eq. in 1990 which is more than 5 time increasing over the analysed period (Table 3-11). 

 
Table 3-11. Emissions from cropland (CO2-eq)          

 1990 2000 2005 2014 2015 2016 2017 2018 2019 

Cropland, Gg CO2-eq, 52 93 75 78 140 257 123 266 199 
Cropland Remaining Cropland 0 0 0 0 0 0 0 0 0 

Land Converted to Cropland 52 93 75 78 140 257 123 266 199 

Forest Land converted to Cropland 44 86 65 71 129 250 106 259 190 

Grassland converted to Cropland 8 7 9 6 11 7 16 7 8 

Wetlands converted to Cropland 0 0 0 0 0 0 0 0 0 

Settlements converted to Cropland 0 0 0 0 0 0 0 0 0 

Other Land converted to Cropland 0 0 0 0 0 0 0 0 0  
 
 
 
 

Grassland 
 

Grassland together with the cultivated land represent the total agriculture land. Pastures covers areas on higher 
altitudes above the forests, known as high mountainous pastures, and areas in the lower parts used for grazing of 
animals during the winter period. In the process of the photointerpretation of the satellite, images as a Grassland 
were considered all areas covered with the following categories of land use according CORINE LC: Pastures, 
Complex cultivation patterns and Natural land with significant areas of natural vegetation. 

 
In terms of emissions of GHG, according to IPCC methodology, due to the low inputs and management 
practices for the areas designated as Grassland Remaining Grassland, in Tier 1 approach, grassland is 
considered as a system in equilibrium in terms of emissions/removals, due to what emissions are not 
reported. The only inputs on these areas are the urine and excrement deposition from grazing animals. 

 
According to the results from the analysis, it can be noted that the total area of Grassland similarly like with 
the Copland, fluctuates in a very narrow ranges from slightly above 627 thousand ha. in 1990 to around 626-
628 thousand ha. for the period 2014-2019 (Table 3-12). 

 
Table 3-12. Grassland area, ha          

 1990 2000 2005 2014 2015 2016 2017 2018 2019 

Grassland 627,047 632,048 631,364 626,207 628,085 627,484 627,483 628,355 626,879 

Grassland Remaining Grassland 623,843 629,701 627,239 622,093 623,437 625,425 623,927 624,772 623,234 

Land Converted to Grassland 3,204 2,347 4,125 4,114 4,648 2,059 3,555 3,583 3,645   
Emissions from the areas of Grassland Remaining Grassland are not reported since removals and emissions, according to Tier 

1 approach, are in equilibrium (carbon neutral) in all CO2 pools, like above and below ground biomass, dead wood, and SOC. 

There are certain sources of non-CO2 emissions coming from the burned areas of Grassland, but due to the absence of exact 
data of the burned areas, these emissions are not reported. The emission from the grassland is mainly caused by   
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land use changes. Emissions trends from Grassland similarly like the area under this category significantly differ from -3.46 Gg-

CO2-eq in year 1990, up to 195,94 Gg- CO2-eq. The values of CO2 emissions, within the period 2014-2019 are significantly 

higher than to the previous period (1990-2014), which is result to the higher emissions coming from the conversions of areas 
under Forestland. Having in mind that the analysis of the conversions of LU were done on the base of remotely sensed data, it 
should be emphasized that in some cases burnt forest areas might be mistakenly reported as Grassland. This might be the 
explanation for the appearance in some years of a newly converted 100-190 ha of Forestland to Grassland (Table 3-13). 

 
Table 31-3. Emissions from grassland (CO2-eq)  

 
 1990 2000 2005 2014 2015 2016 2017 2018 2019 

Grassland -3 7 41 -3 110 163 27 104 196 

Grassland Remaining Grassland 0 0 0 0 0 0 0 0 0 

Land Converted to Grassland -3 7 41 -3 110 163 27 104 196 

Forest Land converted to Grassland 11 17 41 0 118 175 33 116 198 

Cropland converted to Grassland 6 4 14 12 12 1 10 7 10 

Wetlands converted to Grassland 0 0 0 -1 0 0 0 0 0 

Settlements converted to Grassland 0 0 0 -1 0 0 0 0 0 

Other Land converted to Grassland -21 -15 -14 -13 -19 -13 -16 -19 -11 
 
 
 
 
 

Wetland 
 

Wetlands as a land use category in these reports, were identified and delineated from the satellite images used, taking in 
consideration the CORINE LC classification. The CORINE classes encompassed in the Wetland category of land use, 
are peat bogs and inland marches. The national Statistic does not report wetlands as a particular type of land use; due to 
what CLC is the only source of information for identifying categories of LU which falls within Wetland area. 

