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1. Executive Summary 
The Republic of North Macedonia has made good progress in reducing the environmental impacts from 

fuel use across the economy. Recent measures should help to continue to reduce air pollution, and 

greenhouse gas emissions have been falling or remained steady in recent years. However, as the economy 

grows, energy demand is also expected to rise, and with it the environmental impacts associated with 

what is still a heavily fossil fuel intensive energy supply.  

Fuel use is the largest contributor to air pollution. Several areas in North Macedonia suffer poor air 

quality, particularly during winter, with concentrations significantly exceeding the global air quality 

guidelines established by the World Health Organization. Burning of fuelwood for domestic heating and 

cooking, coal-fired power generation and the existence of an old and inefficient vehicle fleet are key 

contributors to high concentrations of ambient air pollution.  

Fuel use is also the main contributor to greenhouse gas emissions, with fossil fuels providing over 85 

percent of energy requirements. This relatively carbon-intense energy mix results in fossil fuels generating 

over 70 percent of the country’s greenhouse gas emissions. Shifting to cleaner forms of household 

heating, moving away from coal-fired power generation and improving the sustainability of the transport 

sector are three important challenges moving forward.  

Environmental tax reform, as part of a policy package, can help meet these challenges. North Macedonia 

collected 3.3 percent of GDP from excise revenues in 2020, of which less than one-third is due to excises 

on fuel. This is lower than its EU peers which collect more than 4 percent of GDP, of which half comes 

from fuel and energy. Ensuring fuel prices better reflect their total costs – by pricing in the pollution that 

is currently externalized – will generate much-needed revenue, and can support an allocation of resources 

across the economy that enhances society’s welfare, as well as support innovation and investment in 

growing sectors of the future.   

Such environmental tax reform can, in addition to environmental objectives, achieve many macro fiscal 

objectives. Environmental taxes are a particularly efficient means for governments to raise revenue. They 

typically have a less distortionary effect on output than taxes on labor or capital. And, as they can be 

placed on a few large upstream points of regulation, they are hard to evade and can capture the informal 

sectors of the economy. By raising prices on polluting industries, they can provide incentives for green 

jobs and green investments. Furthermore, lower air pollution can contribute to reducing public health 

costs. Finally, but no less important, environmental taxes can accelerate harmonization with the EU 

acquis, which requires North Macedonia to introduce a carbon price on par with the EU ETS by the time 

of accession and to be carbon neutral by 2050. Such measures will also provide the framework necessary 

to help meet North Macedonia’s enhanced Nationally Determined Contribution (NDC), which requires a 

reduction of GHG emissions to 51 percent below 1990 levels by 2030.i  

Ensuring fuel prices reflect the environmental damages from their use is an issue of growing importance 

internationally as countries look to address environmental impacts while promoting economic 

prosperity. This is particularly the case in the EU, where pricing pollution for environmental, social and 

economic benefits underpins the European Commission’s Green Deal, released in December 2019. The 

EU is investigating, for example, how it can expand the EU emissions trading system (EU ETS), apply price 

adjustments to imports to reflect carbon content (‘Carbon Border Adjustment Mechanism’), and 

incorporate pollution into energy taxation. In addition, the Energy Community, of which North Macedonia 

is a member, is investigating alignment of carbon pricing systems with those of the EU to foster a level 

playing field in the context of regional and pan-European market integration. The Tax Reform Strategy 
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2021-2025 of the North Macedonia, adopted in December 2020, confirms that boosting environmental 

taxation is a government priority. 

The existing fuel excise system provides a good framework for pricing pollution as tax rates can be 

directly linked to a fuel’s carbon content and can use the existing monitoring, compliance and 

enforcement systems. This means limited additional administrative capacity would be needed. Adjusting 

the excise system to price pollution would increase revenue, reduce energy consumption, and reduce 

pollution.  For example, a package of reforms including a low price on carbon (e.g. €20 per ton CO2 in 

2030) would provide additional annual revenue of almost MKD 15 billion and reduce annual CO2 emissions 

by over 30%, compared to business-as-usual. A higher carbon price in line with the projected EU ETS price, 

could increase annual revenue in 2030 by over MKD 30 billion and reduce annual CO2 emissions by around 

65%, compared to business-as-usual.  

Pricing pollution needs to be part of a policy package to cost-effectively and comprehensively address 

the environmental damages from fuel use and support a smooth transition to cleaner fuels. This includes 

measures to address air pollution from domestic heating, such as higher efficiency stoves, complementary 

policies in the transport sector to promote public transport, improved vehicle efficiency and modal shift 

particularly to rail. The Government’s recent push to improve competition in the power sector will help 

deliver the benefits from pricing pollution.  

Importantly, the impact of fuel price increase on poorer households and businesses need to be—and 

can be—managed. Implementing tax reform through a staged approach (starting with a lower price and 

rising over time) would help, providing time for the economy to adjust while signaling the direction it 

needs to take. A proportion of the revenue raised could be used to compensate poorer households and 

to support businesses to adopt less-polluting practices and technologies. For example, less than half of 

the additional revenue collected from the modeled reforms would need to be used to compensate the 

poorest 40% of households. Further, taking advantage of low fossil fuel prices resulting from the COVID-

19 pandemic can reduce the impact of the reform while providing funds to help promote a greener 

economic recovery.  

Policy findings 

Policy Finding 1: Use the excise system to introduce pollution pricing, so that fuel prices reflect their 

relative environmental damage. ......................................................................................................... 36 

Policy Finding 2: Bring base excise rates of diesel closer to the rate for petrol before or when applying 

pollution pricing. ................................................................................................................................. 36 

Policy Finding 3: Provide a rebate for fuel used as a feedstock ................................................................. 40 

Policy Finding 4: Introduce reforms through a staged approach ............................................................... 40 

Policy Finding 5: Update tariffs to be consistent across fuels and end subsidies to coal-fired electricity 

(i.e. through state loan guarantees) in order to prevent distortion or dilution of the price signal 

provided through the excise system (or other environmental policies). ........................................... 41 

Policy Finding 6: Use a portion of the environmental tax revenue to compensate low-income households

 ............................................................................................................................................................ 45 

Policy Finding 7: Implement a rebate system for larger stationary sources to recognize existing air 

pollution controls and to incentivize new controls. ........................................................................... 48 

Policy Finding 8: Retain existing premium support scheme for renewable energy sources in the short-

medium term to promote investment certainty, but evaluate its role over time.............................. 50 
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Policy Finding 9: Consider complementary measures that, in conjunction with the proposed tax reform, 

will support decarbonization and air quality improvements across the economy. ........................... 51 

 

2. Introduction 
The Republic of North Macedonia continues to improve its environmental performance and the efficacy 

of its environmental regulation. As part of this effort, the World Bank is working with the Government of 

the Republic of North Macedonia on environmental tax reform.1 The Government is interested in utilizing 

the tax system to improve environmental outcomes. This work comes at an important time, with a greater 

reliance on government spending to respond to, and support the recovery from, the COVID-19 pandemic. 

This underscores the importance of an efficient tax system, which can raise revenue with minimal impacts 

on output, positive outcomes for society and that helps establish the settings for long-run sustainable 

economic growth. Environmental tax reform2 can help achieve this. 

This paper aims to contribute to the Government’s plans by highlighting key policy options for reforming 

the tax system to address environmental concerns. It does this through firstly assessing the existing tax 

system to understand the incentives and measures in place in relation to environmental issues. It then 

outlines key gaps in the tax system, including in relation to the direction of environmental tax policy 

globally and in the European Union. As part of this analysis, the paper outlines a number of policy findings, 

providing suggested enhancements to the existing fiscal framework to improve environmental 

performance and support green industries. In doing so, the paper draws from the policy principles that 

underpin a greening of the tax system, to help guide policy formulation. Indicative impacts of such policy 

reforms are estimated for key parameters. The paper provides this analysis in the context of the existing 

policy reforms that are planned and underway, such as the Tax System Reform Strategy (2021-2025), the 

Strategy for Energy Development of the Republic of North Macedonia until 2040 (October 2019), the 

Strategy on Environment and Climate Change for the period 2014–2020 (adopted in 2018, developed in 

2014), the National Plan for Ambient Air Quality Protection (2012), and the 2017 National Emissions 

Reduction Plan – prepared for commitments under the Energy Community.  

The paper focuses on the energy sector, specifically on the environmental issues associated with fuel use 

and how these are influenced by the taxation system. The use of energy, in particular the burning of fossil 

fuels and fuelwood, is the largest contributor to both greenhouse gas emissions and air pollution in North 

Macedonia.ii These have important effects on the environment, human health and the economy. Reducing 

emissions from the energy sector is critical to North Macedonia meeting its  emissions reduction target of 

51 percent below 1990 levels by 2030, set out in its enhanced Nationally Determined Contribution (NDC) 

under the Paris Agreement.iii The enhanced NDC along with North Macedonia signing of the Sofia 

Declaration on the Green Agenda for the Western Balkans3, represents a significant shift in climate policy 

ambition and appetite for carbon pricing.  

 
1 At the request of the Ministry of Finance, the World Bank has developed this note on environmental tax reform. 
2 Environmental taxation refers to a range of fiscal instruments that can raise revenue, while simultaneously furthering 

environmental goals. Environmental tax reform refers to packages of policies that combine environmental taxes with expenditure 
policies, alongside various complementary policies. It seeks to improve “alignment of taxes and tax-like instruments with 
environmental damages, coupled with socially productive ways of using revenues raised” (OECD 2017. “Environmental Fiscal 
Reform: Progress, Prospects, and Pitfalls.” OECD Report for the G7 Environment Ministers, OECD Publishing, Paris). 
3 The Sofia Declaration sets out an agreement to align with EU environmental policies.  Among other things, the declaration 

highlights North Macedonia’s commitment to introduce carbon pricing in alignment with the EU ETS, phase out subsidies to 
coal, and promote uptake of renewable energy.  
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Through influencing the price of fuels, the tax system can have a huge impact on the way energy is 

produced and consumed, and consequently on the degree of environmental impact.   

This paper provides an overview of the tax system and the direction it could take to improve 

environmental outcomes from fuel use. Further analysis of the policy options presented in this paper 

would be needed prior to implementation. In particular, further work would be required to assess the 

sector-specific impacts (particularly the power sector), the required accompanying policies, as well as 

their specific design and implementation arrangements. The World Bank stands ready to support the 

Government of North Macedonia to progress this important work. 

3. Fuel use and Environmental Damage in North Macedonia 
The use of fuels, particularly fossil fuels, is associated with a range of environmental harms and costs to 
society and governments. This section highlights how fuels are used in North Macedonia and the main 
environmental issues caused by their use. 

3.1. Use of fuels 
North Macedonia has a relatively energy-intensive economy and fossil-fuel dominated energy mix. It uses 
0.25 tons of oil equivalent 
(toe) per thousand dollars of 
GDP (USD 2010) compared to 
the global average of 0.17 and 
the European Union average 
of 0.09.iv  Coal and oil 
dominate the production and 
use of energy in North 
Macedonia, contributing over 
75% of its primary energy 
supply (Figure 1). The use of 
coal, primarily for electricity 
production, has been dropping 
in recent years, replaced in 
part by the use of imported 
natural gas.  

 

Electricity generation is dominated by coal and hydro, which represent more than 80% of the installed 
capacity and power generation in 2017 (Figure 2). The main entity in North Macedonia for electricity 
production is a state-owned company Elektrani na Severna Makedonija (ESM), owning and operating 
~70% of the total installed capacity. ESM is the owner of the two large coal fired thermal power plants, 
Bitola and Oslomej. 

 

 

 

 

Figure 1. Total Primary Energy Supply (ktoe) for North Macedonia in 
2012 and 2017  

 

Source: IEA Energy Statistics 2019 
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North Macedonia is relatively 
dependent on energy imports, 
with only 44% of energy 
consumed being produced 
locally, and the remaining 64% 
imported (with 6% exported and 
2% inventories). Petroleum fuels 
and natural gas are completely 
imported, while coal and 
fuelwood are almost solely 
domestically soured and one-
third of electricity is imported 
from neighboring countries, 
particularly from Bulgaria and 
Kosovo (Table 1). 

 

 

 

 

Table 1: Imports, exports and domestic production of main energy products 2018 (thousand toe) 

 Lignite Total 
petroleum 

fuels 

Natural gas Biomass 
(wood) 

Pellets, 
briquettes, 

wood 
residues 

Electricity 

Imports 4 1101 209 5 27.7 198 
Domestic 
production 

800 0 0 154 4.1 482 

Exports 0 116 0 0 0.4 32 

Source: State Statistical Office 

 

The transport sector is the greatest user of energy (38%), followed by households (25%), industry (22%), 
commercial and public (11%) and agriculture (1%). %). Table 2 shows how the fuels are used across sectors 
and Figure 3 illustrates the energy flows for key fuels and uses. This further emphasizes the large 
contribution of coal and petroleum products, particularly diesel, to energy use.  

Table 2: Use of main energy products by sectors, in 2018 (in %) 

 Lignite LPG Petrol Kerosene 
Diesel for 
vehicles 

Diesel for 
heating 

Heavy 
fuel oil 

Total use 100% 100% 100% 100% 100% 100% 100% 

Energy transformation 98% 0% 0% 0% 0% 0% 20% 

Industry 1% 14% 0% 0% 4% 33% 66% 

Transportation 0% 69% 100% 100% 91% 0% 0% 

Households 0% 8% 0% 0% 0% 8% 0% 

Agriculture 0% 0% 0% 0% 1% 1% 5% 

Other sectors (public mainly) 0% 8% 0% 0% 3% 57% 9% 

        

Figure 2. Electricity production fuel mix for North Macedonia, 2017  

 

Source: State Statistics Office and IEA Energy Statistics 
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 Petcoke 
Natural 

gas 
Biomass 
(wood) Pellets etc. 

Derived 
heat Electricity  

Total use 100% 100% 100% 100% 100% 100%  

Energy transformation 0% 79% 0% 0% 0% 0%  

Industry 100% 17% 1% 13% 1% 25%  

Transportation 0% 0% 0% 0% 0% 0%  

Households 0% 0% 96% 85% 73% 49%  

Agriculture 0% 0% 1% 0% 0% 1%  

Other sectors (public mainly) 0% 3% 2% 2% 26% 25%  
Source: State Statistical Office 

Figure 3. 2018 energy flows in North Macedonia 

 
Source: State Statistics Office  

 

Most of the energy consumed by households comes from electricity (53%) and biomass in the form of 
fuelwood (37%). Derived heat (district heating) is only operational in Skopje and is connected to around a 
quarter of households in the city.v  

3.2. Environmental consequences of fuel use 
The use of fuels – particularly fossil fuels – is associated with a range of environmental and social issues 
or adverse ‘externalities’. Adverse externalities occur when the actions (e.g. fuel combustion) of firms or 
individuals impose costs on others that the actors do not take into account in their decision-making. It is 
commonly regarded that the main externalities from fossil fuel use are the generation of greenhouse 
gases that contribute to global warming; air pollution from emissions of particulate matter, sulfur dioxide 
and oxides of nitrogen; and traffic congestion and road accidents from the use of transport fuels.vi   
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3.2.1. Greenhouse gas emissions  
According to North Macedonia’s Third National Communication to the UNFCCC, climate change impacts 
on temperature are already evident in the country, with conditions becoming hotter and drier. Climate 
change is also expected to increase the frequency and intensity of heatwaves, drought and flood events.  

It is forecast that there will be a continuous increase in temperature during the period 2025-2100. 
Synthesized results from several models predict average increases in air temperatures in North 
Macedonia to be 1.0°C by 2025, 1.9°C by 2050, 2.9°C by 2075, and 3.8°C by 2100.vii 

A decrease in annual precipitation is also predicted. Precipitation reductions are forecast for all four 
seasons, with the maximum decrease in summer. The average sum of precipitation is expected to 
decrease by 5% by 2050 and 13% by 2100.viii 

These climate change impacts have many flow-on effects for the economy and society.  

Agriculture, for example, covers almost 50% of North Macedonia’s surface area, contributes 
approximately 9% of the country’s GDP and provides employment to 14% of the workforce.ix Less than 
10% of agricultural land is irrigated and rural livelihoods are vulnerable to climatic factors, as annual crop 
water deficits can reach up to 450 mm in some eastern regions. Agriculture is expected to be exposed to 
prolonged heat waves, more severe droughts and floods, crop moisture deficits, especially during 
summer, increased exposure to new pests and diseases. In some regions, without adaptation measures, 
reduced yields of wheat of 21% between 2000 and 2025 and 25% between 2040 and 2050 and a reduction 
in maize of 56% in 2025 and 86% in 2050 are predicted.x 

The potential impacts of climate change highlight the need to both adapt to the changing climate and 
contribute to diminishing the severity of the impacts by reducing greenhouse gas emissions. All countries, 
particularly open economies like North Macedonia, will also need to consider how to take advantage of 
the changes to economic systems that are occurring as the world decarbonizes. As the European Union, 
for example – a critical trading partner – moves to more sustainable production systems, they will demand 
more environmentally friendly products and reduce demand for carbon-intense products, such as those 
using fossil fuels.  

The use and combustion of fuel generates over 70% of the greenhouse gas (GHG) emissions in North 
Macedonia (Figure 4). GHG emissions have declined slightly in recent years (Figure 5) due to the reduction 
in the use of coal for power generation and the growth in the use of natural gas for power and heating. 
Despite these promising gains, the continuing high use of coal and petroleum products means the energy 
mix remains relatively emissions intensive (Figure 5).  
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Figure 5. GHG emissions trends in North Macedonia 

  

  

Figure 4. Share of GHG emissions in North Macedonia by sector, 2016 

 
Source: CAIT database (accessed from www.climatewatchdata.com) 



 

 

15 
 

  

  
 Source: CAIT database sourced through climatewatchdata.com 

Transport emissions, in particular, have grown rapidly, doubling in size since 2005 and contributing 19% 
of the country’s emissions, the second largest source after electricity. North Macedonia’s transport sector 
is more emissions-intensive than other countries in the region and transport demand is likely to continue 
to grow.xi The high growth and high 
emissions intensity is due to increasing 
vehicle ownership and road transit, as 
well as the prevalence of old cars with 
low or no emissions controls and low 
availability of public transportation.  

The waste sector has also experienced 
consistent growth in emissions, 
contributing 12% of total GHG emissions.  

The carbon-intensity of the fuel mix in 
North Macedonia highlights the potential 
for reducing emissions (Figure 6). In the 
power sector, sharply declining costs of 
renewables and good solar irradiation 
indicates the capacity for significant low-
cost emissions reductions through increased deployment of renewable energy.xii In other countries, 
widespread use of mature technologies to capture emissions from landfill and waste treatment 
demonstrate the possibility of further low-cost emissions reductions in the waste sector. There is also 
strong potential in transport given the low level of fuel efficiency of the car fleet and the benefits that 
model shift could bring to a heavily road-based sector. 

3.2.2. Air pollution 
Over two thirds of air pollution in North Macedonia is from domestic sources, with around 30%, from 

transboundary contributions.xv Domestically, fuel combustion is the primary contributor, with all fuels 

Figure 6. Carbon intensity of energy supply, CO2/TPES, 
2017 

 
Source:  IEA Energy Statistics, 2019 

0

0.5

1

1.5

2

2.5

3

North
Macedonia

EU-28 Non-OECD EU
and Eurasia

World



 

 

16 
 

contributing to varying degrees. Indeed, people living in the Western Balkans and Eastern Europe are 
typically breathing more harmful air than their neighbors in Western Europe. The burning of solid fuels 
(firewood and coal) for domestic heating and cooking, wide use of coal-fired power plants, industry, and 
aging and increasing number of vehicle fleets are contributory factors to elevated concentrations of 
ambient air pollution (AAP). Several areas in North Macedonia suffer from poor air quality, particularly 
during winter, with concentrations significantly exceeding the global air quality guidelines established by 
the World Health Organization.  

Fossil fuel use results in both primary pollutants, emitted during fuel combustion, and secondary 
pollutants, formed subsequently from chemical transformations from primary pollutants in the 
atmosphere. Arguably the most important, in relation to human health effects, is fine particles or PM2.5 

(particulate matter with a diameter less than 2.5 micrometers) as they permeate the bloodstream and 
lungs. When combusted, fossil fuels can also emit sulfur dioxide (SO2) and nitrogen oxides (NOx) which 
react in the atmosphere to form PM2.5.  

Compared to other cities in Europe, cities in North Macedonia such as Tetovo, Skopje, and others have 

substantially higher ambient concentrations of air pollution (Figure 7). Continuous monitoring in selected 
North Macedonia’s cities found PM2.5 hourly concentrations of up 800 μg/m3, that is, more than 30 times 
higher than the 24-hour mean set by the WHO guidelines to protect human health.xiii 

 
The detrimental health effects of PM2.5 are well documented, and it is one of the world’s leading causes 
of illness and death, associated with increased risk of lung cancer, chronic obstructive pulmonary disease, 
heart disease (from reduced blood supply), and stroke.xiv  Increased exposure to air pollution and its 
associated health effects is also likely to increase the vulnerability of the affected population to the 
COVID19 pandemic.xv 

The World Bank completed a study of air pollution in North Macedonia in 2019.xvi It estimated that about 
1,600 people die prematurely every year as a result of exposure to AAP (PM2.5) in North Macedonia. The 
total health burden is about twice as high as the burden in neighboring Kosovo and about 80 percent of 
the total number of AAP-related deaths are from cardiovascular diseases. 

The World Bank study estimated the economic cost associated with mortality from exposure to air 
pollution in North Macedonia to be in the range of US$500–900 million annually, equivalent to 5.2–8.5 
percent of gross domestic product (GDP) in 2016. The economic cost associated with health damage from 
AAP in North Macedonia was estimated to be on average US$750 million, equivalent to 6.9 percent of 
GDP in 2016. This valuation only quantifies economic impacts from premature mortality associated with 

Figure 7. Comparison of ambient concentrations of PM2.5 in selected cities in North Macedonia and 
Europe 

 
Source:  WHO, 2018 https://maps.who.int/airpollution/ 

https://maps.who.int/airpollution/
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specific diseases. Other kinds of health impacts with associated costs, such as hospital stays, cost of illness, 
and lost workdays, were not valued. 

In 2015, total PM2.5 

emissions in North 
Macedonia are estimated to 
be about 21 kilotons, with 
residential combustion 
contributing 48 percent and 
power and heating plants 
contributing 26 percent 

(Figure 8). Coal is 
responsible for more than 
50 percent of the emissions 
of PM2.5 from power plants, 
industry and residential 
combustion; and biomass is 
responsible for the 
remaining residential PM2.5 emissions.  

To understand the exposure of the population to air pollution, the World Bank study combined model 
results of emission sources with population data. The resulting ‘source apportionment’ estimates indicate 
that household’s use of fuelwood is by far the largest contributor to population weighted PM2.5 exposure. 
This has important implications for the policy response, which are discussed in section 6.2.3. 