 
Estimation of total area of Wetland were accomplished with photointerpretation of satellite images and the 
classification adopted from CORINE LC. The total area of wetlands is varying in a narrow range from 53,394 
ha in 1990 to 54,209 ha. in 2005, or a maximum difference of 815 ha. 

 
Table 3-14. Wetland area, ha          

 1990 2000 2005 2014 2015 2016 2017 2018 2019 

Wetland 53,394 53,722 54,209 53,476 53,461 53,607 53,566 53,626 53,626 

Wetland Remaining 
53,308 53,685 53,854 53,315 53,300 53,291 53,358 53,473 53,626 Wetland          

Land Converted to 
86 37 355 161 161 316 208 153 0 Wetland           

 
Unfortunately, as already reported due to some unexpected malfunction of the IPCC software or the 
database, we were not able to run calculations for the emissions or sinks from the wetlands. 

 
 
 
 
 
 

Settlements 
 

Settlement is another category of land use that is not reported within the official national statistics of land use. For this reason, 
satellite images (LandSAT and Sentinel 2) data source were used to estimate the spatial distribution of the area of this category 
as well as its temporal dynamics. Similarly, like with the Wetlands, to identify which areas from the satellite images should be 
included within the category of Settlements, CORINE LC classification was used as an auxiliary dataset for this purpose. Several 
land uses classes, out of in total 31 CORINE LU class, were identified to outline the area under Settlements, like: Continuous 
and Discontinuous urban fabric, Green urban areas and Sport and leisure facilities.  
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the period covered with this analysis, from almost 255 thousand ha. in 1990, down to bit less than 215,000 ha. in 
2014, which is AN reduction of 40,000 ha. The highest intensity of decreasing is in the period 1990-2015, when 
significant areas of Other land were converted to Forest land and Grassland according to the findings. 

 
Table 3-17. Other land area (ha)  

 
 1990 2000 2005 2014 2015 2016 2017 2018 2019 

Other land 254,726 234,296 228,333 219,809 219,169 217,724 217,105 214,954 216,045 

Other land Remaining Other 
250,286 230,402 225,015 217,535 216,446 215,538 214,888 213,103 212,697 land          

Land Converted to Other 
4,440 3,894 3,318 2,274 2,722 2,187 2,217 1,852 3,347 land          

 
Emissions trend from this category of land use is significantly variable and fluctuate in a very vide ranges from only 
33 Gg CO2-eq in 2014, up to 163 Gg CO2-eq in 2019. Out of the data presented in Table 3-18, it can be noticed 
that this variability of the emissions over the analysed period is mostly result to the emissions aroused with 
conversions of forest land to Other land. In some years like 2014, when conversions of Forest land are absent, the 
emissions are significantly low. Still, it should be noted, that certain categories of land use, like pastures, other 
land, and certain sub-categories of Forest land, during the process of photointerpretation of satellite images can be 
very easily mixed, so this variability of the conversion of Forest land might be result to this reason. 