As for other air pollutants, the major part of NOx emissions (41 percent) and SO2 (90 percent) emissions 
comes from public electricity and heat production (mainly from coal), while the growing transport sector 
plus stationary combustion in manufacturing industries and construction contribute 31 percent and 20 
percent respectively. Public electricity and heat production are responsible for more than 90 percent of 
SO2 emissions and is also a dominant source of emissions of lead (38 percent), mercury (45 percent) and 
cadmium (49 percent).xvii 

The combustion of fuels is a major contributor to air pollution in North Macedonia, from both industry 
and households, although, like in other Western Balkans countries, the residential sector is the largest 
source of harmful PM2.5 emissions primarily due to the burning of fuelwood. Transport-based emissions 
are gaining in prominence and, in contrast to residential heating, represent a perennial environmental 
challenge. About half of the passenger cars and buses in North Macedonia belong to the high emission 
category (Euro 0) with no emission control technology. 

3.2.3. Other environmental damages from fuel use 
This paper focuses on two of the largest environmental issues associated with fuel use in North Macedonia 
– climate change and air pollution. The damages from these are also the most commonly priced into fuel 
use. The use of fuel, however, also results in a range of other environmental harms that adversely affect 
peoples’ welfare. Two major examples relate to the use of motor vehicles and have important effects on 
welfare and the economy – traffic congestion and road accidents. 

The mispricing of motor fuels, lack of availability of low-cost public transportation, and underfunding of 
transport infrastructure mean that overconsumption of private car transportation affects firms and 
households. For firms, congestion essentially shrinks business markets and increases production and 
distribution costs.xviii For households, congestion extends commuting times and adversely affects health 
(by increasing stress, higher blood pressure and lower physical activity). 

Figure 8.  Annual emissions of PM2.5 in North Macedonia in 2015  

 
Source: GAINS Model 2018. 
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Road accidents have numerous costs on society including medical expenses, legal and court costs, police 
and fire services costs, property damage, economic output losses, and grief and suffering imposed on 
victims, families, and friends. 

4. Existing Environmental Fuel Taxation 

4.1. Taxes affecting fuel use 
The main taxes on fuel use are excises, VAT and tariffs. Excises on fuels and vehicles contributed around 
6% of total government revenue in 2019 (Figure 9). In addition to the excise duties, energy and fuels are 
also taxed by VAT and tariffs.4 

4.1.1. Excise duties 
Most energy products are subject to excise duties with the notable exceptions of coal and natural gas. 
While these fuels are included in the Law on Excises, they are currently zero-rated. The excise rates are 
generally lower than the minimum rates prescribed by the Energy Taxation Directive of the EU (see Table 
3). The difference is particularly evident for diesel fuel, which provides most of the excise duty revenues. 
The national rate on unleaded petrol is almost equal to the EU minimum, while the national rate on diesel 
remains over 10% below the EU minimum. The national rate on diesel for heating (red diesel) is almost 
five times higher than the EU minimum rate.  

Table 3: Excise duty rates in North Macedonia and minimum rates in EU Energy Taxation Directive  

  North Macedonia 
EU Directive 

minimum 
Unit 

Leaded petrol 0.390 0.421 € per litre 

Unleaded petrol 0.347 0.359 € per litre 

Diesel as a motor fuel 0.290 0.330 € per litre 

Diesel for heating 0.101 0.021 € per litre 

Liquefied petroleum gas  0.078 0.125 € per kg 

 
4 Data was unavailable on the amount of VAT and tariff revenue from fuels. 

Figure 9.  Source of Government Revenues in North Macedonia in 2019 (percent of revenue) 

 
Source: Ministry of Finance 
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Kerosene as a motor fuel 0.176 0.33 € per litre 

Kerosene for heating 0.035 0 € per litre 

Heavy fuel oil 0.002 0.015 € per kg 

Petroleum coke 1.354 NA € per Gj 

Natural gas as a motor fuel 0 2.6 € per GJ 

Natural gas for commercial and industrial use 0 0.3 € per GJ 

Natural Gas for heating & elect. (business) 0 0.15 € per GJ 

Natural Gas for heating & elect. (non-business) 0 0.3 € per GJ 

Coal and Coke (for business) 0 0.15 € per GJ 

Coal and Coke (for non-business) 0 0.3 € per GJ 

Electricity (for business) 0 0.5 € per MWh 

Electricity (for non-business) 0 1 € per MWh 

Source: North Macedonia  Customs Administrationxix and European Commissionxx 

The excise rates in North Macedonia are also generally lower than other countries in the region (Table 4). 
In accordance with the Law on Environment, North Macedonia also applies a nominal environmental tax, 
which is set at 0.08 MKD (~€0.0013) per litre for petrol and 0.03 MKD (~€0.00049) per litre for diesel. 

Diesel contributes the vast majority of revenue from fuel-related excise duties (Figure 10). Total public 
revenues from excise duties on fuels was almost €300 million in 2019.  

Figure 10. Composition of excise revenues from fuels in North Macedonia in 2019  

 
Source:  Authors’ calculations, Ministry of Finance. 
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Table 4: Excise duty rates in North Macedonia and neighboring countries.  

  
North 

Macedonia 
Albania Kosovo Montenegro 

Bosnia & 
Herzegovina 

Serbia Georgia Bulgaria Romania Greece 

Gasoline 
(per lit) 

0.390 0.514 0.360 0.460 0.381 0.369 0.315 0.363 0.373 0.700 

Diesel 
(per lit) 

0.290 0.514 0.360 0.350 0.355 0.252 0.197 0.330 0.342 0.410 

LPG 
(per lit) 

0.078 0.064 0.150 0.124 0.203 0.126 0.158 0.174 0.136 0.430 

Kerosene 
(per lit) 

0.176 0.160 0.150 0.156 0.152 0.126 0.158 0.330 0.476 0.410 

Fuel oil 
(per lit) 

0.035 0.030 0.025 0.020 0.023 0.027 0.020 0.020 0.016 0.038 

Heating oil 
(per lit) 

0.002 0.297 0.150 0.120 0.228 0.252 0.158 0.330 0.342 0.410 

Nat. Gas 
(per m3) 

0.000 0.000 0.000 0.000 0.000 0.000 0.079 0.023 0.146 0.079 

Coal 
(per kg oe) 

- - - - - - - 0.013 0.013 0.013 

Electricity 
(per MWh) 

- - - - - - - 1.000 1.000 1.000 

Source: Adapted from Energy Community 2021. A carbon pricing design for the Energy Community Final Report. 



 

 

 

The lower excise rate for diesel compared to petrol is one of the contributing factors to the rapid growth 
in diesel use, which has expanded 2.5 times since 2010 (Figure 11). in 2019, over 70% of imported cars 
are diesel-engine cars. 

Figure 11. Consumption of main fuels in North Macedonia 2010-2019  

  

  

  
Source: Ministry of Finance  

4.1.2. Motor vehicle taxes 
Until 2020, motor vehicles were also taxed by excise duties, but starting from 2020, they are subject to a 
new tax on motor vehicles. The new tax also taxes vehicles on their first sale, but the formula for the tax 
is different - the old excise duty was based on the value of the vehicle, the new tax is based on both the 
value and the CO2 emissions of the vehicle.  

More precisely, the old excise duty on motor vehicles was a progressive function of the value of the vehicle 
(Table 5). 
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Table 5: Old excise duty rates on motor vehicles 

Value of motor vehicle 
(euros) 

Excise duty 
rate 

From To   

0 3000 0.0% 

3000 4000 0.5% 

4000 5000 1.0% 

5000 6000 1.5% 

6000 8500 2.0% 

8500 10000 3.0% 

10000 12000 3.0% 

12000 14000 4.0% 

14000 16000 6.0% 

16000 18000 9.0% 

18000 20000 11.5% 

20000 22000 11.5% 

22000 25000 13.5% 

25000 30000 15.5% 

30000 -  18.0% 

Source: Ministry of Finance  

The new motor vehicles tax is a function of the value of the vehicle, as well as the amount of the CO2 
that the vehicle emits: 

Motor Vehicle Tax = Value of Vehicle * Rate + CO2 Emission of Vehicle * Coefficient 

Where the Rate is shown in Table 6, and the Coefficient is shown in Table 7. 

 
Table 6: Rate based on vehicle value 

Value of motor vehicle 
(euros) Rate 

From To   

0 10000 0% 

10000 12000 1% 

12000 14000 2% 

14000 16000 4% 

16000 18000 6% 

18000 20000 8% 

20000 23000 10% 

23000 26000 12% 

26000 29000 14% 

29000 32000 16% 

32000 35000 17% 

35000 40000 18% 

40000 50000 19% 

50000 - 20% 

Source: Customs Administration of North Macedonia 

Table 7: CO2 coefficient 
CO2 emission of the vehicle 

(grams/km) 
Coefficient (denars/grams 

CO2) 

From  To 
Petrol, LPG, 
natural gas Diesel 

0 0 0 0 

1 50 5 10 

51 75 10 20 

76 90 20 40 

91 100 30 60 

101 110 40 80 

111 130 50 100 

131 140 70 130 

141 150 100 160 

151 170 130 190 

171 190 160 220 

191 225 190 250 

226 255 220 280 

256 - 250 320 

Source: Customs Administration of North Macedonia



 

 

The CO2 coefficients increased in 2021 by 25% and will increase in 2022 by 50%.  

Owners of motor vehicles pay an annual vehicle registration fee. For passenger motor vehicles, the fee is 

based on the maximum motor power (in kW) and ranges from 70 denars (€1.15) to 210 denars (€3.25). 

Electric passenger cars are exempted from the fee. The revenues collected from this fee are earmarked 

for the Ministry of Environment and Physical Planning and are to be used for financing environmental 

projects. 

At the time of the annual vehicle registration, owners of motor vehicles also pay a “road tax” charge for 

use of public roads. The amount of the fee depends on the type of vehicle (passenger car, motorcycle, 

bus, truck) and engine size, with larger fees for vehicles with larger engines.  

Road tolls are also collected on some highways with the fee depending on the section of highway and the 

type of vehicle. Toll revenue has corresponded to about 0.5% of GDP in recent years.xxi Revenue collected 

from tolls and road taxes contribute to the construction and maintenance of roads. 

4.1.3. Value Added Tax 
In terms of Value Added Tax (VAT), the general treatment of energy products is that they are taxed with 
the standard rate of 18%, as is common in neighboring countries. Several goods and services related to 
energy, though, have a reduced VAT rate of 5%, including: 

- Agricultural mechanization;  
- Thermal solar systems and components;  
- Pellets, pellet stoves and pellet boilers;  
- Derived heat;  
- Transport of passengers and their accompanying luggage. 

Of these five, just the transport of passengers and their luggage is listed in the EU VAT Directive as a 
service to which the reduced rate may be applied. Agricultural mechanization, thermal solar systems and 
pellets are not listed as eligible for the reduced rate, while for derived heat, the Directive states that 
member states may apply a reduced rate to it, but only if no risk of distortion of competition exists, and 
only after the European Commission approves.  

4.1.4. Tariffs 
Tariffs apply to imports from countries with which North Macedonia does not have a free-trade 
agreement5. The tariffs on key fuels and the proportion of imports that attract tariffs are depicted in 
Table 8. 

Table 8: Imports of fuel products and tariff rates 2019 

Fuel product Tariff Value of imports 
(Euro million) 

Proportion of imports to 
which tariffs apply 

Diesel 0% 502 3% 
Petrol 20% 70 0% 
Coal, lignite and coke 0% 24 91% 
Natural gas 2% 71 97% 
Petroleum coke 0% 27 33% 
Peat 5% 2 0% 

Source: World Integrated Trade Solutions and World Bank calculations 

There is currently no tariff on diesel, while petrol carries a 20% tariff. While only 3% of imported diesel 
comes from non-free trade countries, the difference in tariffs exacerbates the different treatment under 

 
5 Trade with the European Union does not attract tariffs. 
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the excise system. If the tariff was increased to the rate on petrol (20%), €2.8 million in additional revenues 
could be raised per year.  

While most of the imported coal and gas comes from countries with which there is no free trade 
agreement, there is no tariff on coal but a 2% tariff on natural gas.  

Both electric/hybrid vehicles and petrol/diesel vehicles attract the same tariff of 5%. Similarly, there is no 
difference in the treatment of electric and combustion engine motorcycles/scooters, both have a 15% 
tariff. 

Other energy products have zero tariffs - electricity, solаr collectors, wood pellets and other similar 
residue. 

4.2. Subsidies and related measures 

The government provides several types of subsidies related to energy.  

The North Macedonia Government subsidizes fossil fuels through providing public finance support to the 
state-owned  vertically integrated power company, ESM through state loan guarantees.xxii However, the 
annual  amount of support to coal powered electricity is declining—from €4.38 million in 2015 to €1.64 
million in 2019, representing a subsidy of around €0.64 per MWh, on average over the period. Overall 
subsidies targeted specifically to fossil fuels are limited and generally lower than neighboring countries 
and parties to the Energy Community. 

The Ministry of Labour and Social Policy gives subsidies for consumption of energy to household 
recipients of the guaranteed minimum income scheme (the main social benefits scheme in the country). 
The subsidy amounts to 1000 denars per month per household (€16) and is eligible for the 6 months 
between October-March (when temperatures are lower). The subsidy is not conditional on using any 
specific type of energy. In the first three months of 2020, the average monthly number of households that 
received this subsidy was 26,724, implying that the average monthly amount of total energy subsidy paid 
was 26,724,000 denars (€434,537), equal to €2.6 million per year 

The Ministry of Environment and Physical Planning announced that it will start giving subsidies for air-
sourced heat pumps. Details of the program are not officially published, but the announcement was that 
the measure will cover 10,000 households, who currently use solid or fossil fuels for heating, from areas 
that are not covered by central heating with derived heat. The amount of subsidy will be 1000 euros per 
household, and only households with income below 30,000 denars per month (€500, which is close to the 
average income in the country) will be eligible. 

The Ministry of Agriculture, Forestry and Water Economy provided subsidies for diesel fuel for 
agricultural purposes. The measure covered 50% of the costs of fuel for agriculture, and the maximum 
amount per household was 100,000 denars (€1600). The total amount of funds available for the measure 
was 250 million denars (€4 million) and approximately 55,000 households were covered. However, the 
measure was temporarily discontinued due to lack of user transparency. 

The Ministry of Economy manages four subsidy programs, amounting to €840,000 in 2021 budget, 
supporting household energy efficiency:  

1. Subsidies for pellet stoves. Up to 25,000 denars (€400) per household are given, and the total 
amount of funds available for the program is 14 million denars (€230,000). The state will 
reimburse 50% of the costs, and 70% for low-income households. 

2. Subsidies for solar thermal collectors. Up to 30% of the costs of collectors are covered (70% for 
low-income households), not more than 15,000 denars (€250) per household. The total amount 
of money available for the program is 8 million denars (€130,000), and they are allocated on a 
first-come-first-serve basis. 
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3. Subsidies for PVC or aluminium windows. Up to 50% of the costs are covered (70% for low-
income households), up to 25,000 denars (€400) per household. The total amount of money 
available for the program is 22 million denars (€360,000), and they are allocated on a first-come-
first-serve basis.  

4. Subsidies for prosumers6. About €130,000 in subsidies for prosumers has been allocated in 2021 
budget. In the case of prosumers, the state will reimburse up to 30% of the costs of the purchase 
and installation of photovoltaic (PV) systems, with a capacity of up to 4 kW, for the production of 
electricity for self-consumption. Individual subsidies are capped at about €1,000 per household. 

Table 9: Subsidies for energy efficiency in North Macedonia in 2019 

 

HHs 
applied 

HHs 
awarded 

Total 
subsidies 

Savings of 
primary 
energy 

Price of saved 
MWh of primary 
energy over the 

life span 

Lowered 
CO2 

emissions 
Life 

span 

   (EUR) (MWh) (EUR/MWh) (t/year) (years) 

Solar thermal 
collectors 1306 763 97,560 3,358 6 897 15 

Windows 2471 1503 486,421 575 54 83 30 

Pellet stoves 1863 932 226,996 10,350 4 2,950 15 

Total   810,977 14,283  3,930  
Source: Ministry of Economy 

Analysis undertaken by the Ministry of Economy indicates that the pellet stove program is the most cost-
effective compared to the solar thermal collector and window replacement programs (Table 9). 

The Ministry of Economy also provides subsidies related to vehicles: 

1. Subsidies for installing engines on LPG, methane or other alternative fuels. This program covers 
up to 50% of the costs for the installation, up to 18,000 denars per receiver (€300). In 2019, 15 
million denars have been allocated for the program (€250,000), and they are disbursed on a first-
come-first-serve basis.  

2. Subsidies for buying vehicles with electrical or hybrid engines. This program was introduced in 
2019, with the amendments to the Law on Motor Vehicles, but the details of the program – to be 
set out in secondary legislation – have not been officially announced. Certain earlier statements 
were that the Ministry will give €5000 for purchasing electrical vehicles, and €3000 for hybrid 
vehicles, covering in total 200 vehicles. There are currently 415,000 passenger motor vehicles in 
North Macedonia. 

3. Subsidies for replacing old vehicles for new. This program was also introduced in 2019, with the 
amendments to the Law on Motor Vehicles, but the details of the program – to be set out in 
secondary legislation – have not been officially announced. Previous statements were that the 
Ministry will subsidize €2000-3000 per vehicle and that 200-500 vehicles will be covered. About 
86% of passenger cars (~360,000) are more than 10 years old.xxiii 

The North Macedonia Government’s energy law also includes measures to support renewable electricity 
generation, through feed-in-tariffs. In 2017 the feed-in-tariff incentive paid to eligible producers was 
almost €36 million.xxiv Figure 12 summarizes the proportion the feed-in-tariff incentive provided to specific 

 
6 In this context, the term “prosumers” refers to energy consumers who also produce energy. This is becoming 
more prevalent in the electricity market as consumers install rooftop solar systems (and other distributed systems) 
that generate more power than can be consumed by the household. Extra power generated can be supplied back 
into the electricity network and consumed by other households. 
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renewable energy technologies. The Government’s 2018 Energy Law also introduced renewable energy 
“premiums” to operate alongside existing Feed-in-Tariffs.xxv Premiums will be available to a subset of 
renewable energy produces through competitive auctions, with a focus on wind and photovoltaic 
electricity (i.e. hydropower and biomass/biogas are not eligible). New auction-based premiums for RE 
sources attracted electricity capacity from renewables on state land.7 In January 2020 the Government 
signed 11 agreements with 9 investors for 35 MW of installed capacity investing about €25 million. In May 
2020 the government also signed contracts with 23 investors for the right to use the premium for 
construction of 21 MW photovoltaics on privately owned land. 

4.3. Related instruments 

North Macedonia does not apply air pollution charges that have the measured or estimated emissions of 
polluting substances as the tax base. Rather, emissions of industrial facilities are regulated through a 
permit system that specify the emission limits in terms of concentrations of polluting substances. The 

annual permit fee includes a flat charge per type of pollutant, which ranges from 4,000 denars (€64) for 

dust to 9,000 denars (€144), e.g., for asbestos and heavy metals.xxvi This basic charge rate is subject to a 
penalty in the case that the company has exceeded the emissions limit during the past year. 

North Macedonia’s environmental law (Article 185-a) includes a charge on electricity production from 
fossil fuels. However, the charge is small (0.007 MKD per kWh) and is not directly linked to emissions and 
therefore does not incentivize generators to reduce emissions, such as through fuel substitution (e.g., 
from coal to natural gas). The funds collected through this charge are directed towards financing programs 
and activities to reduce the environmental impacts from the energy sector.xxvii 

 
7 In the first auctions conducted, several bidders offered funds to obtain the state land, which resulted in €2.7 million of revenue 
for the Government (data provided by USAID). 

Figure 12. Proportion of feed-in-tariff incentive paid to each eligible renewable energy technologies 
in 2017 

 
Source: Ministry of Economy, 2019xxiv  
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5. Future direction of Environmental taxation 

Across jurisdictions, tax rates, particularly excise rates, are an artifact of historical circumstances and are 
rarely updated with the frequency required to keep pace with regulatory frameworks, markets and 
technology.  There is a growing effort from many jurisdictions, including the EU, to modernize the taxation 
of energy products and to ensure that the frameworks are fit-for-purpose to achieve environmental and 
social objectives, in addition to traditional economic objectives. The following sections highlight the 
importance of getting prices right by factoring in environmental damage, the impacts of such reform and 
the trajectory of the EU to reform its regulatory and tax frameworks.   

5.1. Getting prices right  

One of the most fundamental challenges to reducing pollution8 is the failure of markets to include the 
cost of pollution into the cost of producing the products that cause the pollution. Firms that pollute can 
often externalize the costs of that pollution onto wider society. As prices are not properly reflective of the 
costs, resources are misallocated across the economy, undermining efficiency and wellbeing.  If firms do 
not face the costs of pollution, there is limited incentive for them to invest in reducing it.  

This market failure can be addressed by placing a price on pollution through the tax system.  By doing so, 
firms have an economic incentive to reduce environmental damages. Such ‘corrective pricing’ should aim 
to factor in environmental damages, such as climate change and air pollution, while removing subsidies 
that artificially reduce the price of polluting products, such as fossil fuel subsidies. The next section 
outlines why the tax system is particularly effective at pricing pollution and encouraging pollution 
reduction at least-cost.  

5.2. Using fiscal instruments to address environmental issues 

Generally, a portfolio of policies is required to address the various barriers to action that may exist. Fiscal 
instruments play a crucial role in the policy mix, ensuring the existence of incentives to address the 
environmental externalities from the production and use of energy and have a number of advantages 
over other forms of environmental regulation:xxviii 

1. Market efficiency.  Efficient markets require that prices reflect all costs of a good or service, 
including costs imposed on third parties. There is broad agreement on the need for government 
intervention to address such negative externalities. Promoting market efficiency does not seek to 
stop the polluting activities but rather to internalize the marginal external costs of those activities. 
As a result, the activity will continue only at the level that is socially desirable, helping to achieve 
allocative efficiency. 

2. Environmental effectiveness: pricing pollution incentivizes businesses to exploit all available 
opportunities to reduce emissions from their operations. This includes opportunities not known 
or understood by governments. Alternative policy options, such as command-and-control 
regulation, generally focus on a more limited set of opportunities, as they are often pre-
determined by government.  

3. Least cost to the economy: Businesses will seek to minimize the costs associated with their 
pollution by investing in the most cost-effective emissions reduction solutions. Pricing 
instruments establish a price on pollution and allow the market to identify and implement the 
least cost solutions across the economy. Regulatory approaches, on the other hand, will generally 

 
8 In this paper, ‘pollution’ is used to refer to both GHG emissions and local air pollutants. 
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require all firms to achieve the same minimum standards, irrespective of each firm’s ability (and 
associated cost) to achieve (or overachieve) that standard.  

4. Ease of implementation.  Pollution pricing9 can be implemented simply through adjusting the 
existing excise system, or through placing the tax on the few entry points of fuel into the economy. 

5. Raise revenue. Environmental taxes are a particularly efficient means for governments to raise 
revenue. Environmental taxes have a lower marginal cost of public funds than traditional taxes on 
labor and capital as they have a less distortionary effect on the economy.xxix Thus, the impact on 
GDP of raising revenue can be reduced by using environmental taxes. In addition, environmental 
taxes can be placed on a few large upstream points of regulation, which covers all downstream 
uses, including the informal sector. This makes environmental taxes difficult to evade. Direct taxes 
(which tend to be the default revenue source in many countries) on the other hand need to be 
collected from a vast number of individuals and struggle in covering the informal sector of 
economies. More closely aligning the taxes on the formal and informal sectors reduces the 
incentive to be part of the informal sector, with positive impacts on output.  

Pollution pricing is typically implemented through the tax system (including using existing taxes such as 

excise duties) or through an emissions trading system (ETS). A tax on emissions would set the value per 

ton of emissions and allow the quantity to vary. ETSs set the quantity of emissions and allow the value 

(price) to vary. Examples of emissions trading systems include the EU ETS for greenhouse gases and the 

US ETS for sulfur dioxide emissions to address acid rain. The use of pollution pricing is growing globally. 

For greenhouse gases, there are currently 64 explicit pricing initiatives implemented, covering 22 per cent 

of the world’s greenhouse gases (Figure 13). The number of initiatives and coverage of global greenhouse 

gas emissions increased significantly over the last ten years (Figure 14).

 
9 The term ‘pollution pricing’ is used to refer to pricing that reflects both greenhouse gas content and/or an 
estimate of downstream air pollution as a result of fuel combustion. 



 

 

Figure 13. Map of regional, national and subnational carbon pricing initiatives implemented, scheduled for implementation and under consideration (ETS 
and carbon tax) 

 

 Source: World Bank, 2021, State and Trends of Carbon Pricing 2021, Washington DC 



 

 

Figure 14. Share of global emissions covered by a carbon tax or ETS 

 

 Source: World Bank, 2021, State and Trends of Carbon Pricing 2021, Washington DC  



 

 

5.3. EU direction on environmental taxation 

Getting fuel prices right is growing in importance internationally as countries look to address 
environmental impacts while promoting economic prosperity. This is particularly the case in the EU, where 
pricing pollution for environmental, social and economic benefits underpins the European Commission’s 
Green Deal, released in December 2019.xxx The Green Deal is “a roadmap to transform the EU into a 
modern, resource-efficient and competitive economy”.xxxi It reflects the Commission’s commitment to 
addressing climate change and other major environmental challenges. 

The Commission’s Green Deal message is clear—all EU actions and policies will have to contribute to the 
Green Deal’s objectives and all sectors need to play their part. In this regard, the Commission highlights 
the need to re-think existing policies to ensure they are aligned with the new priorities.10 In particular, the 
Green Deal highlights the need for well-designed tax reform, emphasizing the importance of sending the 
right price signal and providing the right incentives. In this regard, the Green Deal, and linked Commission 
proposals, provides the following insights on the future direction for specific taxes and sectors: 

• A revised Energy Taxation Directive would align energy taxation with related policies such as the 
EU ETS and would likely include new elements to ensure energy products are taxed in line with 
their energy content and GHG emissions.xxxi This would mean, for example, lower emissions 
intensive fuels like natural gas, can be taxed more favorably than highly emissions intensive fuels, 
like coal (Box 1). The Energy Community is investigating alignment of carbon pricing systems with 
those of the EU to foster a level playing field in the context of regional and pan-European market 
integration. 

• The EU ETS will continue to be central to achieving the EU’s emissions reduction target. The review 
and refinements, planned to be completed by June 2021, will investigate ways to better use the 
EU ETS, including investigating the potential to broaden coverage to new sectors (e.g. transport), 
and re-thinking how allowances and revenue are distributed (Box 2). 

• Proposed Value Added Tax (VAT) amendments would improve flexibility but energy related goods 
and intensive goods such as fuels, passenger vehicles and precious metals would not be eligible 
for reduced VAT rates.11 (Box 3) 

• The EU is designing a Carbon Border Adjustment (CBA) mechanism which would increase the 
price of certain emissions-intensive imports to the EU, where the exporter has a lower carbon 
cost than those for comparable goods covered by the EU ETS.xxxii The purpose of a CBA mechanism 
is to ensure that the price of imports into the EU reflect their carbon content in order to reduce 
the risk of industrial production shifting to countries with less stringent climate regulation outside 
the EU, known as “carbon leakage”.  

• Policies must reflect the environmental impact of products and services. For example, the Green 
Deal specifically highlights the need for the price of transport to reflect the impact it has on the 
environment and health. The Green Deal also proposes to strengthen existing air quality 
legislation to better align it with WHO recommendations and to make sure industrial pollution 
reduction polices are consistent with climate and energy policies.12 

 
10 The Green Deal will be rolled-out through regulatory framework at both the EU and Member State level. As a 
starting point, the Commission intends to legislate the EU’s 2050 climate neutral objective in law.  
11 These products have a standard minimum VAT rate of 15%. 
12 To help reduce local pollutant emissions to zero, in 2021 the Commission will adopt a ‘Zero pollution action plan’ 
for air, water and soil. This plan is intended to ensure the EU and Member States systematically review all policies 
and regulations to achieve an aspirational goal of zero pollution. For air quality, the EU green deal promotes 
alignment of standards with WHO recommendations, which does not necessarily mean zero pollution.  
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Box 1: Revising the Energy Taxation Directive (ETD) 

The Green Deal announces proposed revisions to the ETD13, building on its published evaluation of the ETD in 
September 2019.xxxiii The proposed revisions will focus on two main objectives: 

1. Aligning energy taxation with related policies, particularly the EU ETS, the Renewables Directive, and the 
Energy Efficiency Directive. Reform would ensure that emissions reductions and energy efficiency are 
adequately promoted and that it provides adequate incentives to invest in clean technologies. 

2. Updating and future-proofing the scope and structure of the ETD rates and rationalizing the use of 
exemptions. Without an indexation mechanism, the Commission is concerned that the minimum tax rates 
are no longer relevant, leading to a non-uniform and inefficient internal market.  

Options to address these issues include revising minimum excise rates to account for inflation, energy content 
and GHG emission; re-considering sectoral tax differentiation (e.g. motor fuel vs heating fuel); and reducing tax 
exemptions14 that effectively act as fossil fuel subsidies.xxxi 

 

Box 2: Background on the European Union Emissions Trading System (EU ETS) 

The EU introduced an Emissions Trading System (ETS) in 2005 to help meet EU-wide GHG mitigation targets 
cost-effectively. The EU ETS introduces a common carbon price signal across member country states (all EU 
countries plus Iceland, Liechtenstein and Norway). The EU ETS covers around 45% of the EU’s GHG emissions 
and applies to large installations in the power and manufacturing sectors. It is the largest ETS in operation and 
has gone through several reforms since its introduction. Most recently, the EU ETS linked to the Swiss ETS, 
effective January 2020—expanding its coverage and applicability. Installations covered by the EU ETS are 
responsible for surrendering carbon units (‘allowances’) equal to the amount of emissions in a calendar year. 
Allowances are generally purchased via auction. Allowance prices vary according to market factors (e.g. demand 
and carbon unit availability) but prices in early 2020 were around €20.xxxiv Carbon prices paid by liable entities 
are generally passed on through the supply chain to end users. Liable installations are also required to pay all 
excise and taxes on fuels and other inputs in addition to any carbon price liabilities. In 2019, over €14.6 billion 
in EU ETS revenue from allowance auctioning was raised across member states. 

Source: International Carbon Action Partnershipxxxv 

 

Box 3: Amending the Value Added Tax (VAT) framework 

The Green Deal promotes the adoption of the VAT rates proposed by the Commission in January 2018. The 
Commission’s 2018 proposed adjustments are intended to give Member States greater flexibility in how they 
can set VAT rates.xxxvi Currently the EU VAT rules only provide member Country with limited and non-uniform 
access to a reduced rate and access requires Commission approval.  The Commission suggests that these rules 
are too restrictive and distort competition. The proposed rules would create a more standardized framework 
and would give all Member Countries with additional reduced rate options.xxxvii Under the proposal, the list of 
goods and services eligible for a reduced rate would be revised. Certain products, including fuel, passenger 
vehicles, and precious metals, would not be eligible for the reduced VAT rates. While Member States would 
have increased flexibility on setting individual VAT rates, the weighted average of all VAT rates must be at least 
12%. 

The EU Direction on environmental taxation is particularly relevant for North Macedonia, noting that over 

80% of export value goes to the EU (and over 60% of imports are from the EU).xxxviii In acknowledging this, 

 
13 The ETD sets out the rules for taxing energy products used in transport and residential heating fuels, as well as 
electricity. 
14 Currently Member States apply highly divergent rates and offer a range of tax exemptions. These exemptions 
increase market fragmentation and distort EU markets.  
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and as a step towards accession, North Macedonia, along with other Western Balkan Contracting Parties, 

signed the Sofia Declaration on the Green Agenda for the Western Balkans in November 2020, which sets 

out an agreement to align with EU environmental policies.xxxix Among other things, the declaration 

outlines a commitment to introduce carbon pricing in alignment with the EU ETS, phase out subsidies to 

coal, and promote uptake of renewable energy.  The Energy Community Secretariat commissioned 

analysis that recommends Contracting Parties gradually implement carbon pricing through a cap and 

trade ETS in the power and heating sectors.xl 

5.4. Environmental taxation in the context of COVID-19 

As well as seriously impacting the health of populations, COVID-19 presents major economic challenges, 

including reduced growth, increased unemployment and poverty, and declining government revenue.   

The initial focus of the response to COVID-19 is on the public health emergency, maintaining liquidity for 

households and businesses, and humanitarian support for the worst affected. Following this, attention 

turns to economic stimulus and recovery. The quality, content and strength of the stimulus packages will 

determine both economic and environmental outcomes for decades to come.  

Environmental tax reform presents opportunities to support a resilient and sustained economic recovery 

from the COVID-19 crisis: 

• Green jobs: Recovery packages need to deliver short-term stimulus for jobs and demand, while 

establishing the conditions for durable long-term prosperity. Such efforts require investments 

that have high short- and long-term jobs multipliers, and support industries that have sustainable 

long-term growth prospects. Global estimates show the high job creation potential of renewable 

energy and energy efficiency: while US$1 million spending in fossil fuels would create 2.7 full-

time equivalent jobs (FTE), that same spending would create 7.5 FTE jobs in renewable energy 

and 7.7 FTE jobs in energy efficiency. Thus each $1 million shifted from brown to green energy 

would create a net increase of five jobs.xli This is especially relevant for countries like North 

Macedonia, which has consistently high unemployment. Globally, one estimate is that the wind 

and solar sectors can create 52 million jobs over the next decade, far exceeding the estimated 27 

million jobs lost in the transition out of the fossil fuel industry during the same period.xlii In 

parallel, the energy efficiency industry can respond quickly to new incentives, scale up readily 

available technologies, and create substantial savings and earnings for households and 

businesses.xliii Pricing pollution provides the necessary incentives to encourage investment in 

these high-growth green job industries. 

• Green investment and economic resilience: The need for significant domestic and international 

investment presents an opportunity to build the foundations for long term, sustainable economic 

prosperity. Pollution pricing can help direct investments towards low-emissions technologies and 

mobilize much needed revenue. By ensuring fuel prices capture both supply and environmental 

costs, pollution pricing reduces the risks of locking-in carbon intensive capital. Such lock-in can 

be very costly to reverse later. It also increases the risk of stranded assets and misses an 

opportunity to realize the full benefits of sustainable growth. Pollution pricing can raise badly 

needed revenue and contribute to the sustainable macro-fiscal frameworks needed for funding 

social assistance and post-crisis recovery programs. Historic declines in energy commodity prices 

and remittances during 2019 and 2020,  and unprecedented reversals in capital flows have fueled 

a loss of confidence and exacerbated vulnerability to other potential shocks. It is important for 
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the recovery to make society less vulnerable to future public health, environment and climate 

risks. Pricing in such risks will direct financial capital and political focus towards a more resilient 

economy. 

• Increased revenue: The economic downturn presented by COVID-19 reduced government 

revenue at the time they are most needed for expansionary fiscal policy. Tax revenue to GDP 

ratio in North Macedonia has been among the lowest in the Western Balkan and much lower 

when compared to EU peers. Pollution pricing presents an opportunity to regain lost revenue and 

strengthen fiscal frameworks to support consolidation process and investment needed for a 

strong recovery. This is particularly relevant in the context of falling fossil fuel prices. Futures 

prices indicate that oil prices may remain low for several years. This would allow the government 

to capture some of the benefits of low prices as revenue, while reducing the impact of reform on 

households and businesses.  

6. Environmental taxation in North Macedonia 

The previous sections describe how the world, and the EU in particular, are increasingly moving towards 

pricing the damages caused by the production and use of fossil fuels to reduce emissions, stimulate 

investment in new sectors and improve the efficiency of revenue-raising for governments. This section 

expands on this to provide a high-level pathway for North Macedonia to move towards a framework that 

improves environmental and economic outcomes by better reflecting externalities. 

6.1. Pricing pollution15 

North Macedonia has historically had access to relatively low-cost fossil fuels. While access to low-cost 

energy has advantages, there are also environmental consequences. While there has been progress on 

pricing externalities (e.g., an environmental tax is included in the Law on the Environment, and ESM has 

committed to including an internal carbon price on all investment decisionsxliv), there is a need to improve 

how an explicit carbon price is implemented. In particular, existing pricing frameworks, including taxes, 

do not adequately reflect the relative costs of environmental damages caused by the production and use 

of fossil fuels. In recognition of the value in using fiscal instruments to achieve economic, social and 

environmental outcomes, the Government’s Tax System Reform Strategy (2021-2025) includes the 

objective of introducing environmental taxation as one of its five priority areas for reform. Introducing a 

price on fuels that reflects GHG emissions aligns with the objectives of this priority area.  

In line with the rationale outlined in section 5.1, pricing pollution would provide a number of benefits to 

North Macedonia. 

• Raise revenue efficiently. Additional revenue could be used to address environmental and social 
issues, and ease the impact of reform (see Box 7).  

• Reduce GHG and air pollution emissions, which would help achieve North Macedonia’s current 
and future NDCs under the Paris Agreement, and contribute to improving air quality. 

• Stimulate investment and growth in new sectors. A price signal would encourage investment and 
technological innovation towards more efficient and low-polluting technologies and practices and 
stimulate growth in new sectors, such as renewable energy.  

 
15 The term ‘pollution pricing’ is used to refer to pricing that reflects both greenhouse gas and/or air pollution 
content. 
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By providing a financial incentive to promote energy efficiency and increase the contribution of renewable 

energy sources, pricing pollution also helps promote North Macedonia’s long-term energy security. This 

is particularly important noting North Macedonia’s historical reliance on energy imports and the depletion 

of domestic coal supplies, which underpin the majority of domestically produced power—coal resources 

for the Bitola power station are nearing depletion and the Oslomej power station operates at limited 

capacity due to depleted supplies from the adjacent Oslomej mine.xlv The long term viability of both Bitola 

and Oslomej power stations is doubtful, with the enhanced NDC anticipating the decommissioning of both 

by the end of the decade. A price on GHG emissions can help manage the transition by providing a market 

signal, incentivizing early and a higher adoption low emission power generation options. 

Policy Finding 1 aligns with UNECE’s Recommendation 3.1 in its third Environmental Performance Review 

for North Macedonia, which recommended the inclusion of financial incentives to complement the 

existing regulatory framework, noting that North Macedonia does not apply charges based on measured 

or estimated emissions.xlvi   

6.1.1. Excise duties 
As highlighted in section 5.2, pollution pricing is typically implemented through a tax or an ETS, such as 

the EU ETS (see Box 2). Both a tax and an ETS are effective tools to achieve environmental outcomes at 

least cost. One option for implementing pollution pricing is through leveraging the existing tax system to 

ensure that fossil fuel prices reflect their relative environmental damage. This implementation approach 

can be used as a complement and/or a precursor to an ETS, if, for example, North Macedonia should want 

to join the EU ETS at some point in the future. A number of countries have used existing tax systems to 

price environmental damages. Chile has implemented pollution pricing (see Box 4) and Mexico and 

Sweden both implemented pollution pricing through their excise systems and most EU countries 

implement carbon taxes on transport fuels in this way.lviii Ultimately, the type of instrument used, and the 

associated implementation approach, is less important than ensuring that pollution is priced. 

Box 4: Green Taxes in Chile 

Since 2017, Chile has implemented green taxes on stationary and mobile sources. Environmental regulations 
adopt the “polluter pays” principle to provide an incentive to reduce GHG and local air pollutants. The tax for 
mobile sources is based on a vehicle’s fuel consumption and estimated NOx emissions rate. Stationary sources 
are taxed at the point of combustion according to: 

1. Measured air pollution and the estimated damage caused by local pollutants (PM, NOx and SO2) 

2. Measured CO2 emissions and the estimate climate social costs associated with those emissions. 

In 2018 the Green Taxes generated over €250 million, with around two thirds from stationary sources and one 
third from mobile sources. All green tax revenues are allocated to the general budget.l  

For North Macedonia, the fuel excise system can be easily adjusted to price pollution and is attractive for 
five main reasons: 

1. The frameworks and institutions already exist—the existing measurement, monitoring, 

compliance and enforcement regimes could be used with minimal new administrative 

requirements. This reduces the impact on both government institutions and the business 

community. 

2. Prices are set per unit of fuel (e.g. liter, GJ or kg), as opposed to VAT and tariffs, which are based 

on value. This makes excise particularly effective at incorporating environmental externalities as 

the environmental damages are related to the amount of fuel used not its commercial value.  
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3. The excise system is applied upstream of the point of combustion, which promotes simplicity (in 

terms of emissions quantification and compliance), minimizes tax evasion and ensures that all 

users are subject to environmental taxes, including the informal sector.16 However, applying 

upstream compliance requires downstream tax adjustments to ensure air pollution controls at 

individual installations are appropriately recognized (see section 6.2.3). 

4. It would promote consistency with the direction of the EU, as highlighted in in the European 

Commission’s Green Deal and proposed revisions to the ETD (see section 5.3).  

5. It would provide a level of flexibility that would facilitate future adjustments. Implementing 

through the excise system allows for a price signal to be established quickly, providing an early 

signal to businesses and encouraging them to factor in environmental costs in investment 

decisions. The sectors and fuels covered can be quickly adjusted through changes to excise rates. 

If, for example, North Macedonia joined or linked to the EU ETS, the excise rates for fuels covered 

by the ETS could be adjusted to ensure pollution is only charged once. Importantly, ahead of 

joining the EU ETS, it would provide businesses with crucial experience in managing a carbon price 

in their operations. 

Policy Finding 1: Use the excise system to introduce pollution pricing, so that fuel prices reflect their 

relative environmental damage. 

While North Macedonia’s excise duties on fuels already demonstrate an effort to address pollution, the 

rates are not relative to environmental damage. Addressing this is critical to ensure fuel users receive the 

right price signal. In this regard, the excise rate for diesel needs to be adjusted to better represent its 

relative impacts, compared to alternative fuels, particularly petrol. An important part of this is the need 

to correct existing distortions. The excise rate in North Macedonia for diesel as a motor fuel is well below 

the rate for unleaded petrol and the EU minimum rate for diesel, set out in the ETD.  

Policy Finding 2: Bring base excise rates of diesel closer to the rate for petrol before or when applying 

pollution pricing. 

Policy Finding 2 could be partially achieved by moving diesel (and perhaps other fuels) to excise rates that 

are more closely aligned with EU ETD. Pricing pollution through the excise system requires determining a 

rate that reflects the emissions (and corresponding damage) associated with the use of each fuel. Once a 

price per pollutant is determined, the charge to be applied to the fuel is the pollution price multiplied by 

an ‘emissions factor’ of that fuel, representing the carbon content in the fuel for GHG or the average 

emissions from the fuel for air pollution. For GHGs, the formula17 is largely independent of the fuel’s use 

(e.g. stationary vs transport) and can be summarized as: 

 

 
16 In countries with large informal sectors, environmental tax reform can also boost economic activity by 
encouraging a shift toward the formal economy. This is because unlike conventional taxes (such as those on labor 
or profits), upstream fuel taxes capture the informal sector. Aligning taxes in the formal and informal sectors 
reduces the incentive to be part of the informal economy. 
17 This simplified approach includes assumptions on fuel density (e.g. volume-mass conversions), calorific value 
(which defines the energy content in an amount of fuel), and oxidation factor (if, for example, there is a potential 
for incomplete fuel combustion).   
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The carbon price reflects the inferred climate damage costs per ton CO2. Examples of international 
prices are provided in Table 10. Emission factors represent the amount of CO2 emissions per unit of 
fuel.18 

The calculation for air pollution is similar but is more dependent on how the fuel is used. This is described 

in more detail in section 6.2.3, but there are two broad categories of use that have different impacts on 

air pollutionxxviii: 

1. Stationary: Air pollution from fossil fuels used in stationary sources, such as power generation, 
leads to air quality issues.  

2. Transport (e.g. motor vehicles): which includes impacts on air quality, traffic congestion, 
accidents, and pavement damage. As discussed in section 3.2.3, this paper does not focus on 
these other transport-related externalities, such as traffic congestion and road accidents, 
although they can be priced through fuels in a similar way. 

The formula for air pollution is: 

 

Air pollutants other than PM2.5, such as NOx and SO2, can also be priced in a similar way. The emissions 
factors for each of air pollutant should represent the average pollution (or assumed pollution when 
complying with minimum standards) from combusting an amount of a particular fuel for a certain activity 
(e.g. stationary or transport). Emission factors for air pollutants have been developed by research 
institutions and governments to assist with understanding current and future emissions levels. For 
example, the Greenhouse gas - Air pollution Interactions and Synergies (GAINS) model developed by the 
International Institute for Applied Systems Analysis includes country-specific emission factors for fuels 
used in each sector.19 The GAINS model emission factors take into account existing pollution standards 
and regulations in a country as well as the range of pollution control technologies implemented across 
industry in that country.xlvii 

While emission factors account for the average technologies in place, there is a need for policies to 
recognize where better technologies are in place and to incentivize additional emissions reduction efforts 
beyond the standard. That is, the policy design should allow for tax liabilities to be adjusted (e.g. by 
providing rebates) in circumstances where control technologies have been implemented at an installation 
resulting in emissions that are better than those reflected by standard emissions factors. This is 
particularly important for air pollution at stationary sources, where there is a greater potential for 
differentiation in pollution control between installations. Section 6.2.3 provides additional detail on 
implementing a rebates system. Examples of air pollution prices for various jurisdictions are provided in 
Table 10. 