 
Table 3-18. Emissions from Other land (CO2-eq)  

 
 1990 2000 2005 2014 2015 2016 2017 2018 2019 

Other land, Gg CO2-eq 121 96 74 33 68 127 71 118 163 
Other land Remaining Other land 0 0 0 0 0 0 0 0 0 

Land Converted to Other land 121 96 74 33 68 127 71 118 163 

Forest Land converted to Other land 71 50 32 0 29 102 41 96 125 

Cropland converted to Other land 47 41 37 30 33 19 24 19 19 

Grassland converted to Other land 3 4 5 3 7 6 7 3 19 

Wetlands converted to Other land 0 0 0 0 0 0 0 0 0 

Other Land converted to Other land 0 0 0 0 0 0 0 0 0 
 
 
 
 

3.3.3.3 Aggregate sources and non-CO2 emissions sources on land 
 

Non-CO2 emission refers to the practices in the AFOLU sector, which result in an emission of so-called non-
CO2 GHG, like NOx, CO, CH4. There are many management practices and inputs which a considered as 
important source of non-CO2 emissions. The emissions considered here are from different sources, like: 

 
a. Emission from biomass burning on Land, especially burning of Forest and Pastures, as well as burning of 

agricultural by-products, 
 

b. N2O direct and indirect emission from managed soils, including indirect N2O emissions arousing from the 
inputs of N containing urea and mineral fertilizers, and liming which is a practice used for changing of soil 
reaction. In this case significant quantities of lime are used which provokes emission of non-CO2 gases. Liming 
is not a common practice in the country. As a result of this and inexistence of data, liming is not reported. 

 
c. NOx emission manure management is another significant source of NOx 

 
The non-CO2 emissions for the period 1990-2016 are slightly variable from 307.8 Gg CO2-eq in 20000 up to 369.11 Gg CO2-eq 

in year 2016. For the past 3 years from 2017-2019, the non-CO2 emissions are significantly higher, which is due to the 

increasing of the values of three key sources of non-CO2 gases: direct and indirect emissions from managed soils and indirect 
emission from manure management. Emissions for these three reporting years are threefold higher compared to the period 
1990-2014 (see table below). This increase is most likely result to the newly adopted methodology of calculations in livestock 
sector (Tier-2) and the new version used for the calculation of these last three years of the inventory.  
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Table 3-20. GHG emissions from the Waste sector, by category (Gg CO2-eq)  

 
     1990 2000 2005 2014 2015 2016 2017 2018 2019 

Waste 407 413 435 574 595 607 611 622 635 

 Solid Waste Disposal 266 299 316 441 455 470 481 491 505 

 Biological Treatment of Solid Waste 0 0 0 1 1 1 1 0 0 

 Incineration and Open Burning of 9 10 14 22 23 23 23 23 23  Waste                         

 Wastewater Treatment and Discharge 132 104 105 110 115 113 107 107 108 

                            
                            

                            
                            

                            
                            

                            

                            

                            
                            

                            
                            
                             

 
 

Figure 3-13. GHG emissions from the Waste sector, by gas (in Gg CO2-eq) 
 
 

3.3.4.1 Solid waste disposal 
 

Treatment and disposal of municipal and industrial solid waste produces significant amounts CH4. A waste by 
composition approach was applied in the First Order Decay (FOD) calculation. Macedonia is categorized as an Eastern 
European country; hence, the DOC parameter and methane generation rate constant (k) were assumed to be equal to 
their corresponding default values provided in the IPCC 2006 Guidelines. As it was mentioned above, based on the 
latest national waste management plans domestic shares for composition of municipal solid waste are created. 

 
The results show that the amount of CO2-eq emissions from solid waste disposal have been constantly rising achieving 510  
CO2-eq in 2019 (Figure 3-14). Compared to 1990 CO2-eq emissions in 2019 are 90% higher, while compared to 2016 around 8%.  
Municipal solid waste participates with around 90% over the reporting period.  
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3.3.4.3 Incineration and open burning of waste 

 
Waste incineration is defined as the incineration of solid and liquid waste in controlled incineration facilities. The 
Drisla landfill is the only big landfill that has waste incineration facility and only medical waste is incinerated at this 
site. The greenhouse gas emissions from incineration of medical waste (since 2000) are considered in this report. 