 
18 While the most accurate way of determining emission factors and calorific values is by analyzing fuel/material 
samples in a recognized laboratory, for simplicity default emission factors based on national or international 
averages are often used. For example, the Intergovernmental Panel on Climate Change publishes default emission 
factors based on global averages. Emission factor data base operated by the Task Force on National Greenhouse 
Gas Inventories: https://www.ipcc-nggip.iges.or.jp/EFDB/main.php  
19 GAINS covers around 180 regions globally. A region can be an individual country, a subnational region (e.g. 
Chinese province), or multinational regions (e.g. Northern Africa). GAINS represents up to 1,000 separate sources 
of emissions in each region. Each of these sources is represented as a sector and an activity in that sector. For 
combustion, these activities are the individual fuels. 

https://www.ipcc-nggip.iges.or.jp/EFDB/main.php


 

 

38 
 

The addition to the fuel tax is the sum of the carbon and air pollution charges (see Box 5 for a worked 
example): 

 

Box 5: Calculating the fuel tax adjustment 

The following gives a practical example for calculating the fuel carbon charge and fuel air pollution charge for 

coal.  For simplicity, this example only includes CO2 and SO2. 

Assumptions: 

• Carbon price = €20 per ton CO2. 

• CO2 emissions factor = 107 tons CO2 per TJ. (2006 IPCC Guidelines)xlviii 

• Air pollution price = €130 per ton SO2, based on the price in Poland for illustrative purposes. 

• SO2 emissions factor = 1.157 tons per TJ (2015 emissions factor for North Macedonia from GAINS). 

The fuel carbon charge would be €2140 per TJ (20 × 107). The fuel air pollution charge would be €150 per TJ 

(130 × 1.157). The adjustment to the fuel tax to account for both CO2 and SO2 in this example would be €2290 

per TJ (2140 + 150) or ~€2.3 per GJ of coal. 

 

Table 10: Example tax rate, coverage and revenue use for environmental tax systems in different 
jurisdictions 

Tax system  

Combustion 
pollutant 
targeted 

Approximate 
pollutant price 

Coverage Use of revenues 

Sweden SO2 tax SO2 
€3,300/ton 

sulfur content 
of fuel 

All fuel inputs General budget 

Sweden nitrogen charge 
(feebate) 

NOX €3,300/ton 
Large thermal 
power plants 

Rebated to industry in 
proportion to energy sales 

France SO2 tax SO2 €140/ton 
Large combustion 

sources 
General Budget 

Poland SO2 and NOX 
charges 

SO2 and NOX €130/ton 
Combustion 

sources >5MW 
Earmarked to off-budget 

environmental fund 

EU ETS CO2 ~€20/ton Large installations Various 

Montenegro (ETS) 
(Not yet implemented) 

CO2 
€24/ton 

minimum  

Large power and 
industrial 

installations 

Earmarked to 
environmental protection 

fund 

Latvia CO2 
€9/ton (€15 in 

2022) 

Large power and 
industrial 

installations 
General budget 

South Africa CO2 €6/ton 
Power, industry, 

buildings and 
transport 

Various 

 



 

 

Figure 15. Carbon prices as of April 1 2021.  

 

 Source: World Bank, 2021, State and Trends of Carbon Pricing 2021, Washington DC.



 

 

 
 

Box 6: IMF framework for setting appropriate “corrective” taxes 

The IMF’s Getting Energy Prices Right,xxviii highlights the importance of ensuring that fuel prices reflect the full 
cost to society of their use. To this end, the IMF establishes a framework for estimating the size of the 
“corrective” taxes, in which it includes three main components, accounting for: 

• the climate impacts resulting from the combustion of fossil fuels; 

• the air pollution impacts resulting from the combustion of fossil fuels at stationary sources (such as power 
stations); 

• the air pollution, congestion, accident and road infrastructure impacts attributable to vehicles. 

The framework provides insights into the magnitude of price changes required to ensure that pollution is 
appropriately priced. For example, for North Macedonia, this framework suggests an increase in the coal price 
of over €4 per GJ to account for damages to the climate and over €21 per GJ to account for damages associated 
with air quality. The climate and local air quality damages caused by diesel is estimated to be around €0.34 per 
liter. 

Source: IMF, 2014, Getting Energy Prices Right.xlix  

Pricing pollution through the excise system applies the tax system upstream and thereby simplifies the 
collection, reporting and enforcement while minimizing evasion. This approach prices all the fuel used in 
the economy. However, a small portion of fuel will not be combusted; instead it is used as a feedstock – 
an input in the manufacturing process of certain chemical products, such as fertilizers. As the fuel is not 
combusted, there are no greenhouse gases or air pollutants emitted. However, only a tiny fraction of fuel 
is consumed as a feedstock, such as a portion of the natural gas used in the chemical industry.  

The use of fuel as a feedstock can be addressed through applying a rebate. Entities that can show the 
amount of fuel they use as a feedstock (above a minimum threshold) would receive a corresponding 
rebate. 

Policy Finding 3: Provide a rebate for fuel used as a feedstock   

An inevitable impact of pricing pollution is that fuel prices will increase, particularly for pollution intensive 
fuels such as coal. While there are strategies to alleviate these impacts and help businesses and 
households to adjust (see section 6.2.1), consideration should be given to implementing the changes over 
time through a staged approach. This is a common practice with environmental tax reform, establishing a 
price signal with a clear indication of future policy direction - so important for investment decisions - while 
allowing the economy time to adjust to the policy reform.  

Such an approach could increase the level of the excise in increments over time. For example, the carbon 
price applied could start at a low level (such as €10 per ton CO2) then increase every few years by a set 
amount. Providing clarity on the pathway in advance promotes policy certainty and supports investment.   

Policy Finding 4: Introduce reforms through a staged approach   

6.1.2. Other taxes and subsidies 
While the excise system can be used to price pollution, other tax elements can be refined to ensure they 
promote environmental outcomes and do not undermine incentives provided through the excise system.  

The review of the tax system undertaken for this paper indicated limited issues on this front. 
Consideration may want to be given to levelling the playing field across fuels under the tariff regime. This 
mainly applies to natural gas which attracts a 2% tariff while coal has a zero tariff, and to petrol which 
attracts a 20% tariff while diesel has a zero rate. With current trade patterns for motor fuels, this is a 
minor concern, however, as tariffs apply to only 3% of diesel imports.  
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Similarly, subsidies to fossil fuel use distort investment and operating decisions and can mute the price 
signal provided by pollution pricing. As an example, this can result in an underinvestment in low carbon 
electricity generation and/or extend the operation of existing coal-fired power stations.  

 

Policy Finding 5: Update tariffs to be consistent across fuels and end subsidies to coal-fired electricity 

(i.e. through state loan guarantees) in order to prevent distortion or dilution of the price signal 

provided through the excise system (or other environmental policies). 

The tax on vehicles, with a growing proportion of the tax based on the greenhouse gas content, is a good 
complement to pollution pricing as it helps incentivize the purchase of more efficient vehicles, while the 
pollution pricing on fuels helps incentivize alternative forms of fuel and more efficient use of vehicles. 

6.2. Other policy considerations 

Environmental taxes can be a key policy for reducing GHG and air pollution emissions and for raising 
revenue in an efficient manner. Other measures, however, will be needed to address other market failures 
and barriers to reducing emissions, as well as to address emissions in sectors not covered by 
environmental taxes (such as the waste sector). This section identifies and discusses policy and sector 
specific issues that need to be addressed as well as potential options for complementary measures. Box 
7 highlights how revenue generated from environmental taxes can be used to address some of these 
policy considerations and how communicating the use of environmental tax revenue can help garner 
public support for policy change.  
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Box 7: Using revenues generated from environmental taxes and options to promote public acceptance 

Designed properly, pollution pricing can also be a valuable source of revenue. This is particularly important in 
the current context as revenue from environmental taxes can contribute to the sustainable macro-fiscal 
frameworks needed for funding social assistance and post-COVID-19 crisis recovery programs. Noting the 
political and social sensitivities associated with “earmarking” revenue from environmental tax reform, access to 
this revenue could instead be facilitated through hypothecation.20 The World Bank’s report on Using Carbon 
Revenuesl identifies six main options for using revenues generated from environmental taxes. 

1. Assist individuals, households, or businesses with the transition through direct transfers or other policies 
and programs. For example, where energy costs make up a larger share of lower-income households costs, 
compared to higher-income households, revenue can be used to compensate lower income households (e.g. 
through direct transfers) 

2. Finance additional policies or programs aimed at reducing emissions. For example, providing subsidies or 
incentives for businesses or households to replace inefficient technologies or to switch to cleaner fuels. 

3. Address the potentially negative impacts of environmental taxes on the competitiveness of domestic 
businesses. For example, providing energy intensive businesses with rebates (see section 6.2.1) 

4. Finance development objectives, such as education or health.  

5. Finance tax reforms to support increased economic growth.  

6. Finance public debt reduction.  

In practice, countries do not need to choose only one option for revenue use but can implement a package of 
spending initiatives, which is balancing a range of objectives, including promoting public acceptance for tax 
reforms. Effective communication of the use of revenues from environmental taxes offers a chance to highlight 
the positive overall impacts: 

• Clearly creating a link between environmental taxation and the use of revenue can make the reform more 
acceptable to stakeholders. This is because they are able to more clearly see what the revenues are 
funding. li  For example, in 2000 the Government of Ghana sought to increase the Value Added Tax rate 
from 10 percent to 12.5 percent but faced heavy public opposition. In order to secure public acceptance, 
the government committed 100 percent of the new revenues to a new Ghana Education Trust Fund, 
designed to fund scholarships and educational infrastructure, primarily at the tertiary level. lii 

• Public acceptance can be increased by using revenues from environmental taxation to address issues of 
high public concern. In doing so policy makers can demonstrate the benefits of environmental taxation and 

draw a clear line between the tax and the use of its revenue (e.g. environmental spending, air quality 
improvement programs, tax breaks, rebates, and other public objectives). However, tax reforms or 

project spending can lack visibility if their impacts and links to the source of revenue are not well 
communicated by policy makers. And outcomes monitored and published.  

• Revenue spending should be targeted to issues of most relevance in the country. Aligning revenue use 
with the low-carbon projects is likely to be more successful in countries where there is a high-level of 
concern for climate change. However, in jurisdictions where climate change is a less immediate concern, 
focusing on non-climate benefits may be preferred. For example, the proposed emissions levy in Costa Rica 
framed its core narrative around addressing air pollution, as this was of greater concern to the public than 
climate change.liii  

• Communicating the use of revenues from environmental taxation requires consideration of jurisdiction-
specific factors and robust research. These revenues can provide a valuable tool for increasing the 
acceptability, and ultimately the resilience, of environmental taxation. For this change to occur, however, 
it is essential that the policy rationale and communication strategy are jointly considered from the outset 
of policy design. 

Source: Adapted from World Bank’s Using Carbon Revenuel 
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6.2.1. Households and businesses 
Two common concerns raised with fuel tax increases are the potential impact on households, particularly 
poorer households, and on business competitiveness.  

Impact on households 

Data provided through household surveys can provide insights into the potential impact on households 
of price increases. They can give an indication, for households of different income levels, of the amount 
that households spend on fuel-related expenses. 

On average, energy consumption in household 
budgets ranges from around 10 to 20 percent of 
total consumption, with poorer households 
consuming a relatively smaller proportion of energy 
in their budget than richer households. This is also 
the case with electricity, with the poorest 
households’ electricity consumption representing 
almost half of the consumption share for higher 
income households  (Table 11). liv  Given the high 
emissions-intensity of energy (and particularly 
electricity) in North Macedonia, the relative share of 
energy consumption across household groups has 
important implications for the potential impacts of 
pricing pollution. 

As outlined in section 6.3, less than half of the 
additional revenue generated by potential policy reforms would be needed (e.g. as a cash transfer) to fully 
offset the carbon price impacts for the bottom 40% of households. In addition, the potential impacts on 
power prices could be managed through policy design. For example, revenue-neutral feebate21 
arrangements could be implemented in the power sector to promote reductions in emissions intensity 
without resulting in significant increases in electricity prices.  

Impact on business competitiveness 

Pollution pricing, along with complementary measures, can drive innovation, investment and substantial 

growth in some sectors. The investment opportunities that arise can be considerable, as is the potential 

for the development of new industries and innovation within existing ones. Some existing firms that are 

especially pollution intense, however, fear they could face competitive challenges from two directions: 

first, from lower polluting competitors with products easily substituted, and second from foreign 

competitors that that do not face similar constraints on pollution. In the first case, the difference in 

pollution costs as a result of pollution pricing is an accurate reflection of the difference in underlying 

 
21 The term “feebate” refers to a policy that combines fees and rebates. In this context, it refers to a policy that 
applies a levy or a fee upstream (e.g. as part of fuel purchases) and allows installations to claim a rebate. The 
upstream fee is based on the country-specific average (or other pre-determined) emissions intensity level. 
Installations can then claim rebates if they are able demonstrate to authorities that they have an emissions 
intensity that is better than the pre-determined level. In this way, a feebate policy has similar impacts as a 
downstream tax, but with the administrative advantages of upstream coverage. Section 6.2.3 discusses this in 
more detail, highlighting the need to ensure any air pollution tax policy recognizes installed control measures  (e.g. 
sulfur dioxide scrubbers). 

Table 11. Households’ energy consumption as a 
share of total consumption 

  

Stationary 

energy 

consumption 

Electricity 

consumption 

Q1 (poorest) 10.4% 5.2% 

Q2 13.7% 7.5% 

Q3 16.6% 9.7% 

Q4 16.6% 10.2% 

Q5 (richest) 20.3% 9.3% 

Source: World Bank, 2019, North Macedonia Energy 

Affordability, corrected for zero reporting and 

outliers – see Appendix B 
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emissions. Thus, from an environmental policy perspective, such substitution is desirable—although 

policymakers may still want to ensure a just transition for workers and firms in pollution-intensive 

industries. On the other hand, a difference in pollution costs between domestic and foreign firms that 

results from differential environment policies does not reflect underlying emissions. If domestic producers 

lose market share to firms in countries with lower environmental standards, such “emissions leakage” 

risks a lose-lose outcome: a loss of competitiveness or economic activity without an environmental gain.  

There is, however, little evidence to date that environmental regulation has resulted in the relocation of 

the production of goods and services or investment in these products to other countries.lv There may be 

several reasons for this, including that many existing programs include protection for at-risk sectors, and 

importantly that other factors (such as labor availability, exchange rates and infrastructure) are more 

significant to investment decisions regarding location of production than environmental regulations. 

Firms, even in energy-intensive sectors, may be able to deal with such cost increases by substituting 

inputs, seeking efficiency gains, or innovating. In addition, the vast majority of North Macedonia’s trade 

is with the European Union (63% of imports and 81% of exports in 2019)lvi which has strong environmental 

regulation. Therefore, with the exception of electricity (see section 6.2.4), the risk of leakage is likely to 

be low and so would the need be for a policy response, particularly if reforms are implemented in a staged 

manner that allows businesses time to adjust. Nonetheless, if the Government wanted to address this 

issue, there are a number of options that seek to address the price impact while maintaining an incentive 

to reduce pollution. Such policies need to be targeted to the most pollution-intense and trade-exposed 

industries. Two options are particularly relevant:  

1. Use some of the revenues raised to provide grants or concessional finance to businesses for 
low-pollution technologies. By promoting substitution in favor of cleaner inputs, resource 
efficiency, and green innovation, such support can preserve the price signals from an 
environmental tax and generate additional abatement incentives for firms to reduce their 
production costs and tax obligation. However, these interventions are unlikely to provide 
immediate relief to pollution intensive and trade exposed industries following the introduction of 
a tax and may not fully offset the additional tax burden or be deemed a fair compensation. 
 

2. Provide output-based rebates on the tax. Firms in an industry could receive a uniform rebate per 
unit of output. This would provide direct relief for the firms and reduce the price impact for 
consumers, while maintaining an incentive to reduce emissions. Importantly, the most efficient 
firms may actually gain from the policy, providing political support. By dampening the price 
impact, however, (as firms only pay for and potentially pass on costs above the rebate), it would 
also dampen the demand-side response, resulting in less emissions reductions. 

It is important to note that exemptions, despite their frequent use, appear the least efficient way to 

preserve competitiveness and may be counterproductive in the longer run.lvii 

The World Bank could assist the Government of North Macedonia to assess the impacts of the reform on 

business, by using an economy-wide model, such as a computable general equilibrium model, to provide 

insight into the possible impacts on employment and on trade flows between sectors and internationally.  
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Policy Finding 6: Use a portion of the environmental tax revenue to compensate low-income 
households  

6.2.2. Climate Change 
Carbon pricing is a particularly effective instrument for addressing the climate externality and incentivizing 

emissions reductions at least-cost. However, additional policies will be needed to reduce emissions in 

sectors outside the carbon price (i.e. non-fuel emissions such as from waste and agriculture) and to 

address several barriers that exist to cost-effective mitigation.   

Adapted from the World Bank’s Carbon Tax Guidelviii, Table 12 summarizes three important barriers to 

emissions mitigation and the potential instruments to address these barriers. Ultimately, the optimal suite 

of policies for a jurisdiction is dependent on the prevalence of each of these barriers as well as the sources 

of emissions in the jurisdiction, the national circumstance and the overarching policy objectives. However, 

it is clear that a “menu” of instruments is required to reduce emissions. Energy efficiency is often used as 

an example of a mitigation option that, while cost effective, fails to be implemented because of other 

barriers, such as a lack of information about a product’s energy efficiency or the associated cost savings. 

Underinvestment can also occur where agents do not reap the benefits of their investments in energy 

efficiency. For example, there is limited incentive for a landlord to install energy efficient appliances if it 

is the tenant, not the landlord, that pays the electricity bill.  

 

 

 

 

Table 12: Emission Mitigation Issues and Policy Tools 

 Problem Explanation Market Failure 

Example 
instruments to 

address problem 

Lack of incentives 

Absence of incentives to change current 
(high-emissions) behavior. This may be 
due to the high costs of mitigation options 
and the fact that emitters are not 
responsible for the externalities caused by 
emissions. 

Environmental externalities 

Fiscal instruments 
(e.g. Carbon tax, ETS); 
subsidies; and 
command and 
control. 

Insufficient 
information or 
technology 

Lack of understanding of the sources and 
causes of emissions, or absence of 
technologies to reduce emissions from 
these sources or strategies to address 
underlying causes. 

Information creation / innovation 
as a public good 

Research programs 
sponsored by 
government; research 
grants; and patent 
protection; 

Insufficient 
information 
distribution 

Although information exists, individual 
decision makers in the private and public 
sectors (consumers, producers, public 
administrators) do not have the 
information needed to make informed 
decisions. 

Incomplete access to/ possession 
of information 

Public information 
campaigns; labeling 
requirements; energy 
efficiency standards; 
institutional support 
programs for 
technological best 
practice 
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dissemination; and 
technology transfer 
schemes 

For North Macedonia, additional measures to reduce emissions may be warranted in the waste and 
transport sectors given their growing contributions to emissions and their particular characteristics. The 
transport sector is discussed in section 6.2.5.  

Methane is the main greenhouse gas from the waste sector, which occurs as waste decomposes. 
International experience demonstrates that methane can be captured at low cost from both wastewater 
treatment plants and landfills. Once captured, the methane can be used to generate electricity and 
thereby income (or cost savings) and provide a valuable, domestically-sourced form of energy. While a 
carbon price can be used to incentivize this form of emissions reductions at wastewater plants, it is more 
difficult with landfills. This is because of the long timeframe over which emissions occur and landfill 
operators (often local authorities) are responsible for managing waste deposited by many individuals. 
That is, emissions occurring today are a result of the decomposition of waste that has been deposited 
over the last few decades. This makes it difficult for landfill operators to appropriately charge landfill users 
at the time the waste is deposited to recoup the costs associated with a tax on GHG emissions. As a result, 
it can be simpler and just as effective (given the high level of knowledge about the emissions reduction 
options and technologies) to simply regulate emission control technologies at waste sites, such as 
mandatory methane capture. 

6.2.3. Air pollution  
As identified in section 3.2.2, air pollution is a significant problem in North Macedonia. No single policy 
can address domestic air pollution on its own. An effective response requires a strategic and integrated 
approach that reflects regional (e.g. urban vs rural) and sector specific issues. For example, pollution from 
North Macedonia’s coal-fired power stations needs to be addressed, with neither plant having an 
integrated pollution prevention and control permit and neither has installed desulphurization equipment. 
In 2019 the Bitola power plant was the largest emitter of SOx in the Western Balkans with SOx emissions 
over 10 times the limits set under the Energy Community Treaty.lix 

Policies also need to be conscious of the transboundary nature of air pollution and the importance of 
regional solutions. In recognition of the transboundary contributions to AAP, North Macedonia should 
continue to collaborate with neighboring countries to share knowledge, experience and alignment of 
policy reform. Environmental taxation forms an important part of the policy mix to effectively reduce AAP, 
but should be used to complement other economic, and command-and-control instruments, such as 
emissions standards and other regulatory measures. A good example of this is the complexity of delivering 
PM2.5 emission reductions, which needs targeted, source-specific policies in addition to pollution taxes, 
noting the geographic and seasonal aspects, the contribution from non-combustion sources and the 
interaction of other pollutants from fuel combustion. 

Further, because of the potential impact of policies on low-income households, policies and interventions 
to reduce air pollution need to actively consider any adverse impacts on poor and vulnerable 
communities. 

An important example of the above issues is the use of wood for heating by households. Residential use 

of wood for heating is a major contributor to air pollution in North Macedonia and needs to be directly 

addressed to improve air quality. A large proportion of wood is traded informally, which means it is 

difficult to reduce demand for wood through fiscal instruments (wood products are largely excluded from 

excise charges across the EU). Further, even if wood could be taxed, pricing wood used as fuel would likely 

adversely impact on low income households, who are major users of wood as a heating fuel.  
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This points to the need for additional policy to address air pollution from fuelwood. A portion of the 

additional revenue from the tax reform could be used to assist low income households transition to more 

efficient, and lower polluting, forms of heating. This could include important short-term measures, such 

as transitioning to more efficient wood or pellet stoves or longer-term transitions to district heating (in 

urban centers), natural gas or electricity. Electricity has a number of advantages, noting continued 

improvements in heating efficiencies, the prevalence of existing distribution infrastructure, and the ability 

(and long-term global decarbonization trajectories) to achieve zero emission electricity. The fiscal reforms 

outlined in this paper would help transition the electricity sector to cleaner forms of energy over time. 

While not as high a priority, the government could also consider funding specific measures targeting 

industrial stationary sources and mobile sources. Box 8 summarizes some of the main potential uses of 

revenue acquired through pollution pricing to address air quality. It is important to note that a range of 

reforms are needed to sustainably address air quality, such as those outlined in the World Bank’s report 

on air pollution in North Macedonia.xvi 

Box 8: Example pollution reduction measures that could be funded from environmental taxation revenue 

In addition to highlighting the need for North Macedonia to align its industrial emissions standards with the EU, 
the World Bank’s 2019 report on Air Pollution Management in North Macedonia recommended a number of 
measures to promote air pollution from domestic heating, stationary sources, and mobile sources. The following 
are examples taken from that report, which could be funded by additional revenue obtained from 
environmental taxation. 

Domestic heating: Implement a program (initially as a pilot) to subsidize replacement of traditional stoves with 
more efficient ones. Similar programs have proven to be successful in other countries with similar domestic 
heating issues (e.g. Mongolia). In addition, all new household stoves and boilers burning fuelwood should meet 
the stringent standards of the Ecodesign Directive of the European Union (EU). 

Stationary sources: Provide incentives to smaller industrial facilities to strengthen how they manage air 
pollution. 

Mobile sources: Finance a program to facilitate vehicle emissions testing to ensure that all vehicles meet air 
quality standards at the time of vehicle registration. 

Source: World Bank’s 2019 report on Air Pollution Management in North Macedonia 

As highlighted in section 6.1.1, one of the benefits of using the excise system is the simplicity associated 

with applying the point of regulation upstream of the point of combustion. In this way default charges are 

applied through the excise system to reflect the emissions from the combustion of fuels before any 

emission control technologies are applied. While emissions control technologies are generally not applied 

for GHG management, they are for air pollution (e.g. the flue gas from combustion at a power plant). 22 As 

a result, and as discussed in section 6.1.1, it is critical that the tax reform allows recognition of air pollution 

control measures   (e.g. sulfur dioxide scrubbers) to incentivize new controls. This can be done by providing 

rebates to operators that are able to demonstrate (e.g. through the use of continuous emissions 

monitoring technologies) a reduction in air pollutants. For example, a company can be provided with a 

tax rebate when it installs highly efficient abatement technologies like scrubbers for sulfur dioxide (SO2), 

low nitrogen oxide (NOx) burners, or electrostatic precipitators to capture dust particles. Where such tax 

rebates exist (such as those on the SO2 tax in Sweden), requesting entities must provide proof that the 

applicable technology has been deployed. These rebates are essentially tax adjustments to ensure an 

installation’s tax liabilities match its real-world emissions. This approach of taxation using defaults is 

 
22 Post-combustion controls are generally not possible with combustion-related GHG emissions. The notable 
exception is Carbon Capture and Storage (CCS).  
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standard in tax policy—many countries use it for Personal Income Taxation. As the burden of proof is with 

the regulated entity, this approach eases the administrative burden on the government, noting that there 

will be minimum institutional and resource requirements to implement a rebate program. Rebates are 

most applicable at large stationary pollution sources, which have a greater ability to implement pollution 

control measures and the resources and capability required to demonstrate pollution reductions to the 

government.  

Policy Finding 7: Implement a rebate system for larger stationary sources to recognize existing air 
pollution controls and to incentivize new controls. 

6.2.4. Electricity  
As a result of pricing pollution, the price of fossil fuels, particularly coal, will increase. This will have two 
important effects for the electricity sector: 

1. Electricity prices will increase in the short to medium term, noting that coal is responsible for 
about 60 percent of electricity generation in North Macedonia. Consumer electricity price 
increases would occur to the extent that the power market is liberalized, and prices reflect the 
marginal costs of electricity generation.  As of 2019, almost half of North Macedonia’s power 
consumption was covered by the open electricity market.xlvi Given this, it is not immediately clear 
how much of the cost increase would flow through to end consumers. 

2. Coal power, either existing or new, could be displaced as alternatives become relatively cheaper. 

While electricity consumption has been decreasing in recent years, and higher prices will continue to 
dampen consumption, electricity demand is expected to increase in the coming decades.xlv  While it is 
uncertain how the generation mix would change, there is an increasing likelihood that North Macedonia’s 
two coal fired power stations (Bitola and Oslomej) will close by the end of the decade. This presents short 
term challenges to manage the transition to a low carbon electricity grid, including: 

• Risk of high-emission electricity imports; 

• Capacity to supply renewables;  

• The role of existing renewable support policies; 

• Promoting cost-reflective pricing; and 

• Ensuring a smooth transition for coal-reliant communities.  

These are discussed in the following sub-sections. 

Risk of increased electricity imports 

Currently, North Macedonia imports around 30% of its electricity requirements. A reduction in coal power 

and an increase in demand could put pressure to increase the amount of imported electricity. This would 

have two important implications.23 The first would be a reduction of energy security, increasing North 

Macedonia’s reliance on foreign generation and potentially exporting income and economic activity that 

could have otherwise taken place domestically. The second is that if the imported electricity comes from 

a high-emitting source, such as coal, there would be minimal (or zero) environmental benefit.  Given the 

high proportion of coal generation in neighboring exporting countries (particularly Kosovo, Serbia, Bosnia 

and Herzegovina and Bulgaria), the risk of importing coal power is real. 

 
23 Greater imports could also lead to a widening of the current account deficit and potentially higher pressure on 
the pegged exchange rate. 
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One approach to address the risk of such emissions leakage24 is to apply an equivalent pollution pricing 

regime to imported electricity. Such pricing, sometimes referred to as carbon border adjustments (CBA), 

are relatively novel, but have been implemented in California which applies a carbon price to imported 

electricity and is currently being considered by the European Commission. Such a measure would increase 

the price of imported emissions-intensive electricity where it faces a lower pollution cost than 

domestically produced electricity. This approach provides a market solution to ensure emission impacts 

are appropriately accounted for in imported electricity (or other commodities) and thereby minimizing 

the risk of emissions leakage. However, there is a need for careful implementation with concerns around 

the potential for gaming. These concerns have been raised in California where there is potential for higher 

emissions electricity to simply be redirected away from the Californian market (which would result in 

similar emission leakage issues).  

An alternative approach to address the risk is to promote a coordinated regional approach to emissions 

reduction policy. Such an approach would seek to have aligned, but not identical, emissions reduction 

policies across power connected countries. This approach would be broadly consistent with the objectives 

of the Energy Community and there could be potential to promote coordination with other Contracting 

Parties.  

While the risk of leakage exists for all commodities and energy products, it is more prevalent in the power 

sector because of the homogeneity of electricity and the relatively low cost and convenience of transport 

(e.g., existing cross-border transmission networks). For example, while there is a potential for consumers  

to purchase transport fuels from neighboring countries that have lower excise and therefore fuel prices, 

in practice this is a relatively low risk due to the high costs associated with obtaining this fuel (i.e., 

additional fuel and time). This could be more prevalent for multi-jurisdictional freight carriers, who could 

shift fuel purchases (at the margin) to jurisdictions with lower fuel prices. A coordinated regional approach 

would also help address leakage risks in transport fuels.  

Increase in domestic renewable energy 

An increase in renewable electricity generation can reduce pollution, increase North Macedonia’s energy 

independence, and facilitate economic development and employment in the renewable energy supply 

chain. North Macedonia is well placed to increase the proportion of electricity produced from renewable 

sources—it has large potential capacity of renewable resources and an existing base that promote 

continued reliability and security of the electricity system. 

The International Renewable Energy Agency (IRENA) estimates that North Macedonia has over 8GW of 

technical potential capacity of renewable electricity, from solar and wind.lx Of this, around 2GW is 

considered potentially cost competitive, with utility scale solar PV accounting for 1.2 GW and 680 MW 

from hydro (while wind has a high technical potential, it is relatively expensive in the near term). This is 

significant considering total installed capacity in North Macedonia (from all sources) is just over 2GW, 

noting the majority of this is from non-intermittent sources (i.e. coal and hydro) with higher output 

potential (i.e. capacity factors) than solar or wind.xlv Even after accounting for the intermittent nature of 

solar and wind, this capacity potential implies that North Macedonia has a large renewable resource base 

to help replace declining shares of fossil fuel based power and meet future energy demand growth. 

Further, North Macedonia’s large existing hydroelectricity resource coupled with planned improvements 

 
24Emissions leakage refers to the risk of production (in this case electricity generation) being relocated to other 
countries with laxer emission constraints. This could lead to an increase in total emissions.  



 

 

50 
 

to natural gas access (e.g. potential Greece supply source from 2022), would support the growth of 

intermittent renewable power.  

Existing renewable energy support programs 

When implementing environmental tax reform, it is important to consider how it will interact with existing 

environment and energy policies. This is particularly relevant for the existing feed-in-tariffs and premiums, 

which are aimed at transitioning electricity away from fossil fuels. While feed-in-tariffs are useful in 

providing cash-flow certainty and increasing uptake of specific technologies, they can be less efficient and 

tend to have higher costs, compared to pollution pricing (technologies must be chosen upfront and it is 

difficult to determine the optimal feed-in-tariff rate). Over time and once costs in the power sector are 

fully reflected in consumer prices (through market liberalization), it may be preferable to transition to 

pollution pricing as the key driver of clean energy. These policies have characteristics that support such a 

transition. As the pollution price increases, the amount of feed-in-tariff or contract premium that will be 

needed to support renewables will diminish (assuming cost reflective power pricing), until ultimately no 

such premium (or tariff) is needed. By maintaining the existing policies, such an approach supports the 

investment certainty so crucial for large scale investments in the power sector.  

Policy Finding 8: Retain existing premium support scheme for renewable energy sources in the short-

medium term to promote investment certainty, but evaluate its role over time. 

Price pass-through in the electricity sector 

The full effect of pollution pricing in the power sector is gained when the pollution price flows through to 

affect the decisions that influence how electricity is produced and consumed. These decisions include 

which generators are dispatched, investment in generation assets and the level of consumption. The 

electricity sector in North Macedonia is progressively liberalising, with an increasing share of the sector 

facing competitive market pricing and thereby reflective of underlying costs, including – potentially – 

pollution pricing. While it is beyond the scope of this paper to assess the potential for cost pass-through 

in the power sector, this would need to be considered prior to implementation. There are a range of ways 

that the design of the reform can be tweaked to address any barriers that remain.lxi 

Managing the transition 

Transitioning the economy away from emissions-intensive industries and growing new, greener industries 

changes the demand for skills and labor, presenting structural adjustment challenges. Some regions will 

be better placed to deal with the impact of such changes than others. For instance, more diversified 

regions with lower rates of unemployment and more substitutable skills will be better able to transition 

displaced workers to other types of employment. Such concerns are likely to be most relevant in the coal 

industry where the extraction and use of coal are concentrated geographically. A tangible example is the 

potential decommissioning of the Oslomej and Bitola Power Plants (and the supplying coal mine). This 

transition is inevitable as the existing fleet of thermal power plants reach the end of their technical and 

economic lives and the move to cleaner energy progresses. North Macedonia’s enhanced NDC anticipates 

both power stations being decommissioned by the end of the decade. The North Macedonian government 

is already considering the process for transition, with planned investments in energy of over €3 billion by 

2027, and an increased investment focus on promoting renewable energy capacity to replace the supply 

gap left by the closure of the coal power stations.lxii 
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To alleviate the negative impact on sectors or regions less able to transition to a lower carbon economy, 

a range of policies can be used. A price on emissions can help manage the transition by providing an early 

market signal, but additional social policies are needed to help communities adjust. Such policies can help 

workers transition to other employment or seek to boost local economies and therefore job opportunities. 

One example of a supported transition comes from Germany’s ongoing efforts to manage potential social 

impacts of the phasedown of its coal consumption. To manage the impact of this phasedown, Germany 

implemented a variety of supportive policies, including early retirement support, retraining programs, and 

support for economic development. The government’s proposed investment plan 2021-2027 includes 

elements to assist with the transition, including potential investments in communities vulnerable to the 

transition (e.g. Oslomej), with an increased focus on promoting employment benefits. The success of 

these policies indicates that early planning is important, that affected workers should be involved in the 

planning, and that structural support should be offered to affected regions and workers rather than 

companies to ensure transition toward more efficient and sustainable industries.  

6.2.5. Transport  
Transport presents a number of unique challenges that cannot be addressed by fiscal instruments alone. 

This is partially due to the long timeframes for fleet turnover, but also due to a range of other barriers, 

including misaligned incentives (e.g. between individual costs and economic benefits or car manufacturers 

and car users), the small cost of emissions relative to vehicle costs, and the need for substantial public 

infrastructure requirements (e.g. access to lower emission mode of transport).lxiii Below are three 

examples of transport-specific complementary policies relevant to North Macedonia. 

1. Promote modal shift. Promote access to lower emission modes of transport. This could include 
short term measures such as rolling out low emission buses or ultimately fast-charging electric 
buses or improved rail and public transport access. Transport electrification provides greater 
benefits as electricity grids are decarbonized over time. The European Commission’s Guidelines 
for the Implementation of the Green Agenda for the Western Balkans highlights revitalizing the 
rail network as the highest priority for the region, as well as an increased focus on broader modal 
shift efforts.lxiv  

2. Improved testing of existing vehicle emissions. Ensure standards reflect emissions impacts and 
those standards are enforced (e.g. through vehicle emission testing integrated with 
roadworthiness inspections). 

3. Improve the emissions performance of the vehicle fleet. This can be done through tweaking 

existing charges, such as registration and road user charges, to have a greater focus on 

environmental impact (through, for example, basing charges on emissions or fuel efficiency). It 

would also be important to continue to raise the minimum standard of vehicles imported into 

the country (currently Euro 4 for used and Euro 5 for new cars). 

Policy Finding 9: Consider complementary measures that, in conjunction with the proposed tax 

reform, will support decarbonization and air quality improvements across the economy. 

6.3. Indicative impacts from applying a carbon price to fuels  

This section presents the results of an economic analysis undertaken to test the impacts from applying a 

carbon price to the excise rates for primary fuels. The analysis used the World Bank’s Macroeconomic 

and Fiscal Model (MFMod) to assess the direct and indirect impacts on North Macedonia’s economy, as 

a result of introducing a carbon price. MFMod is a structural econometric model that establishes 
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relationships across economic variables and provides insights into how economic activity affects climate, 

and how the climate affects the economy (Appendix A provides additional detail on the modelling 

approach).  

The analysis established a baseline (referred to as Business-as-usual, or BAU). The BAU outcomes were 

compared against the outcomes where a carbon tax is introduced using the excise system. Covered fuels 

include gasoline, diesel, natural gas, coal, LPG, kerosene, and heavy fuel oil. Two carbon price scenarios 

were analyzed:  

1. A low carbon price scenario: a carbon price of €10 per metric ton of CO2, commencing in 
2022 and increasing to €20 from 2030 in real terms. 

2. A high carbon price scenario: a carbon price based on the projected EU ETS price, starting 
at €40 in 2022 reaching €66 in 2030 and €100 in 2040 in real terms. 

The carbon price in each scenario is shown in Figure 16. For the purpose of the analysis, the carbon price 

is introduced in 2022 and applied in addition to the existing excise rate over a 10-year period. Other key 

actions include increasing the diesel excise rate to be equivalent to gasoline excise rate and removing all 

existing fossil fuel subsidies by 2021. 

On this basis the modeling was used to estimate the impacts of a carbon price on four main areas: 

1. Energy: including energy prices and energy consumption, including the potential change in the 

fuel mix.  

2. Emissions: with a focus on changes to greenhouse gas emissions. 

3. Economy: including potential impacts on GDP, employment, government revenue and trade. To 

better understand the impacts and design options to improve economic outcomes, additional 

simulations were modeled to investigate the potential impacts of the EU introducing a carbon 

border adjustment mechanism and alternative revenue use options, including personal income 

tax reductions and investments into research and development.  

4. Distributional impacts: including an assessment of the potential impacts on households, by 
income category. 

Figure 16. Assumed carbon price (in real terms) 

 
Source:  World Bank analysis 
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6.3.1. Overview  
The modeling indicates that introducing a carbon price leads to a relative increase in the price of carbon-

intensive fuels which improves energy productivity, reduces energy consumption and increases use of 

low-emissions fuels. The reduction in energy consumption and a reduced reliance on fossil fuels 

(particularly natural gas) reduces energy imports, improving energy security. A carbon price leads to 

significant GHG emissions reductions, putting North Macedonia on the path to meet its new ambitious 

enhanced NDC. However, additional action is required to meet the enhanced NDC, particularly to ensure 

non-energy sectors contribute to the target. 

North Macedonia’s economy continues to grow with a carbon price (even without accounting for the full 

health benefits), albeit marginally slower than under BAU, in the near term. Employment remains largely 

unchanged, even under a high carbon price scenario. The direct increase in government revenues from 

the carbon tax is approximately MKD 6.3 and MKD 14.5 billion in 2025, respectively. After accounting for 

the broader economic impacts25 from the reforms, including increasing the diesel excise rate, total 

government revenue in 2025 increases by around MKD 9.1 and MKD 21.7 billion under a low and high 

carbon price, respectively.   

6.3.2. Energy 
North Macedonia has access to relatively low-cost energy, in the form of domestic coal. As a result of this, 

in combination with historically low energy taxes, electricity prices in North Macedonia are lower than 

other countries in the region.xlv Applying a carbon price to fuels will cause the price of carbon-intensive 

fuels to increase. Table 13 summarizes the corresponding absolute increase to the fuel excise rates for 

key fuels for a carbon price of €20 and €66 per ton CO2 (i.e. the assumed carbon price in 2030 in the low 

and high carbon price scenarios, respectively). 

Table 13: Adjustment to fuel excise rate to apply carbon price of €20 and €66 per ton CO2 

Fuel Units 
Low carbon price 

High carbon 
price 

€ 20/t € 66/t 

Motor fuels       

Leaded petrol Euro per 1000 litres € 45.9 € 151.5 

Unleaded petrol Euro per 1000 litres € 45.9 € 151.5 

Diesel Euro per 1000 litres € 53.5 € 176.6 

Kerosene Euro per 1000 litres € 50.9 € 167.8 

LPG Euro per 1000 kilograms € 59.7 € 197.0 

Heating     

Diesel Euro per 1000 litres € 53.5 € 176.6 

Heavy fuel oil Euro per 1000 kilos € 56.6 € 186.8 

Kerosene Euro per 1000 litres € 50.9 € 167.8 

LPG Euro per 1000 kilograms € 59.7 € 197.0 

Natural Gas Euro per gigajoule € 1.1 € 3.7 

Coal and Coke Euro per gigajoule € 2.1 € 7.1 

 
25The total revenue estimates additional revenue from increasing the diesel excise rate to be equivalent to 
gasoline, as well as the net revenue impact from price and quantity impacts on sales and income taxes.  
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Petroleum Coke Euro per gigajoule € 2.0 € 6.4 

 

Adding a uniform carbon price across fuels will mean that fuels that have a low (or zero) excise rate 

experience a higher proportional excise rate increase. To illustrate this, Table 14 summarizes the increases 

to the excise rate resulting from a €20 and €66 carbon price as a percentage of the existing rates. The 

largest percentage increase is for heavy fuel oil, which has an existing rate considerably lower than other 

fuels (on an energy content or carbon basis) and almost an order of magnitude lower than the current 

ETD minimum excise rates. An upward adjustment would better align the heavy fuel oil excise rates with 

those applied in the EU. 

Table 14: Increase in excise of selected fuels under modeled carbon prices in 2030 as a percentage of 
the existing North Macedonia excise rates 

  
Units Existing North 

Macedonia rates  
€20 per tonne 

CO2 
€66 per 

tonne CO2 

Leaded petrol Euro per litre 0.390 12% 39% 

Unleaded petrol Euro per litre 0.347 13% 44% 

Diesel as a motor fuel Euro per litre 0.290 18% 61% 

Diesel for heating Euro per litre 0.101 53% 175% 

Kerosene as a motor fuel Euro per litre 0.176 29% 95% 

Kerosene for heating Euro per litre 0.035 145% 480% 

Heavy fuel oil  Euro per kilogram 0.002 2,830% 9,339% 

Petroleum coke Euro per gigajoule 1.354 144% 475% 

 

Figure 17. Modeled energy price changes in 
2030 with a low and high carbon price 
(compared to BAU)  
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The size of the increase in fuel price depends on the 

change to the excise rate, which is (as outlined above) 

based on the level of the carbon price and the carbon 

intensity of the fuel, with the most carbon-intensive 

fuel, coal, experiencing the largest price increase (Figure 

17). As a result of higher fuel prices, electricity prices are 

also projected to rise above BAU levels by around 11%  

and 21% over the period to 2040, under a low and high 

carbon price, respectively (Figure 18). 

 

Introducing a carbon price means consumers are 

incentivized to improve how they use energy and 

energy intensive products. Improved energy 

productivity (e.g., energy efficiency) reduces 

energy demand (Figure 19) and shifts the fuel mix 

towards lower emission fuels (e.g., renewables).  

This is highlighted in the power sector where the 

share of renewables increases as the carbon price 

increases (Figure 20). As outlined in section 6.2.1, 

energy price increases can affect household 

groups differently, depending on the proportion 

of expenditure on energy. Section 6.3.5 provides 

an assessment of the distributional impacts on household groups. 

 

 
Source: World Bank analysis. 

Figure 18. Electricity prices with and without a 
carbon price  

 
Source: World Bank analysis. 

Figure 19. Total energy demand (TOE) 

 
Source: World Bank analysis. 

Figure 20. Electricity fuel mix in 2030 

 
Source: World Bank analysis. 

Figure 21. Energy imports in 2040, by fuel type 
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Lower energy demand and increased use of 

renewables also leads to reduced reliance on 

energy imports, with total energy imports falling 

following the introduction of a carbon price and 

a reduced reliance on fossil-based imports 

(Figure 21). 

However, it is noted that the power market is 

highly integrated with other countries in the 

region, which means there is potential for any 

shortfall in supply to be met through imported 

electricity. To provide a more accurate 

understanding of the likely impacts on energy 

consumption, more detailed power sector 

modelling is required. 

6.3.3. Emissions 
As highlighted in section 5.2, applying a carbon price provides an incentive for businesses and consumers 

to minimize their carbon costs, as they do with other costs, exploiting all available opportunities to reduce 

emissions from their operations. As a result, introducing a carbon price will provide substantial emissions 

reductions. Under the low carbon price scenario, GHG emissions are over 30% below BAU in 2030 (~ 3.6 

Mt CO2-e) (Figure 22). 

Figure 22. Energy and industry sector GHG emissions, under BAU and with a low and high carbon 
prices to 2030 

 
Source:  World Bank analysis 
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reductions delivered by a low carbon price provides more than half of the reductions necessary for the 

energy sector and industrial sectors to meet their contribution of North Macedonia’s NDC.26 A high carbon 

price (in line with the projected EU ETS price) delivers 98% if the reductions required to meet the energy 

and industrial sectors’ objectives. 