 
The emissions of carbon dioxide, methane and nitrous oxide have been estimated for this category. Methane 
emissions are most significant and represent most of the total emissions of the gases emitted through open 
burning. These emissions participated with around 56% in the last five years, while the share of CO2 and N2O is 
29% and 15%, respectively (Figure 3-16). Most of the emissions are coming from Open Burning of Waste (98%).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3-16. GHG emissions from Incineration and Open Burning of Waste by gasses (in Gg CO2-eq) 
 
 

3.3.4.4 Wastewater treatment and discharge 
 

Wastewater can be a source of CH4 when treated or disposed anaerobically. It can also be a source of N2O 
emissions. CO2 emissions from wastewater are not considered in the IPCC Guidelines because these are of 
biogenic origin and should not be included in national total emissions. 

 
Wastewater originates from a variety of domestic, commercial, and industrial sources and may be treated on 
site (uncollected), seweged to a centralized plant (collected) or disposed untreated nearby or via an outfall. 
Domestic wastewater is defined as wastewater from household water use participating with around 50% in 
the overall emissions from the Wastewater treatment and discharge sub-category. 

 
Domestic wastewater treatment and discharge is not a key source of GHG emissions, so the default parameters 
and emissions factors have been used. The GHG emissions in this category depend on the population size so the 
emissions gradually increase achieving around 60 CO2-eq in 2019. Most of the of the emissions are N2O (66%) 
associated with the degradation of nitrogenic components in the wastewater, such as urea, nitrate, and protein 
while the rest 34% are CH4 emissions (Figure 3-17). It should be noted that the GHG emissions from this category 
account for 55% of the emissions in the category Wastewater Treatment and Discharge. 

 
Methane emissions account for all the emissions which are the result of industrial wastewater treatment and 
discharge. The emissions in 2019 are 11% lower compared to 2016, and 40% lower compared to 1990. The 
share of emissions from industrial wastewater treatment and discharge out of the total emissions in the 
category Wastewater Treatment and Discharge are 47% in 2016, and around 44% in 2017, 2018 and 2019.  
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3.5 Uncertainty estimation 
 

There are two basic approaches for determining uncertainty of the inventories: Approach 1 (Error Propagation method) and 

Approach 2 (which is an implementation of the Monte Carlo method). As a well-established practice in the previous inventory 

reports, both methods are implemented for the purpose of this inventory, and a comparison between them is made. 

 
The Approach 1 is based upon Error Propagation method, and it is very easy to use because it is already implemented in the IPCC 

Inventory Software. This uncertainty tool of the 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. Although, the software does not determine disaggregated results at 

sector level, they can be calculated in spreadsheet software implementing the well-known equations for Approach 1 - Error Propagation 

method. For the purposes of this inventory, this method was implemented in Excel, so that uncertainty results by sector are calculated. 

 
The second approach according to which the uncertainty can be calculated is the Monte Carlo method. According to this method, 

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. 

 
3.5.1 Input data 

 
To calculate the uncertainty of the emissions for each sector separately, as well as the uncertainty of the total annual emissions, 
it is first needed to define uncertainty values for the input data. The IPCC Inventory Software allows input of uncertainty for 
activity data and emission factors. Based on these data the software automatically calculates uncertainty using the Error 
Propagation method (Approach 1). The disadvantage of this approach is that in certain sectors where activity data and emission 
factor is composed of multiple inputs that have different uncertainty, those must be summarized in just two values for activity 
data and emission factors. Therefore, this introduces further uncertainty in the calculations. As stated previously, for the Monte 
Carlo method (Approach 2) a special tool has been created, which allows input of uncertainty for each input data separately. 

 
The input data in the Energy sector, according to the Guidelines, as well as according to the confidentiality of the available 
resources in Macedonia is the most reliable. Accordingly, the values of the uncertainty for activity data and emission factors are 

set to 5% in both methods (Table 3-22). Additionally, in the IPPU sector the same input data for uncertainty are used in both 
methods (Table 3-22). In these two sectors, the calculations of the emissions mainly depend only on the two inserted values for 

activity data and emission factors, therefore it was decided to use uncertainty only for these two variables. 