Reduced fuel combustion also reduces emissions local air pollutant emissions, with larger reductions 

expected at higher carbon prices (Figure 24). Such reductions have the potential to improve local air 

quality which provides health and economic benefits. The model accounts for the benefits associated with 

the cost savings from reduced absentee laborers and reduced government healthcare expenses, but does 

not include the broader productivity benefits, nor economic benefits from reduce mortality. These 

additional benefits can be large. For example, an OECD study of European data found a 1 mg/m3 reduction 

in PM2.5 levels results in a 0.8% increase to GDP.lxvi 

6.3.4. Economy 
A key benefit of carbon pricing is the additional revenue it raises. The amount of revenue is largely 

proportional to the level of the carbon price, but also accounts for changes in other tax revenue resulting 

from changes in economic activity due to the carbon price.  Figure 25 shows that total revenue in 2030 

increases by as much as 4% and 8.5% relative to the baseline for the low and high carbon price, 

respectively. This translates into an additional MKD 33 billion in 2030 with a high carbon price of around 

€66 (note that this estimate is inclusive of the fuel levy equalization and subsidy removal).  

  

 
26 The energy and industrial sectors have both been included, noting that MFMOD includes emissions from all fuel 
combustion and cement, which represents the majority of industrial process emissions. 

Figure 23. Emissions reduction contributions 
(below 2030 BAU) by a carbon price scenario to 
meet energy and industrial sectoral enhanced NDC 
objectives 

Figure 24. Reductions in PM2.5 compared to BAU 
under low and high carbon price scenarios. 

 
 

Source:  World Bank analysis  
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North Macedonia’s economy would continue to grow strongly with a carbon price. After an initial drop in 

GDP, the introduction of a carbon price is estimated to have a minor impact on economic growth—

average annual GDP growth for the period 2022 to 2040 is around 3 % under BAU, and 2.97% and 2.88% 

under the low and high carbon price scenarios, respectively (Figure 26). The carbon price thus does not 

have a permanent impact, but more a short-term reduction in the level of GDP. As the economy transitions 

to renewables, the economy also returns to the baseline growth trajectory. In these modeling scenarios 

the carbon price does not affect productivity or population changes – the standard anchors for long-run 

growth. Furthermore, as highlighted above, only some of the additional co-benefits are accounted for in 

the modeling. The reduction in emissions are associated with a decrease in pollution (PM2.5), which 

reduces the cost of absentee laborers and reduces government and out-of-pocket healthcare expenses. 

Additional benefits, such as reduced mortality and improved labor productivity due to the health benefits 

of lower emissions are, however, not accounted for.  

The impact of employment depends on several 

factors – the degree to which labor productivity 

affects wages and the extent of price indexation 

of wages. Wages respond with a lag to prices, and 

hence in real terms reflect a real decrease in 

wages in the short-term which would temporarily 

boost employment. In the medium to long run, 

real wages are unaffected by the carbon price 

due to constant labor productivities (the 

projected annual unemployment rate averaging 

below 20% in the period to 2040 under all 

scenarios).  

As a result of increased input costs (e.g. energy), 

exports are lower in the carbon price scenarios 

(Figure 27).   However, all of the above comparisons across economic and fiscal indicators assume North 

Macedonia is implementing a carbon price in isolation. In reality, the world is decarbonizing, and many 

Figure 25. Total additional revenue compared 
to BAU 

Figure 26. Variation in annual GDP growth in the 
period to 2040 

 
 

Source:  World Bank analysis.  

Figure 27. Total exports in 2030, compared to BAU 

 
Source:  World Bank analysis 
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countries have already implemented ambitious climate policies.  Further, a number of countries, including 

the EU, are considering the use of a Carbon Border Adjustment Mechanism (CBAM), which would 

effectively add a charge to certain emissions-intensive products exported to the EU, reflective of the 

product’s emissions intensity.lxvii This is important given that the 80 percent of  North Macedonia’s exports 

go to the EU (and over 60 percent of imports are from the EU).27 The proposed CBAM design will be 

released later this year, but its introduction means that North Macedonia’s industry, and the economy 

more broadly, is exposed to price and trade impacts if businesses are not able to adjust to operating in a 

carbon constrained international market place. Broadly speaking, the introduction of a CBAM will make 

North Macedonia’s emissions-intensive exports relatively more expensive. It will potentially reduce 

exports to the EU, reduce GDP and reduce revenue. A carbon price can help manage this risk by providing 

an early price signal to domestic industry to improve efficiency and reduce emissions intensity. This will 

help North Macedonia industry compete with EU producers and other exporting countries. To illustrate 

this, modeling investigated the potential impacts of a CBAM and the potential for a domestic carbon price 

to mitigate negative impacts. Because the modelling only focused on a narrow subset of emissions-

intensive products28, the direct impacts were relatively small (approximately 15% of the total export 

basket are subject to a CBAM). However, modelling highlights that the introduction of a CBAM would 

slightly reduce exports, GDP and revenue (Figure 28).  

Figure 28. Impact on exports, GDP and revenues with CBAM 

 
Source:  World Bank analysis. 

Note that the modeling formulation implies that a domestic carbon tax will offset the CBAM. While this is 

probably unrealistic given that the offsetting is most likely to materialize via a reduction in emissions 

intensity, the results point to several advantages of a domestic carbon price in North Macedonia in the 

presence of a CBAM. Under a CBAM the government does not collect any revenues – these fees are 

collected by the trade partner (e.g. the EU). By implementing a carbon price, the Government can collect 

this revenue that otherwise would have gone to the EU. If North Macedonia is unable to shift exports to 

other regions, the loss in exports will entail a permanent decrease in competitiveness (the inability to shift 

 
27 Based on 2019 UN Comtrade data from World Integrated Trade Solution data, http://wits.worldbank.org  
28 Commodities assumed to be covered by an EU CBAM in the analysis are oil, ferrous metals, non-ferrous metals, 
chemical products, paper products, and non-metallic minerals. 
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will imply search costs for new trade partners, different costs due to shipping to regions that are further 

away geographically compared to EU partners – in many cases acting as a non-tariff barrier). 

As highlighted in section 5.2, an advantage of pricing pollution is the ability to raise revenue in an 

efficient manner. Further, section 6.2 (specifically see Box 7) highlights the potential options for revenue 

use, noting that the additional revenue collected from a carbon tax can be used to achieve various 

objectives. As with all fiscal decisions, there are complexities, and competing priorities. Trade-offs need 

to be made between objectives when choosing how to spend tax revenue, for example the government 

may: 

• Reduce debts and in the process benefit from lower interest repayments and also lower 

borrowing costs.  

• Transfer the funds to households directly – either doing so in a progressive manner where the 

majority of funds are transferred to lower income households, or on a universal basis where 

each household receives an equivalent compensation.  

• Reduce other more distortive taxes (such as income taxes) during the transition period.  

The economic impact of carbon taxes is conditional on the revenue policy options exercised by 

government. To test the potential impacts of different revenue uses modeling simulated three different 

policy options to highlight the economic responses assuming 100% of the ex-ante carbon revenues are: 

1. Used to offset reductions to personal income taxes.  

2. Allocated to government savings. 

3. Invested into research and development (R&D). This simulation follows Van der Mensbrugghe 

(2018) and Peszko (2020)lxviii using R&D as a means of promoting the accumulation of human 

capital (e.g. through education and training), which translates into productivity spillovers.29  

The results illustrate the various trade-offs between the policies, noting using carbon revenue to offset 

low-income households is discussed in section 6.3.5. The emissions outcomes are similar for all revenue 

uses. Spending on human capital has the greatest GDP spillovers (Figure 29).  

Figure 29. Impact on emissions and GDP across revenue use options 

 
Source:  World Bank analysis. 

 
29 The elasticity of productivity with respect to knowledge accumulation is 0.3, meaning a 1% increase in 
knowledge accumulation translates to a 0.3% increase in productivity. 
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However, reducing income taxes generates the largest decrease in unemployment rates, while using the 

funds to reduce debt has the largest budgetary responses (Figure 30). Thus, carbon policy design can be 

matched to specific national objectives (be it reducing debts, reducing unemployment or generating 

GDP). 

Figure 30. Impact on unemployment and budget balances across revenue use options 

 
Source:  World Bank analysis. 

6.3.5. Distributional impacts 
The impacts of carbon pricing are often not evenly distributed across households. Households will 

generally experience different direct 

impacts (e.g. higher energy prices) and 

indirect impacts (e.g. inflation on non-

energy products), depending on relative 

consumption patterns. Ultimately, the 

magnitude of the impact of a carbon price 

on specific household groups will depend on 

the relative proportion of household income 

that is spent on energy (and energy-

intensive) products. The risk of negative 

distributional outcomes is greater when low 

income groups have a higher reliance on 

fossil-based energy.lxix  As highlighted in section 6.2.1, the 2019 North Macedonia Household Budget 

Survey data30 indicates that the lowest income households tend to spend a lower proportion of income 

on energy (and electricity) (see Appendix B). A distributional analysis of the impacts of a carbon price, 

using the Carbon Price Adjustment Tool (CPAT) based on the Household Budget Survey data, indicates 

that, based on historical expenditure patterns, a carbon price is marginally progressive in North 

Macedonia. That is, consumption reductions as a result of introducing a carbon price are lower for the 

poorest households than for higher income households (Figure 31). However, noting the potential short-

term burden of price increases on low-income households, to the Government may want to consider 

 
30 Technical details of how the imputation of energy consumption for zero-energy reporting households in the HBS 
2019 has been implemented is shown in Annex 2. 

Figure 31. Relative mean consumption effect in 2025 

 
Source:  World Bank analysis 
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compensating those households. For example, some revenue raised can be returned to households 

through cash transfers. It is estimated that under the high carbon price scenario, less than half of the 

revenue raised from the broader reforms would be required to fully offset the impact of the carbon price 

on the bottom 40% of households. Alternatively, households could be compensated through income tax 

reductions. As described above, a reduction in personal income tax rates marginally improves 

employment outcomes (unemployment rate is about 0.5% lower than BAU) and GDP tracks more closely 

to BAU (although annual growth rates are almost identical under all scenarios). However, Cash transfers 

provide a more direct benefit to low-income households. For each of these approaches, introducing a 

carbon price would continue to yield similar emissions benefits but the amount of revenue available for 

other purposes is reduced either through forgone income tax revenue, or through increased expenditures 

(in the form of the cash transfer).  

7. List of Policy Findings 

Policy Finding 1: Use the excise system to introduce pollution pricing, so that fuel prices reflect their 

relative environmental damage  

Policy Finding 2: Bring base excise rates of diesel closer to the rate for petrol before or when applying 

pollution pricing.  

Policy Finding 3: Provide a rebate for fuel used as a feedstock 

Policy Finding 4: Introduce reforms through a staged approach 

Policy Finding 5: Update tariffs to be consistent across fuels and end subsidies to coal-fired electricity 

(i.e. through state loan guarantees) in order to prevent distortion or dilution of the price signal 

provided through the excise system (or other environmental policies)  

Policy Finding 6: Use a portion of the environmental tax revenue to compensate low-income households 

Policy Finding 7: Implement a rebate system for larger stationary sources to recognize existing air 

pollution controls and to incentivize new controls 

Policy Finding 8: Retain existing premium support scheme for renewable energy sources in the short-

medium term to promote investment certainty, but evaluate its role over time.  

Policy Finding 9: Consider complementary measures that, in conjunction with the proposed tax reform, 

will support decarbonization and air quality improvements across the economy.  

8. Way Forward 

This paper proposes a direction for environmental taxation in North Macedonia, outlines some of the 

benefits and challenges of the transition it will help create; suggests key elements of the broader policy 

mix that will be needed to help ensure a prosperous and smooth transition; and provides an assessment 

of the economic, social and environmental impacts for several carbon pricing policy scenarios. While an 

important first step, further work is needed to progress environmental taxation and develop a roadmap 

for implementation. Next steps for the authorities could include: 

• Closer examination of the complex interactions in the power sector, such as the potential changes 

in energy sources, the potential to import electricity and what is the source and associated 

emissions intensity of imported electricity. 
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• Detailed policy design work on environmental taxation to identify and analyze preferred options 

for tax rates, support for those most affected, application of rebates, and how implementation 

may be staged over time, among other elements.  

• Consideration could be given to broadening the scope of the work beyond fuels, to include, for 

example, the environmental tax reform to address water pollution and waste. Further work could 

also be undertaken to understand the broader policy suite beyond taxation needed to support 

sustainable transportation and the transition to cleaner power. 

• Work across ministries to promote policy alignment. Important complementary policies will be 

managed by other ministries, potentially including programs funded by environmental taxes. 

• Develop an implementation plan including approach to legislative change and institutional 

arrangements. 

• Develop a communications strategy to help garner support for the reform.  
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Appendix A: Description of the World Bank’s Macroeconomic and 

Fiscal Model (MFMod) with Climate Policy Modules 
 

The modeling framework is based on the World Bank’s Macro-Fiscal Model (MFMod) (Burns et al., 

2019). Several extensions were made to introduce climate policy, which include:  

• A top-down modeling of energy demand is split between hydrocarbons and renewables in a 

nested constant elasticity of substitution framework. A carbon tax drives a wedge between fossil 

fuel prices and renewables, leading to a substitution away from fossil fuels to renewables and 

hence a change in the energy mix. The energy block is split into electricity and non-electricity. 

The model accounts for direct fossil fuel emissions as well as the changes in pollution by tracking 

particulate matter (PM2.5). 

• Exports are split into several sub-categories to model the impact of a carbon border adjustment. 

North Macedonia loses export competitiveness if the EU imposes a border tax on exports with 

significant embedded carbon.  

• A rudimentary transport module is added to model the economic impact of equalizing the fuel 

levy. Number of vehicles by fuel type and the passenger kilometers traveled are explicitly 

modeled. 

1. Describing the climate interactions in the model 
A bird’s eye view of the model is depicted in Figure 1. MFMod’s long-run is anchored on Neo-classical 

principles where households make intertemporal choices based on a budget constraint and firms 

minimize profits. The components of GDP are explicitly modeled from the expenditure, income and 

production side. The model has a balanced growth path that links real growth components to that of 

real potential GDP growth, which is a function of structural employment, the capital stock and total 

factor productivity. 

Figure A32: Modeling interactions 

 

Source: Author’s elaboration 
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The next sections summarize the additional modules in MFMod. 

2. The energy-emissions block 

2.1. Energy consumption 
Total consumption is split into a composite energy good and a composite non-energy good, using a nested 

constant elasticity of substitution framework. This provides three nests for consumption: (i) the split of 

consumption into energy and non-energy, (ii) the split of energy into electricity and non-electricity and 

(iii) the split of electricity and non-electricity into specific energy sources (oil, coal, natural gas, and 

renewables). Since energy sources are imperfect substitutes, we can either model consumption as an 

almost ideal demand system or as a constant elasticity of substitution (CES) framework. We follow the 

latter. 

 

 

 

 

 

 

 

 

 

 

The first nest is between real energy (𝐶𝐸,𝑡
𝐾𝑁) and real non-energy (𝐶𝑂𝑇𝐻,𝑡
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𝐶𝐸,𝑡
𝐾𝑁 = (𝜔𝐸

𝐶𝑜𝑛)
𝜎1 (

𝑃𝑡
𝐶,𝑋𝑁

𝑃𝐸,𝑡
𝐶,𝑋𝑁)

𝜎1

𝐶𝑡
𝐾𝑁 

𝐶𝑂𝑡ℎ,𝑡
𝐾𝑁 = (𝜔𝑂𝑡ℎ

𝐶𝑜𝑛)
𝜎1 (

𝑃𝑇,𝑡
𝐶,𝑋𝑁

𝑃𝑂𝑡ℎ,𝑡
𝐶,𝑋𝑁)

𝜎1

𝐶𝑡
𝐾𝑁 

The substitution between energy and non-energy is thus dependent on the elasticity of substitution (𝜎1). 

The corresponding variables in current value are simply the prices multiplied by its real consumption 

values. 

𝐶𝐸,𝑡
𝐶𝑁 = 𝑃𝐸,𝑡

𝐶,𝑋𝑁 ∗ 𝐶𝐸,𝑡
𝐾𝑁 

Consumption 

Energy Other 

Electricity Non-electricity 

Oil Coal Gas Renewable

s 

Oil Coal Gas Renewable

s 

𝜎1 

𝜎2 

𝜎3 𝜎4 
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𝐶𝑂𝑡ℎ,𝑡
𝐶𝑁 = 𝑃𝑂𝑡ℎ,𝑡

𝐶,𝑋𝑁 ∗ 𝐶𝑂𝑡ℎ,𝑡
𝐾𝑁  

Next, electricity and non-electricity is derived from total energy consumed. The first order conditions are: 

𝐶𝐸𝑙𝑒𝑐,𝑡
𝐾𝑁 = 𝛽𝐸𝑙𝑒𝑐

𝜎2 (
𝑃𝐸,𝑡

𝐶,𝑋𝑁

𝑃𝐸𝑙𝑒𝑐,𝑡
𝐶,𝑋𝑁 )

𝜎2

𝐶𝐸,𝑡
𝐾𝑁 

𝐶𝑂𝐸,𝑡
𝐾𝑁 = 𝛽𝑂𝐸

𝜎2 (
𝑃𝐸,𝑡

𝐶,𝑋𝑁

𝑃𝐸,𝑡
𝐶,𝑋𝑁)

𝜎2

𝐶𝐸,𝑡
𝐾𝑁 

With energy prices being an aggregate of electricity and other energy prices: 

𝑃𝐸,𝑡
𝐶,𝑋𝑁 = [𝑏1

𝜎2𝑃𝐸𝑙𝑒𝑐,𝑡
𝐶,𝑋𝑁 1−𝜎2

+ 𝑏1
𝜎𝑃𝑂𝐸,𝑡

𝐶,𝑋𝑁1−𝜎2
]

1
1−𝜎

 

The CES nest is completed by writing out the consumption of each commodity type. Optimal consumption 

is: 

𝐶𝐸𝑙𝑒𝑐,𝑘,𝑡
𝐾𝑁 = 𝑎1𝑘

𝜎3 (
𝑃𝐸𝑙𝑒𝑐,𝑡

𝐶,𝑋𝑁

𝑃𝐸𝑙𝑒𝑐,𝑘,𝑡
𝐶,𝑋𝑁 )

𝜎3

𝐶𝐸𝑙𝑒𝑐,𝑡
𝐾𝑁  

𝐶𝑂𝐸,𝑘,𝑡
𝐾𝑁 = 𝑎2𝑘

𝜎4 (
𝑃𝑂𝐸,𝑡

𝐶,𝑋𝑁

𝑃𝑂𝐸,𝑘,𝑡
𝐶,𝑋𝑁 )

𝜎4

𝐶𝑂𝐸,𝑡
𝐾𝑁  

Where commodity type 𝑘 = 𝑐𝑜𝑎𝑙, 𝑜𝑖𝑙, 𝑔𝑎𝑠, 𝑟𝑒𝑛𝑒𝑤𝑎𝑏𝑙𝑒𝑠.  

Total prices for electricity and other energy is: 

𝑃𝐸𝑙𝑒𝑐,𝑡
𝐶,𝑋𝑁 = [∑ 𝑎1𝑘

𝜎3 𝑃𝐸𝑙𝑒𝑐,𝑘,𝑡
𝐶,𝑋𝑁 1−𝜎3

𝑘

]

1
1−𝜎3

 

𝑃𝑂𝐸,𝑡
𝐶,𝑋𝑁 = [∑ 𝑎2𝑘

𝜎4 𝑃𝑂𝐸,𝑘,𝑡
𝐶,𝑋𝑁 1−𝜎4

𝑘

]

1
1−𝜎4

 

 

2.2. Energy imports as the residual 
The import of energy source 𝑘 is the residual once consumption and domestic production are determined, 

𝑀𝑘,𝑡
𝐾𝑁 = 𝐶𝑘,𝑡

𝐾𝑁 − 𝑌𝑘,𝑡
𝐾𝑁 

𝑀𝑘,𝑡
𝐶𝑁 = 𝐶𝑘,𝑡

𝐶𝑁 − 𝑌𝑘,𝑡
𝐶𝑁 

Total energy imports are the sum of imports of commodity 𝑘: 

𝑀𝐸,𝑡
𝐾𝑁 = ∑ 𝑀𝑘,𝑡

𝐾𝑁

𝑘
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𝑀𝐸,𝑡
𝐶𝑁 = ∑ 𝑀𝑘,𝑡

𝐶𝑁

𝑘

 

The value of other imports is obtained from the quantity and price of other imports, 

𝑀𝑂𝑡ℎ,𝑡
𝐶𝑁 = 𝑀𝑂𝑡ℎ,𝑡

𝐾𝑁 ∗ 𝑃𝑂𝑡ℎ,𝑡
𝑀,𝑋𝑁. 

The value of total imports is then given as the sum of the two components, 

𝑀𝑡
𝐶𝑁 = 𝑀𝐸,𝑡

𝐶𝑁 + 𝑀𝑂𝑡ℎ,𝑡
𝐶𝑁 . 

2.3. The production block 
GDP from the production side (GDP at factor costs) equals the sum of agriculture (𝑌𝐴𝐺𝑅,𝑡

𝐾𝑁 ), services 

(𝑌𝑆𝑅𝑉,𝑡
𝐾𝑁 ), non-energy industry (𝑌𝐼𝑁𝐷,𝑡

𝐾𝑁 ) and energy value-added (𝑌𝐸,𝑡
𝐾𝑁), 

𝑌𝐹𝐶𝑆𝑇,𝑡
𝐾𝑁 = 𝑌𝐴𝐺𝑅,𝑡

𝐾𝑁 + 𝑌𝑆𝑅𝑉,𝑡
𝐾𝑁 + 𝑌𝐼𝑁𝐷,𝑡

𝐾𝑁 + 𝑌𝐸,𝑡
𝐾𝑁 

Adding net indirect taxes less subsidies (𝑁𝐼𝑇𝑡
𝑗
) to GDP at factor costs equals GDP at market prices (derived 

as the sum of Consumption, investment, exports less imports), 

𝑌𝑡
𝑗

= 𝑌𝐹𝐶𝑆𝑇,𝑡
𝑗

+ 𝑁𝐼𝑇𝑡
𝑗
 

An important modeling consideration is the mapping of demand and supply components to value-added. 

Ideally one would model the factor input choices in each sector. To do this requires data on labor, capital, 

rental rates and wages on a sectoral level. Unfortunately, timeseries data for these series are typically not 

available for most countries31. Many macrostructural models neglect this part of the model by either 

omitting the value-added block entirely or by writing this block as reduced forms, with an identity 

determining the level of each sector.  

In the current model, given differences in the energy consumption of different economic sectors and the 

importance of price signals to production decisions a detailed economic modelling of decision making at 

the sectoral level is desirable.   

The model uses data from the input-output (IO) table which provides more detailed about intermediate 

demand between sectors and the composition of final demand across sectors.  The IO table maps the 

different intermediate products (notably energy projects) used to produce the goods and services that 

comprise final demand.  By using the technical coefficients from this table (how many units of electricity 

and coal are needed to produce a unit of transportation) and time series data for final demand and 

aggregate sectors, we are able to generate pseudo time series for the intermediate demands of each 

sector (assuming that the technology of production is constant over time).  

The technical relationships between elements of final demand and sectors of production that are 

summarized by the IO table are illustrated in the following diagram, which focuses on a single sector i. 