 
Table 3-22. Input data for uncertainty in the IPCC Inventory Software and Monte Carlo method for 
Energy and Industrial Processes and Product Use sectors (in %)  

 
 Activity data uncertainty Emission factors uncertainty 

Energy 5 5 

Industrial Processes and Product Use   
Mineral Industry   

Cement production 10 3 

Glass Production 5 30 

Other Process Uses of Carbonates   
Ceramics 3 5 

Other Uses of Soda Ash 3 5 

Other 3 5 

Chemical Industry   
Soda Ash Production 5 5 

Metal Industry   
Iron and Steel Production 10 5 (CO2) 

Ferroalloys Production 5 5 (CO2 and CH4) 

Aluminium production 2 10 (CO2) and 50 (PFC) 

Product Uses as Substitutes for Ozone Depleting   
Substances   

Refrigeration and Air Conditioning   
Refrigeration and Stationary Air Conditioning 5 5 (HFC)  
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For the other two sectors - AFOLU and Waste, as activity data and emission factors are mainly calculated on 
the basis of multiple input data, as well as according to the directions given in the Guidelines, in the Monte 
Carlo method the uncertainty for each input data is entered separately (as presented in Table 3-23 and 
Table 3-24). When entering uncertainty in IPCC Inventory Software for these two sectors, an approximation 
is made to represent all these values for uncertainty by only two values by subcategory, given in Table 3-25. 

 
To determine the input values for uncertainty in each sector, the corresponding Guidelines were followed. In 
most of the cases, the default IPCC values are used, however for the Livestock sub-category activity data a 
lower level of uncertainty is used because in the Republic of North Macedonia there are subsidies for 
livestock, so the number of livestock is reported by the owners which reduced the level of uncertainty. 

 
Table 3-23. Input data for uncertainty in the Monte Carlo method for AFOLU sector (in %)  

 
 Uncertainty 

AFOLU  
Livestock  

Number of animals 5 

Emission Factor 30 

Land  
Forest Land  

Wood/firewood removal 20 

Area 20 

Fraction of biomass lost in disturbance 15 

Biomass conversion and expansion factor 5 

Ratio of below-ground biomass to above-ground biomass 5 

Carbon fraction of dry matter 5 

Cropland, Grassland, Settlement and Other Land  
Area 20 

Annual biomass carbon growth 75 

Annual loss of biomass carbon 75 

Dead wood/litter stock, under the old land-use category 10 

Stock change factor for land-use system 20 

Stock change factor for management regime 15 

Stock change factor for C input 20 

 
Table 3-24. Input data for uncertainty in the Monte Carlo method for Waste sector (in %)  

 
  Uncertainty 

Waste   
Solid Waste Disposal  

Total Municipal Solid Waste 20 

Fraction of MSWT sent to SWDS 20 
Degradable Organic Carbon 20 

Fraction of Degradable Organic Carbon Decomposed 20 

Methane Correction Factor  
= 1.0 10 

= 0.8 20 

= 0.5 20 

= 0.4 30 

= 0.6 50 

Fraction of CH4 in generated Landfill 
5 Gas (F) = 0.5  

GDP 5 

Waste Generation Rate 10  
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Table 3-25. Input data for uncertainty in the IPCC Inventory Software for AFOLU and Waste sectors (in %)  

 
 Activity data uncertainty Emission factors uncertainty 

AFOLU   
Livestock 5 30 

Land   
Forest land   

Forest land remaining Forest land 20 10 

Land Converted to Forest land 10 10 

Cropland, Grassland, Settlement and Other Land   
Land remaining Land 20 50 

Land Converted to other Land 10 50 

Waste 20 20 
 

For the Monte Carlo method it is assumed that each input variable has normal distribution. 
 
 

3.5.1.2 Comparison between Error Propagation method (Approach 1) and Monte Carlo method (Approach 2) 
 

If we compare the Monte Carlo and the Error Propagation method, by subcategory (Figure 3-19), it may be noted 
that there are no significant differences in the obtained results for the Energy and IPPU sectors, except for the 
Product Uses as Substitutes for Ozone Depleting Substances subcategory. According to the Monte Carlo method, 
there is uncertainty of the input data (in this case only of imports), which in the final emissions for that year 
participate with a small percentage, while the greater part comes from the emissions from previous years. 