 

 

 
31 In CGE models, a single point in time estimate is required, with other time periods generated by the model, with no assurance that they are 

actually equal to the unrecorded historical values (or different from the historical data in cases where they do exist).  
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Effectively one unit of demand for exports will imply 𝛼𝑖,𝑋 units of final demand for the output of sector I, 

which in turn would generate 𝛼𝑖,𝑋 ∗  𝛼𝑗,𝑖 units of intermediate demand for the output of each sector j. In 

this way each component of expenditure GDP is shared out to individual sectors. E.g. the exports of sector 

𝑖 are written as the share of total exports, given by 𝛼𝑖,𝑋. It is important that ∑ 𝛼𝑖,𝑋𝑖 = 1, such that all of 

exports are shared out. Imports are given by 𝑀. The intermediate goods supplied to and demanded from 

the other sectors is denoted as 𝐼𝑁𝑇𝑆 and 𝐼𝑁𝑇𝐷, respectively. In addition, sector 𝑖 supplies government 

consumption 𝐺, investment goods 𝐼 and consumption goods 𝐶. Value added (𝑉𝐴) and indirect taxes (𝜏𝑁𝐼𝑇) 

correspond to the value of capital and labor provided by households (or equal to GDP from the income 

side, although without capital and labor data, respectively). The equations for total source (on the left of 

the equation) and total use (on the right of the equation) with the equilibrium condition of Supply = 

Demand imposed of can be written as,  

𝑉𝐴𝑖 + 𝛼𝑖,𝜏𝜏𝑁𝐼𝑇 + 𝛼𝑖,𝑀𝑀 + 𝛼𝑖,𝐼𝑁𝑇𝐷𝐼𝑁𝑇𝐷 = 𝛼𝑖,𝐶𝐶 + 𝛼𝑖,𝐼𝐼 + 𝛼𝑖,𝐺𝐺 + 𝛼𝑖,𝑋𝑋 + 𝛼𝑖,𝐼𝑁𝑇𝑆𝐼𝑁𝑇𝑆 . 

For the purposes of this model there is no need to include all the intermediate demands generated for 

each final demand (the number of variables expands by the number of sectors and for each price, quantity 

and value equivalents). Instead we focus on the intermediate demands for energy from each sector but 

lump together all other intermediate demands. As is customary in CGE models, we assume a Leontief 

technology (fixed ratio) for intermediate demands, which implies that the share of intermediate supply / 

supply is constant over the policy and forecast horizons.  Define:  

𝛽𝑖≠𝐸𝑛𝑒𝑟𝑔𝑦 =
𝐼𝑁𝑇𝑖,𝑛𝑜𝑛−𝑒𝑛𝑒𝑟𝑔𝑦

𝐷

𝑉𝐴𝑖
 = share of non-energy intermediate goods in total inputs for sector i 

𝛾𝑖 =
𝛼𝑖,𝐼𝑁𝑇𝑆𝐼𝑁𝑇𝑆

𝛼𝑖,𝐶𝐶+𝛼𝑖,𝐼𝐼+𝛼𝑖,𝐺𝐺+𝛼𝑖,𝑋𝑋
 = share of use of goods I as intermediate inputs in total uses 

𝜁𝑖 =
𝐼𝑁𝑇𝑖,𝑒𝑛𝑒𝑟𝑔𝑦

𝐷

𝑉𝐴𝑖
 = share of energy inputs in total inputs for sector i 

Note that 𝐼𝑁𝑇𝑖,𝑒𝑛𝑒𝑟𝑔𝑦
𝐷 + 𝐼𝑁𝑇𝑖,𝑛𝑜𝑛−𝑒𝑛𝑒𝑟𝑔𝑦

𝐷 = 𝛼𝑖,𝐼𝑁𝑇𝐷𝐼𝑁𝑇𝐷 

With this, we can write value added as 

𝑉𝐴𝑖
𝑠𝑖𝑚𝑢𝑙 =

((1 + 𝛾𝑖)(𝛼𝑖,𝐶𝐶 + 𝛼𝑖,𝐼𝐼 + 𝛼𝑖,𝐺𝐺 + 𝛼𝑖,𝑋𝑋) − 𝛼𝑖,𝜏𝜏𝑁𝐼𝑇 − 𝛼𝑖,𝑀𝑀)

(1 + 𝛽𝑖 + 𝜁𝑖)
. 

𝛼𝑖,𝐼𝑁𝑇𝐷𝐼𝑁𝑇𝐷 

𝑉𝐴𝑖 + 𝛼𝑖,𝜏𝜏𝑁𝐼𝑇 𝛼𝑖,𝐶𝐶 

𝛼𝑖,𝐼𝑁𝑇𝑆𝐼𝑁𝑇𝑆 

𝛼𝑖,𝑀𝑀 

𝛼𝑖,𝑋𝑋 

𝛼𝑖,𝐺𝐺 𝛼𝑖,𝐼𝐼 

Government Households 

Sector i Other sectors Foreign countries 
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The equation above connects each industry’s value-added to the demand side of the economy. Thus, 

simulations that affect demand will be passed onto industry value-added.  

In the year of the SAM by construction 𝑉𝐴𝑖,𝑡=𝑆𝐴𝑀
𝑠𝑖𝑚𝑢𝑙 = 𝑌𝑖,𝑡=𝑆𝐴𝑀

𝑁𝐼𝐴 , but in other years the relationship will not 

hold exactly, due to changing patterns of demand that would shift weights. However, these time varying 

weights are not available.  

The modeling estimates the income and price affects using the sector share (𝜔𝑡
𝑖 ), which is a function of 

income (the demand equation above) and relative prices: 

𝜔𝑡
𝑖 = 𝑔 (𝑉𝐴𝑖,𝑡

𝑠𝑖𝑚𝑢𝑙 ,
𝑃𝑖,𝑡

𝑋𝑁

𝑃𝑡
𝐹𝐶𝑆𝑇) 

Value added in Industry is: 

𝑌𝑖,𝑡
𝐾𝑁 = 𝜔𝑡

𝑖 ∗ 𝑌𝐹𝐶𝑆𝑇,𝑡
𝐾𝑁  

𝑌𝑖,𝑡
𝐶𝑁 = 𝑌𝑖,𝑡

𝐾𝑁 ∗ 𝑃𝑖,𝑡
𝑋𝑁 

 

3. Mapping commodity quantities to value-added activity 
In the model, the nominal market value of each fuel type produced is given by 

�̂�𝑘,𝑡
𝐶𝑁 = 𝑄𝑘,𝑡 ∗ 𝐹𝑋𝑡(𝑃𝑘,𝑡

𝑈𝑆𝐷 ∗ 𝛽𝑘 + 𝜏𝑡
𝑘 ∗ 𝛼𝑘). 

where �̂�𝑘,𝑡
𝐶𝑁 is the amount paid by the firm when purchasing the energy source , and 𝑄𝑘,𝑡 represents the 

physical quantity produced (and sold) in kilotons of oil equivalent (ktoe). The remainder of the expression 

reflects the market price of energy in local currency and is  the product of the exchange rate and the 

international market price in USD in barrels, or cubic meters multiplied by a conversion factor 𝛽𝑘 (which 

converts the USD price per commodity unit (say Barrel) to a USD price per ktoe). The final expression 

reduces (or increases) the international price by the amount of the implicit subsidy (or carbon tax). Where 

the carbon tax /subsidy rate (𝜏𝑡
𝑘) is in USD per ktoe of CO2. where 𝛼𝑘 converts the commodity quantity 

into ktoe of carbon.  

Since the prices above are inclusive of taxes and subsidies, they are consistent with the market price 

deflators of national accounts, as opposed to factor-price deflators. We write output measured in this way 

with a superscript hat to differentiate it from sectoral value added and output at factor costs, which is 

typically produced in the national accounts. Gross output at factor cost should be given by  

𝑌𝑘,𝑡
𝐶𝑁 = �̂�𝑘,𝑡

𝐶𝑁 ∗ (1 − 𝜏𝑡
𝑘 ∗ 𝛼𝑘  ) − 𝛼𝐸,𝜏𝜏𝑁𝐼𝑇 

 

 

And factor cost value added should be given by: 

𝑌𝐸,𝑡
𝐶𝑁 = ∑ �̂�𝑘,𝑡

𝐶𝑁

𝑘

− (𝜁𝐸 + 𝛽𝐸)𝑉𝐴𝐸
𝐶𝑁 − 𝛼𝐸,𝑀𝑀 
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Where (𝜁𝐸 + 𝛽𝐸) is the sum of the weights of all intermediates used in the energy sector, and 𝛼𝐸,𝜏𝜏𝑁𝐼𝑇 −

𝛼𝐸,𝑀𝑀 reflects net indirect taxes and imports of each energy type.   

In practice, the factor cost value of sectoral output calculated in this way does not correspond exactly to 

the value-added data reported in the national accounts.   

To reconcile the data the factor cost value added equation is written as follows: 

To harmonize the two data sources, we calculate following scaling factor: 

𝛾𝑡
𝐶𝑁 =

𝑌𝐸,𝑡
𝐶𝑁

∑ �̂�𝑘,𝑡
𝐶𝑁

𝑘 − (𝜁𝐸 + 𝛽𝐸)𝑉𝐴𝐸
𝐶𝑁 − 𝛼𝐸,𝜏𝜏𝑁𝐼𝑇 − 𝛼𝐸,𝑀𝑀

 

 

An exact match will thus be enforced by setting 

𝑌𝑘,𝑡
𝐶𝑁 = 𝛾𝑡

𝐶𝑁 ∗ (∑ �̂�𝑘,𝑡
𝐶𝑁

𝑘

− (𝜁𝐸 + 𝛽𝐸)𝑉𝐴𝐸
𝐶𝑁 − 𝛼𝐸,𝜏𝜏𝑁𝐼𝑇 − 𝛼𝐸,𝑀𝑀). 

 

In the forecast period 𝛾𝑡
𝐶𝑁 is typically held constant. 

 

The preliminary price index (based in 2005) for each fuel type (the 𝑋𝑁 variable in MKDMod mnemonics) 

is given by 

�̂�𝑘,𝑡
𝑋𝑁 =

(𝐹𝑋𝑡 ∗ 𝑃𝑘,𝑡
𝑈𝑆𝐷 ∗ 𝛽𝑘 + 𝜏𝑡

𝑘 ∗ 𝛼𝑘)

(𝐹𝑋2005 ∗ 𝑃𝑘,2005
𝑈𝑆𝐷 ∗ 𝛽𝑘 + 𝜏2005

𝑘 ∗ 𝛼𝑘)
. 

 

The national accounting parts of MKDMod records quantities not in physical units (such as ktoe), but in 

constant prices. A similar scaling factor is used to reconcile the modelled NIA volume data. 

Modelled volumes are given by: 

�̂�𝐾𝑁
𝑘,𝑡 =

�̂�𝑘,𝑡
𝐶𝑁

�̂�𝑘,𝑡
𝑋𝑁

. 

For the �̂�𝑘,𝑡
𝐾𝑁 we also need to calculate a scaling factor, 

𝛾𝑡
𝐾𝑁 =

𝑌𝐸,𝑡
𝐾𝑁

∑ �̂�𝑘,𝑡
𝐾𝑁 − (𝜁𝐸 + 𝛽𝐸)𝑉𝐴𝐸

𝐶𝑁 − 𝛼𝐸,𝜏𝜏𝑁𝐼𝑇 − 𝛼𝐸,𝑀𝑀𝑘

. 

Using the scaling factors, we obtain the “harmonized” data for the energy sources, 

𝑌𝑘,𝑡
𝐾𝑁 = 𝛾𝑡

𝐾𝑁 (∑ �̂�𝑘,𝑡
𝐾𝑁 − (𝜁𝐸 + 𝛽𝐸)𝑉𝐴𝐸

𝐶𝑁 − 𝛼𝐸,𝜏𝜏𝑁𝐼𝑇 − 𝛼𝐸,𝑀𝑀

𝑘

). 

Using the current and constant value for each energy source, we obtain the NIA price index as 

𝑃𝑘,𝑡
𝑋𝑁 =

𝑌𝑘,𝑡
𝐶𝑁

𝑌𝑘,𝑡
𝐾𝑁. 
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The production by energy types does not have an exact correspondence in the IO table. The link is thus 

created by mapping the energy types to the energy sector. 

The IO contains four energy related product categories, as listed in the table below. 

Sector Sub-sector Product 
Manufacturing Mining Coal and Lignite; and Peat 

Manufacturing Mining Crude Petroleum and Natural Gas (Distribution through Main) 
Manufacturing Manufacturing Electricity, Town Gas, Steam, and Hot Water and Natural Water 
Manufacturing Manufacturing Coke Oven Products; Refined Petroleum Products; and Nuclear 

Fuel 
 

The supply and use tables show that the two mining sectors sell their output mostly to the refining sector. 

We thus consider the bottom two sectors from the table as the energy sector for the purpose of this 

project. Total value added will thus be given by 

𝑌𝐹𝐶𝑆𝑇
𝐾𝑁 = 𝑉𝐴 = 𝑌𝐴𝐺𝑅,𝑡

𝐾𝑁 + 𝑌𝑆𝑅𝑉𝑡
𝐾𝑁 + 𝑌𝐼𝑁𝐷,𝑡

𝐾𝑁 + 𝑌𝐸,𝑡
𝐾𝑁 , 

Which correspond to agriculture (AGR), services (SRV), non-energy manufacturing (MNF(Oth)), and 

“energy” (ENE). The energy sector uses fossil fuels and renewables so that we obtain the following nested 

CES structure. 

 

 

 

 

 

 

 

 

The mapping from demand to activities imply that energy is determined from a top-down approach. 

3.1. Accounting for fiscal revenues due to a carbon tax   
Total revenues (𝑇𝑡

𝑇) are the sum of direct revenues (𝑇𝑡
𝐷𝑅𝐶𝑇), value-added taxes (𝑇𝑡

𝑉𝐴𝑇), customs duties 

(𝑇𝑡
𝑀), fossil fuel taxes (𝑇𝑡

𝐹𝑜𝑠𝑠𝑖𝑙) and electricity tariffs (𝑇𝑡
𝐸𝑙𝑒𝑐) and other revenues (𝑇𝑡

𝑂𝑇𝐻): 

𝑇𝑡
𝑇 = 𝑇𝑡

𝐷𝑅𝐶𝑇 + 𝑇𝑡
𝑉𝐴𝑇 + 𝑇𝑡

𝑀 + 𝑇𝑡
𝐹𝑜𝑠𝑠𝑖𝑙 + 𝑇𝑡

𝐸𝑙𝑒𝑐 + 𝑇𝑡
𝑂𝑇𝐻 

Each revenue component equals its effective tax rate multiplied by the tax base: 

𝑇𝑡
𝑖 = 𝜏𝑡

𝑖 ∗ 𝑇𝐵𝑡
𝑖  

Energy sector 

VA 

AGR SRV MNF (Oth) ENE 

Oil Gas Ren. Coal 
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The tax base for direct taxes is the sum of the formal private and public sector wage bill and the gross 

operating surplus. The tax base for VAT is nominal household and government consumption while nominal 

imports are the tax base for customs revenues.  

The combustion of fossil fuels generates both carbon dioxide (CO2) emissions and local air pollutants. 

MKDMod only tracks CO2 emissions from the burning of hydrocarbons (coal, oil and natural gas).  Other 

greenhouse gases are not tracked, nor are carbon emissions from biomass or other sources.  In addition 

to CO2 emissions from hydrocarbons the model also tracks air pollution (notably air-borne particulates) 

generated from the burning of hydrocarbons. 

3.2. Carbon emissions 
The value-added each energy type is given by 

𝑌𝑘,𝑡
𝐶𝑁 = 𝑌𝑘,𝑡

𝐾𝑁 ∗ 𝑃𝑘,𝑡
𝑋𝑁. 

The application of the scaling factor is reversed to get back to physical quantities. 

�̂�𝑘,𝑡
𝐶𝑁 =

𝑌𝑘,𝑡
𝐶𝑁

𝛾𝐶𝑁
. 

The physical quantity is then obtained by dividing the value with the price,  

𝑄𝑘,𝑡 =
�̂�𝑘,𝑡

𝑉𝑎𝑙𝑢𝑒

𝑓𝑥𝑡 ∗ 𝑃𝑘,𝑡
𝑈𝑆𝐷 ∗ 𝛽𝑘 + 𝜏𝑘 ∗ 𝛼𝑘

. 

Similarly, the quantities for imports are obtained, 

𝑄𝑘,𝑡
𝑀 =

𝑀𝑘,𝑡
𝐶𝑁

𝑓𝑥𝑡 ∗ 𝑃𝑘,𝑡
𝑈𝑆𝐷 ∗ 𝛽𝑘 + 𝜏𝑘 ∗ 𝛼𝑘

. 

 

Emissions per energy source is computed as the sum of energy production and imports (physical 

quantities) multiplied by the emissions factor. Total emissions then simply the sum of all emissions by 

type. 

𝐸𝑀𝑘,𝑡 = (𝑄𝑘,𝑡 + 𝑄𝑘,𝑡
𝑀 ) ∗ 𝛼𝑘 , 

𝐸𝑀𝑇,𝑡 = ∑ 𝐸𝑀𝑘,𝑡

𝑖

. 

Revenues from carbon taxation (where negative revenues are expenses for fossil fuel subsidies) are 

calculated using the bilateral exchange rate, the sum of emissions (which are in dollars) multiplied by the 

subsidy/tax rate. 

𝑇𝑡
𝐹𝑜𝑠𝑠𝑖𝑙 = 𝑓𝑥𝑡 ∗ (∑ 𝐸𝑀𝑘,𝑡

𝑘

∗ 𝜏𝑡
𝑘). 

3.3. Tracking air pollution from hydrocarbons 
Local air pollutants are an important health threat. According to the World Health Organization (WHO), 

every year, 4.2 million people die from outdoor air pollution and an additional 3 million from indoor air 
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pollution globally. Reducing local air pollutants is thus an important co-benefit of climate change 

mitigation (Rauner et al. 2020) and should be considered when assessing the net cost of climate policy. 

For example, the health benefits from reduced air pollution have been found to outweigh the cost of 

climate change mitigation in India (Markandya et al. 2009) and globally (Markandya et al. 2018). 

With respect to local air pollutants, in MKDMod we concentrate on the most important air pollutant, 

particulate matter (PM 2.5). IIASA’s GAINS model, provides a much more detailed modelling of air 

pollution (including from non-hydrocarbon sources), although without the fiscal and economic levers of 

the present model.32  

CO2 stays in the atmosphere for a long time and is decomposed only slowly over time. PM 2.5 by contrast 

does not accumulate in the atmosphere, because it settles to the ground a short time after emission. The 

concentration of PM 2.5 in the atmosphere thus strongly depends on recent emissions. Its harmfulness 

depends on wind patterns, the distance between emission sources and air quality within airsheds.33 For 

example, it makes a difference, whether fuels are combusted in power plants, transportation, crop 

burning, construction or in waste burning. 

While the CO2 emissions per fuel is a fuel-specific but global constant, such a constant does not exist for 

local air pollution. We thus use the data from the Carbon Pricing Assessment Tool (CPAT), see (World Bank 

2020), which calculates country-specific values for the pollutant intensity of fuel combustion from very 

detailed data. Note that NOx and SO2 are precursors of PM2.5, that means NOx and SO2 are emitted 

when fuels are burned and then they become PM2.5 in the air (Fantke et al. 2017; Humbert et al. 2011). 

These data distinguish, for example for five different types of liquid fuels, between emissions in different 

sectors and whether pollutants are emitted at ground level or from stacks.  

The pollution intensity for North Macedonia is set according to CPAT. For the liquid fuels we take a 

weighted average, 3.53E-04 ug/m3 per ktoe. This is assigned to oil, which represents liquid fuels in the 

model. 

The concentration of PM 2.5 pollution in North Macedonia due to the domestic burning of fossil fuels in 

the year 𝑡 will thus be calculated as 

𝐶𝑀𝐾𝐷,𝑡
𝑃𝑀2.5 = 𝐶𝑜𝑎𝑙𝑀𝐾𝐷,𝑡 ∗ 5.35𝐸−5

𝜇𝑔
𝑚3

𝑘𝑡𝑜𝑒
+ 𝐺𝑎𝑠𝑀𝐾𝐷,𝑡 ∗ 2.96𝐸−5

𝜇𝑔
𝑚3

𝑘𝑡𝑜𝑒
+ 𝑂𝑖𝑙𝑀𝐾𝐷,𝑡 ∗ 3.53𝐸−5

𝜇𝑔
𝑚3

𝑘𝑡𝑜𝑒
 

where 𝐶𝑜𝑎𝑙𝑃𝐴𝐾,𝑡, 𝐺𝑎𝑠𝑃𝐴𝐾,𝑡 and 𝑂𝑖𝑙𝑃𝐴𝐾,𝑡 are coal, oil and gas consumed in North Macedonia in year 𝑡, 

measured in ktoe. Notice that the total PM 2.5 pollution concentration in the country can be higher than 

tracked in the model due to additional emissions from natural sources, industrial processes other than 

combustion and pollution from foreign sources. 

3.4. Damages due to pollution: Working days lost 
According to Ostro (1987), working days lost attributable to pollution (𝑊𝐷𝐿𝑝𝑜𝑙𝑙𝑢𝑡𝑖𝑜𝑛) can be calculated as  

𝑊𝐷𝐿𝑝𝑜𝑙𝑙𝑢𝑡𝑖𝑜𝑛,𝑡 = 𝑃𝑜𝑝𝑀𝐾𝐷,𝑡
15𝑡𝑜64 ∗ 𝑃𝑒𝑟 𝑝𝑒𝑟𝑠𝑜𝑛 𝑊𝐷𝐿𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒 ∗ (1 − exp(−0.0046 ∗ 𝐶𝑀𝐾𝐷,𝑡

𝑃𝑀2.5)). 

 
32 https://iiasa.ac.at/web/home/research/researchPrograms/air/GAINS.html  
33 Air pollution can be transported over long distances due to wind and cloud chemistry. 

https://iiasa.ac.at/web/home/research/researchPrograms/air/GAINS.html
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Where 𝑃𝑜𝑝𝑀𝐾𝐷,𝑡
15𝑡𝑜64 is the population between ages 15 and 64.  

The methodology to estimate the health impacts of air pollution is based in (GBD 2017 Risk Factor 

Collaborators, 2018), which estimates jointly the effects of indoor and outdoor air pollution. For further 

details, please refer to (World Bank 2020b).  The methodology to estimate changes in air pollution is 

based, among others, (Y. Zhou et al. 2006; Humbert et al. 2011; Fantke et al. 2017; GBD 2017 Risk Factor 

Collaborators 2018), for further details, please refer to (World Bank 2020b). 