 
However, there are major differences in the other two sectors, due to the inability to accurately set 
uncertainty to all variables in the IPCC Inventory Software, i.e., the fact that all the uncertainty should be 
reduced to only two values (for activity data and emission factors), as previously mentioned. 

 
Figure 3-19. Comparison of Monte Carlo and IPCC Inventory Software method by subcategory for 2018  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Obviously, these differences in the emissions by subcategory when using the two approaches leads to different 
uncertainty in the total annual emissions (Figure 3-20). However, it can be concluded that the trend of uncertainty by 
year in both methods is the same, i.e., increases with the increase of the share of sectors with higher uncertainty.  
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Figure 3-20. Comparison of the total yearly uncertainty between the Monte Carlo method and IPCC Inventory Software method  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

From the finding that the mean emissions from all iterations in the Monte Carlo method is nearly equal to the actual 
estimates of the emissions and that in this method individual uncertainty for each variable may be used (which is 
according to the Guidelines), it can be concluded that the results obtained from Approach 2 are much more relevant. 

 
As it is presented, the highest uncertainty is in the Waste sector. This is primarily due to the large number of 
variables that have uncertainty, such as the total amount of municipal waste, the fraction of that amount sent 
to SWDS percentage wear landfill, methane correction factor, GPD and waste generation rate. 

 
Furthermore, there is great uncertainty in the Livestock subcategory. Following are the remaining subcategories 
from the AFOLU sector, where the main source of uncertainty are the areas of each type of land, as well as the 
areas that have been converted to other area type. However, according to the Guidelines there is also high 
uncertainty in the values for annual biomass carbon growth and annual loss of biomass carbon.  
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as well as some international databases (e.g., International Energy Agency) were utilized. The key indicators 
for the baseline scenario are shown in Table 4-1. 

 
Table 4-1: Key indicators for the Baseline Scenario in energy     

    Annual Annual Overall Overall     

Growth Rate Growth Rate Indicator 2011 2032 2050 Growth 2011 Growth 2011 2011 - 2032 2011 - 2050     - 2032 (%) - 2050 (%)     (%) (%)       

Final Energy 
1,863 2,758 3,754 1.89% 1.81% 48% 102% Consumption (ktoe)        

Power Plant 
1,838 2,687 2,875 1.82% 1.15% 46% 56% Capacity (MW)        

Electricity        
Generation & Import 8,870 11,945 14,980 1.43% 1.35% 35% 69% 
(GWh)        

Primary Energy 
3,008 4,381 5,252 1.81% 1.44% 46% 75% Supply (ktoe)        

CO2 Emissions (kt) 9,481 14,118 14,166 1.91% 1.03% 49% 49%  
 

The following results from the analysis are of note: 
 

The increase in the useful energy demand and the lack of investment in energy efficiency leads to an 
increase in final energy consumption, which has a growing rate of 2.4% per year in the period analysed 
(Figure 4-1). Electricity and diesel will continue to play an important role in the final energy consumption 
participating with around 60%. If the biomass consumption is excluded, the share of the other RES (solar, 
geothermal) is negligible. However, the share of coal and gas is going to increase, achieving 18% in 2050.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4-1: Final energy consumption by fuels 

 
Regarding the final energy consumption by sectors, the Manufacturing Industries and Construction, Residential 
and the Transport sector are the most dominant ones during the whole period (Figure 4-2). The largest growth is in 
the Manufacturing Industries and Construction sector (more than 3 times higher in 2050 compared to 2019).  
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Figure 4-2. Final energy consumption by sectors 

 
The increase of the final energy consumption, as well as not investing in RES will double the primary energy consumption 
in the considered period (Figure 4-3). Coal will still dominate, but to a much higher extent in the period after 2035, 
reaching a share of 46% in 2050. Oil products are the second largest contributors with an average share of around 30%. 
The fastest-growing fuel is natural gas, whose consumption is increased around 3.5 times in 2050 compared to 2019.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4-3. Primary energy consumption by fuels 
 

The increase of the primary energy consumption which is based on fossil fuels will increase GHG emissions in the 
analysed period by 114% in 2050 relative to 2019 (Figure 4-4). Compared to the 1990 level, emissions will be increased 
by 122% in 2050. It is important to note that the emissions presented in Figure 4-4 for the period 2014-2050 also include 
the emissions from electricity import and international aviation, which are not used for reporting the national emissions in 
the GHG Inventory (according to the IPCC methodology). In this report, electricity import is included to properly evaluate 
the proposed mitigation policies and measures, and not include electricity import as a mitigation option.  
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Figure 4-4. GHG emissions by gas 
 

The consumption of coal makes the Main Activity Electricity and Heat Production sector the greatest 
producer of GHG emissions (a share of 49% in 2050). As can be noted, electricity import significantly affects 
GHG emissions with a share of around 14% during the analysed period (Figure 4-5).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4-5. GHG emissions by sector 
 

Based on these projections, CO2 emissions would change from ~9.8 Mt in 2017 to ~14.4 Mt in 2050 with power generation making up 

the largest share. The CO2 emissions expected in the baseline scenario from all energy sectors are given in Table 4-2. 

 
Table 4-2. Projected CO2 emissions by sectors under the Baseline scenario (kt)  

 
 2014 2015 2016 2019 2020 2025 2030 2035 2040 

Agriculture 46 49 52 56 60 65 70 75 80 

Commercial 342 228 240 256 271 288 305 327 352 

Industry 1,245 1,261 1,332 1,414 1,497 1,582 1,659 1,724 1,811 

Power Sector 7,043 7,069 6,518 6,549 7,704 9,141 9,348 6,624 6,841 

Residential 144 146 153 163 179 216 260 307 339 

Transport 1,490 1,546 1,754 1,904 2,064 2,259 2,475 2,655 2,863 

Total 10,311 10,298 10,049 10,343 11,774 13,550 14,118 11,712 12,286  
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4.2.2 IPPU sector 
 

4.2.2.1 Baseline 
 

In the IPPU sector there are emissions from the following categories: Mineral Industry, Metal Industry and 
Product Uses as Substitutes for ODS. 

 
The fundamental assumption used to plan the GHG emissions in this sector is that they are mainly dependent on the increase 
of the production index growth in the specific industry. Based on this assumption, an analysis of the correlation between the 

emissions and the added value in each industry category is made. However, this assumption does not apply to the category 
Product Uses as Substitutes for ODS, where the main source of emissions is from imported appliances (such as refrigerators 

and air conditioners). For this category it is assumed that the import of appliances depends on GDP, in the WOM scenario. 

 
It is projected that GHG emissions from the Mineral industry, in the period up to 2050 will continue to be mainly constant, 
with a slight reduction in 2050 when compared to the average value in the period 2006-2019 (Figure 4-6).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4-6: Historic and projected GHG emissions and value added in the Mineral industry (in Gg CO2-eq) 

 
The emissions in the Metal industry are positively correlated to the production index growth in this category, 
so the emissions increase with annual rate of 2.9% up to 2050 (which corresponds to the increase in the 
production index growth), reaching around 900 Gg CO2-eq in 2050 (Figure 4-7).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4-7: Historic and projected GHG emissions and value added in the Metal industry (in Gg CO2-eq)  
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The emissions in the category Product Uses as Substitutes for ODS follow the growth of the GDP in Macedonia, 

and in 2050 they will achieve around 900 Gg CO2-eq or around 3 times more compared to 2019 (Figure 4-8).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4-8: Realized and projected GHG emissions in the category Product Uses as Substitutes for Ozone 
Depleting Substances and GDP (in Gg CO2-eq) 

 
Summing up the projections of the emissions in the IPPU sector shows that there is an increase of about 2 times in 2050, compared to 

2019 (Figure 4-9). The emissions will reach 2,136 Gg CO2-eq in 2050. Product Uses as Substitutes for ODS will be the most dominant 

category with an emission share of 42.5% in 2050 (32.6% in 2019). The share of the Metal Industry is also increasing, reaching 42.2% in 

2050. Since the emissions in the Mineral industry are almost constant, their share is reduced to 15.3% in 2050.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4-9: Total GHG emissions in Industrial processes and product use sector by categories (in Gg CO2-eq)  
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