3.5. Damages due to pollution: Cause of death 
The number of deaths which can attributed to local air pollution can is expressed as a linear function, note 

where deaths due to air pollution are additional to working days lost. We write the number of deaths 

which can be attributed to local air pollution as 

𝐷𝑒𝑎𝑡ℎ𝑠𝑀𝐾𝐷,𝑡
𝑃𝑀2.5 = 𝑑𝑒𝑎𝑡ℎ𝑠 𝑝𝑒𝑟

𝜇𝑔

𝑚3
𝑝𝑒𝑟 𝑝𝑒𝑟𝑠𝑜𝑛 ∗ 𝑃𝑜𝑝𝑀𝐾𝐷,𝑡 ∗ (𝐶𝑀𝐾𝐷,𝑡

𝑃𝑀2.5 − 𝑡𝑚𝑟𝑒𝑙). 

The population in North Macedonia in year 𝑡, 𝑃𝑜𝑝𝑀𝐾𝐷,𝑡 is an exogenous variable derived from UN 

population projections, while pollution concentration, 𝐶𝑀𝐾𝐷,𝑡
𝑃𝑀2.5,  (expressed as 

𝜇𝑔

𝑚3) is derived endogenously 

as a function of economic activity. The theoretical minimum risk exposure level, 𝑡𝑚𝑟𝑒𝑙, for PM 2.5 is 

assumed to be uniformly distributed between 2.4 and 5.9 so that 𝑡𝑚𝑟𝑒𝑙 =
5.9+2.4

2
= 4.15 (GBD 2017 Risk 

Factor Collaborators 2018, Supplementary Appendix, page 73). We use 𝑑𝑒𝑎𝑡ℎ𝑠 𝑝𝑒𝑟
𝜇𝑔

𝑚3
𝑝𝑒𝑟 𝑝𝑒𝑟𝑠𝑜𝑛 as a 

parameter.  

3.6. Mapping working days lost to economic outcomes 
Pollution impacts the economy on the one hand by reducing the labor force due to pollution-related 

deaths, and reducing total labor supply (measured in hours worked) by the hours lost by those workers 

who suffer from pollution related disease but do not die. 

 

The labor force (𝐿𝐹𝑡) in North Macedonia depends on the participation rate (𝑃𝑅𝑡) and the working age 

population (𝑃𝑜𝑝𝑡
15+). 

𝐿𝐹𝑡 = 𝑃𝑅𝑡 ∗ 𝑃𝑂𝑃𝑡
1564, 

To account for reduced working days we introduce the notion of effective labor force and substitute this 

notion for the labor force in the standard MFMod system, where the effective labor force, 𝐿𝐹�̂�  is equal 

to the product of the normal labor force and the ratio of days of work lost to pollution/ divided by total 

working days (assumed to be 240). 

𝐿𝐹�̂�  = 𝐿𝐹𝑡 ∗ (1 −
𝑊𝐷𝐿𝑝𝑜𝑙𝑙𝑢𝑡𝑖𝑜𝑛,𝑡

𝑊𝐷𝑡
). 

The equation above will modify structural employment and hence potential GDP: 

𝑌𝑡
∗ = 𝐴𝑡𝐾𝑡

𝛼[(1 − 𝑈𝑁𝑅𝑡
∗)𝐿𝐹�̂�]

𝛽
𝑌𝐸,𝑡

𝐾𝑁𝛾
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4. The Carbon Border Adjustment Mechanism 

4.1. Commodities to be considered in the analysis 
The following commodities/sectors, with its emission intensities will be considered (see Pyrka et al., 2020): 

1. Oil [0.55 kg CO2 /USD] 

2. Ferrous metals [0.80 kg CO2 /USD] 

3. Non-ferrous metals [0.15 kg CO2 /USD] 

4. Chemical products [0.18 kg CO2 /USD] 

5. Paper products [0.15 kg CO2 /USD] 

6. Non-metallic minerals [0.65 kg CO2 /USD] 

4.2. Exports 

4.2.1. Export volumes 
Exports in constant price terms (𝑋𝑡

𝐾𝑁) are the sum of each commodity (𝑖) exported: 

𝑋𝑡
𝐾𝑁 = ∑ 𝑋𝑖,𝑡

𝑖

 

And each commodity type is a function (𝑓) of demand (𝑋𝑀𝐾𝑇) and relative prices (
𝑃𝑖,𝑡

𝑋

𝑃𝑡
𝑋): 

𝑋𝑖,𝑡 = 𝑓 (𝑋𝑀𝐾𝑇𝑖,𝑡 ,
𝑃𝑖,𝑡

𝑋

𝑃𝑡
𝑋 , ΩX) 

The equation above ensures that each commodity has different income elasticities and that they may be 

substitutes (i.e. written as the relative price of total exports). The degree of substitution depends on the 

parameter vector Ω𝑋. 

The foreign demand variable for commodity export 𝑖 can be written as: 

𝑋𝑀𝐾𝑇𝑡 = 𝛼𝑖 [∑ 𝛽𝑗
𝑖

𝑗

𝑀𝑗,𝑡
𝐾𝑁] 

Where 𝛽𝑗
𝑖 is the share of commodity 𝑖 that is exported to country 𝑗. As an example, the oil export share to 

country 1 is: 

𝛽1
𝑜𝑖𝑙 =

𝑋𝑜𝑖𝑙,1

∑ 𝑋𝑜𝑖𝑙,𝑗𝑗
 

The export market for cement is thus: 

𝑋𝑀𝐾𝑇𝑜𝑖𝑙,𝑡 = 𝛼𝑜𝑖𝑙[𝛽1
𝑜𝑖𝑙𝑀1,𝑡

𝐾𝑁 + 𝛽2
𝑜𝑖𝑙𝑀2,𝑡

𝐾𝑁 + ⋯ + 𝛽𝑁
𝑜𝑖𝑙𝑀𝑁,𝑡

𝐾𝑁] 

𝑋𝑀𝐾𝑇𝑐𝑒𝑚,𝑡 = 𝛽1
𝑜𝑖𝑙(𝛼𝑜𝑖𝑙𝑀1,𝑡

𝐾𝑁) + 𝛽2
𝑜𝑖𝑙(𝛼𝑜𝑖𝑙𝑀2,𝑡

𝐾𝑁) + ⋯ + 𝛽𝑁
𝑜𝑖𝑙(𝛼𝑜𝑖𝑙𝑀𝑁,𝑡

𝐾𝑁) 

∑ 𝛽𝑗
𝑜𝑖𝑙

𝑗

= 1 
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Note that 𝛼𝑖 is the share of total cement exports to total exports: 

𝛼𝑜𝑖𝑙 =
𝑋𝑜𝑖𝑙,𝑡

𝑋𝑡
 

∑ 𝛼𝑖

𝑖

= 1 

4.2.2. Export prices 
The price of commodity export 𝑖 is simply equal to the world price in local currency multiplied by an export 

tariff and the border carbon adjustment: 

𝑃𝑖,𝑡
𝑋 = 𝑃𝑖,𝑡

𝑊𝑜𝑟𝑙𝑑(1 + 𝜏𝑖,𝑡
𝐵𝐶𝐴 + 𝜏𝑖,𝑡

𝑋 )𝐹𝑋𝑡  

Note that an increase in the border tax is not an increase in revenues for the exporting country (the tax is 

applied to imports – it is thus a revenue for the importing country). However, since it makes the price of 

exports of commodity 𝑖 more expensive relative to aggregate commodity exports, the export quantities 

will fall.  

Total nominal exports are the sum product of volume and price of commodity 𝑖: 

𝑋𝑡
𝐶𝑁 = ∑ 𝑃𝑖,𝑡

𝑋

𝑖

𝑋𝑖,𝑡 

𝑃𝑡
𝑋 =

𝑋𝑡
𝐶𝑁

𝑋𝑡
𝐾𝑁  

4.3. The tax 
According to (Pyrka et al, 2020) we express the border cost adjustment as:34 

𝜏𝑖,𝑡
𝐵𝐶𝐴 =

𝐺𝐻𝐺𝑖,𝑡

𝑌𝑖,𝑡
𝐶𝑁  [𝑃𝐸𝑈𝐸𝑇𝑆

𝐺𝐻𝑆 − 𝑃𝑖,𝑡
𝐺𝐻𝑆] 

where  

• 𝐺𝐻𝐺𝑖,𝑡 is the greenhouse gas emission level of sector/commodity 𝑖  

• 𝑌𝑖,𝑡 is the output of sector 𝑖 (in our example it is total industry) 

• 𝑃𝐸𝑈𝐸𝑇𝑆
𝐺𝐻𝑆  is the market-based emissions allowance price in the EU ETS (EURO 20/t CO2)  

• 𝑃𝑖,𝑡
𝐺𝐻𝑆 is the carbon price incurred in the industry (which for North Macedonia is equal to zero for 

now) 

This specification is only an approximation. While the CBAM details are being ironed out, it is unlikely 

that a domestic carbon price will offset one to one the CBAM. It is more likely that the domestic carbon 

 
34 Alternatively, we write the price of carbon for exports as: 𝜏𝑖,𝑡

𝐵𝐶𝐴 = 𝐸𝑀𝑖 ∗ (
𝑌𝑖,𝑡

𝐶𝑁

𝑌𝑇,𝑡
𝐶𝑁) [𝑃𝐸𝑈𝐸𝑇𝑆

𝐺𝐻𝑆 ∗ 𝐹𝑋𝑡 − 𝑃𝑖,𝑡
𝐺𝐻𝑆 ∗ 𝐹𝑋𝑡], where 𝐸𝑀𝑖 is the emissions 

factor, 𝐸𝑀𝑖 ∗ (
𝑌𝑖,𝑡

𝐶𝑁

𝑌𝑇,𝑡
𝐶𝑁) is the emissions intensity of each sector and 𝑃𝐸𝑈𝐸𝑇𝑆

𝐺𝐻𝑆  is the dollar price per ton of carbon. The emissions factor is an 

exogenous variable. 
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policy will reduce embedded emissions, and this reduction results in a lower (or offsetting) cost to 

exporters. 

Note that 𝑌𝑖,𝑡 is total industry. Our emissions intensity ratio is expressed as: 

∑ 𝐺𝐻𝐺𝑖,𝑡𝑖

𝑄𝐼𝑁𝐷,𝑡
𝐶𝑁 =

(0.55 ∗ 𝑌𝑂𝐼𝐿
𝐶𝑁 + 0.8 ∗ 𝑌𝐹𝑀

𝐶𝑁 + 0.15 ∗ 𝑌𝑁𝐹𝑀
𝐶𝑁 + 0.18 ∗ 𝑌𝐶𝐻𝑀

𝐶𝑁 + 0.15 ∗ 𝑌𝑃𝐴𝑃
𝐶𝑁 + 0.65 ∗ 𝑌𝑁𝑀𝑀

𝐶𝑁 )

𝑌𝐼𝑁𝐷,𝑡
𝐶𝑁  

Note that the variables in the numerator are taken from the latest IO table.  
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Appendix B: Technical Note: Imputation of energy consumption for 

households in the HBS 2019 

This analysis35 assesses how severe is the problem of energy consumption underreporting due to the way 

the North Macedonian Household Budget Survey (HBS) is collected. The HBS is a nationally representative 

survey of about 2,500 households, which present a high-level disaggregated data on household 

expenditure, income, and a variety of other household characteristics. The survey also provides detailed 

information to analyze issues of energy affordability and allows for disaggregation of expenditures by 

energy source, the main objective of this note. Our analysis defines energy consumption as expenditures 

on electricity, gas, and other fuels, plus fuels and lubricants for personal transport equipment,36 and uses 

the information collected on the 2019 HBS. 

Household expenditures are collected using a 15-day journal in which respondents record their expenses 

on various goods and services. However, since households are visited at different times of the month by 

the statistical office, some expenditures like energy consumption are not recorded due to the nature of 

billing cycles. This technical note describes an imputation methodology for these missing values. The note 

validates the accuracy of the method under different assumptions and parameters and imputes energy 

consumption for households with missing information in the 2019 HBS. 

Figure 1. Demographics of the entire sample and the sample without zero-energy consumers, Percent  

 

Source: Own calculations from the 2019 HBS. 

 

 
35 This note was prepared by Andres Ham, Leonardo Lucchetti, Paul Andres Corral Rodas. Valuable comments were 

received from Sanja Madzarevic-Sujster, Viktor Mitevski, and Ira Dorband. 
36 Energy consumption must be constructed from disaggregated sources, since the HBS expenditure category includes 

imputed rentals for housing; maintenance, repair, and security of the dwelling; and water supply and miscellaneous 

services related to the dwelling. Specifically, we sum COICOP 4 categories 04.4 and 07.2.2 as aggregate energy 

consumption for households. 
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Figure 1 shows demographics for the sample of households who do report and do not report energy 

consumption in the 2019 HBS, while Table 1 compares these households using means tests. About 43% of 

the entire sample reports zero energy consumption (1,009 observations). On average, the figure shows 

that households who report energy consumption are somewhat similar to the sample with zero energy 

consumption. Both groups are similar in several demographic characteristics, although there are a many 

statistically significant differences in the age of household heads, gender composition, share of employed 

members, whether they receive social assistance, and composition by household income quintiles. Given 

this empirical result, we implement the LASSO-PMM approach, which accounts for the differences that 

exist between groups and can predict energy consumption for households that do not report energy 

expenditures.37 

Table 1. Composition of households with and without reported energy consumption 

      Energy consumption 

    
Entire 

sample 
Sample with zero 

energy consumption 
Sample with no zero-
energy consumption p-value 

Age of Head 

<30 0.5% 0.3% 0.9% 0.228 

30-49 28.4% 28.5% 28.4% 0.968 

50-64 39.1% 41.6% 35.8% 0.034 

>64 31.9% 29.6% 35.0% 0.037 

Gender 
Female 17.9% 14.2% 23.1% 0.000 

Male 82.1% 85.8% 76.9% 0.000 

Share of 
employed 

None 31.8% 24.4% 41.9% 0.000 

<50% 30.4% 32.4% 27.7% 0.092 

>50% 37.8% 43.2% 30.4% 0.000 

Social assistance 
receiver 

No 96.6% 98.2% 94.4% 0.002 

Yes 3.4% 1.8% 5.6% 0.002 

Settlement 
Urban 55.2% 53.6% 57.2% 0.196 

Rural 44.8% 46.4% 42.8% 0.196 

Income group 

Quintile 1 21.0% 13.1% 31.8% 0.000 

Quintile 2 19.4% 16.6% 23.2% 0.003 

Quintile 3 20.3% 20.5% 20.0% 0.834 

Quintile 4 19.6% 24.2% 13.2% 0.000 

Quintile 5 19.8% 25.7% 11.8% 0.000 

Sample Obs.   2,564 1,099 1,465   

Source: Own calculations from the 2019 HBS. 

The LASSO-PMM is a methodology proposed by Lucchetti et al. (2020) to predict poverty rates and mobility 

across different rounds of cross-section data when panel data are unavailable. Essentially, the method 

estimates either an OLS or LASSO regression of income on time-invariant covariates in one round of data 

and then uses the coefficients to predict income for households with available covariates in a different 

round. Since the data generating process for the residuals is unknown, the method implements predictive 

mean matching (PMM) to simulate unobservables. The authors show that the method predicts poverty 

rates and mobility accurately when using cross sections.  

 
37 Stata command to implement the LASSO-PMM, which can be accessed here. The command makes use of Wilbur 

Townsend’s lassoregress Stata command.   

https://github.com/pcorralrodas/lassopmm
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One potential extension of this method is to impute missing values of some variable. In the present case, 

we would like to predict the share of household energy consumption relative to total consumption for the 

sample with missing values in North Macedonia. As we describe below, the method also allows to match 

subcomponents of energy expenditure with neighbors to impute disaggregated expenses up to the 

COICOP 5 level. 

In order to test the accuracy of LASSO-PMM to predict the share of total energy consumption in North 

Macedonia, we first conduct a validation exercise. We keep households that report energy consumption 

(N=1,465) and randomly split them in two subsamples: a training sample where we can estimate the model 

(N=722) and a test sample where we predict energy consumption (N=743). Since actual total energy 

consumption is observed for all these households, we can compare predictions for the test sample with 

actual observed values in the 2019 HBS. This validation procedure will determine whether this method 

accurately predicts energy expenditures on average and across household attributes. 

We estimate a LASSO regression for the underlying models to predict the share of energy consumption, 

which shrinks some coefficients to zero in order to minimize one standard deviation of the mean squared 

error. We then conduct PMM selecting five nearest neighbors and run the process ten times (10 

repetitions). The selected explanatory variables in the underlying regression models are: (1) attributes of 

the household head such as gender, age, and education level; (2) household variables such as household 

size, quintiles of total consumption,38 apartment or house size, ownership of a motorcycle and car, cooking 

and heating variables such as whether they cook and have an oven that uses coal, electricity, gas for fuel, 

are connected to the electric and heating grids, and the type of heating they use; (3) region of residence 

fixed effects for the 8 statistical regions; and (4) interaction between all the variables in (1) and (2) with 

the regional dummy variables in (3). The full model begins with 304 variables. The LASSO approach selects 

variables that minimize the standard deviation of the mean squared error. 

Table 2. Validation results for LASSO with PMM 

      95% CI   95% CI     

Method 

Dependen

t variable Actual Lower Upper 

Predicte

d Lower Upper R2 Obs. 

LASSO 

Share of 

energy 

cons. 

23.7% 22.4% 25.0% 21.7% 18.8% 24.6% 0.23 743 

Source: Own calculations from the 2019 HBS. 

Table 2 summarizes the results of the validation exercise for LASSO-PMM on the share of total energy 

consumption for households with complete information. The results show that LASSO with PMM 

accurately approximates the share of total energy consumption on average, since the confidence intervals 

of actual and predicted values overlap.  

 

 
38 These quintiles are constructed from the full sample on total consumption, without including energy expenditures. 
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While LASSO-PMM accurately predicts the share of total energy consumption on average, we also want it 

to predict well at a more disaggregated level. For this purpose, we calculate the average share of predicted 

and actual total energy consumption across demographic variables in Figure 2. Overall, LASSO-PMM 

predictions are close to actual values when looking at households by age, gender, share of employed 

members, whether they receive social assistance, settlement, and income quintiles. 

Figure 2. Actual and predicted share of energy consumption by household attributes 

 
Source: Own calculations from the 2019 HBS. 

Given these validation results, we implement LASSO-PMM with 10 repetitions and five neighbors to 

predict the share of total energy consumption for households with missing information in the 2019 HBS. 

Essentially, we are estimating the model on the 1,465 observations with complete data and predicting 

total energy consumption shares for the 1,009 households with no information. On average, the 

predictions for households with missing data are within the confidence intervals of the sample with 

complete information (Table 3).  

Table 3. Imputation results for the share of energy consumption (LASSO-PMM) 

      95% CI   95% CI     

Method 
Dependen

t variable 
Actual Lower Upper Predicted Lower Upper R2 Obs. 

LASSO 

Share of 

energy 

cons. 

23.2% 22.3% 24.1% 23.3% 21.8% 24.8% 0.20 2,564 

Source: Own calculations from the 2019 HBS. 
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Once again, we check whether the predictions are accurate by household attributes. The first panel of 

Figure 3 shows the average share of energy consumption by household attributes. In general, both 

distributions overlap considerably, suggesting that LASSO-PMM accurately predicts the share of total 

energy consumption across different attributes of the population. Figure 4 plots the distribution of actual 

and predicted shares of total energy consumption, showing that predicted and actual distributions overlap 

in the data. These results are encouraging that LASSO-PMM is adequately imputing the share of total 

energy consumption for households that report zero consumption. 

 Figure 3. Observed and imputed share of total energy consumption by attributes and distributions  

a. Household attributes 

 
b. Share of total energy consumption distribution 

 
Source: Own calculations from the 2019 HBS. 
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In addition to observing total energy consumption for households in the HBS, the analysis also requires 

knowing energy expenditures by subcomponents. Given that the number of non-zero observations by 

subcomponent varies from 6 to 977 as Table A.1 shows, we cannot directly impute these values using 

LASSO-PMM. however, LASSO-PMM can assign these subcomponents from a household’s nearest 

neighbor when performing PMM using total household energy consumption. After the procedure finds a 

household’s five nearest neighbors in terms of total energy consumption, we randomly select one of the 

neighbors’ energy consumption subcomponents and assign them to the household with missing 

information. Table A.2 shows the results by COICOP 4 and 5, which indicates that the 95% confidence 

intervals for actual and assigned energy subcomponents overlap. Figure 4 shows that this procedure of 

assigning subcomponents results (electricity, liquefied hydrocarbons, liquid fuels, other solid fuels, other 

energy, and fuels and lubricants) by household attributes39 in similar imputed and actual values. Prediction 

equal to actual values would see all points on the 45-degree line. While there is some degree of error, each 

subcomponent is concentrated in certain ranges, which are consistent with the observed values. 

Figure 4. Actual and predicted share of energy consumption subcomponents by household attributes 

 
Source: Own calculations from the 2019 HBS. 

Given how energy consumption is reported in North Macedonia, LASSO-PMM provides an adequate 

enough method to impute energy consumption for just under half of the households that do not report 

this value un the 2019 HBS. However, we note that the method provides only a prediction, which seems 

to be accurate on average and across household characteristics. Predictions are subject to error. 

Nevertheless, given the results of our validations and imputation exercise, we expect that this error is low. 

While we cannot fully recover the true unobserved values of energy consumption, we are confident that 

 
39 Each circle in the figure represents a household attribute. These household attributes are the same as those in Figure 

3. 
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LASSO-PMM provides reasonably good estimates for these expenses and accurately approximates the 

values of the subcomponents of total energy consumption. 
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Statistical Appendix 

Table A.1. Available information of energy consumption by subcomponents (COICOP 4 and 5) 

    Non-zero (N=1,465) Zero (N=1,099) 

Code   Reports Zero Reports Zero 

04.5 Electricity, gas, and other fuels 1,134 331 0 1,099 

04.5.1    Electricity (ND) 977 488 0 1,099 

04.5.1.0      Electricity (ND) 977 488 0 1,099 

04.5.2    Gas (ND) 236 1,229 0 1,099 

04.5.2.2      Liquefied hydrocarbons (ND) 236 1,229 0 1,099 

04.5.3    Liquid fuels (ND) 6 1,459 0 1,099 

04.5.3.0      Liquid fuels (ND) 6 1,459 0 1,099 

04.5.4    Solid fuels 56 1,409 0 1,099 

04.5.4.9      Other solid fuels 56 1,409 0 1,099 

04.5.5    Other energy for heating and cooling (ND) 26 1,439 0 1,099 

04.5.5.0      Other energy for heating and cooling (ND) 26 1,439 0 1,099 

            

07.2.2 Fuels and lubricants for personal transport 
equipment (ND) 

835 630 0 1,099 

07.2.2.1    Diesel (ND) 340 1,125 0 1,099 

07.2.2.2    Petrol (ND) 586 879 0 1,099 

07.2.2.3    Other fuels for personal transport equipment 
(ND) 

61 1,404 0 1,099 

07.2.2.4    Lubricants (ND) 61 1,404 0 1,099 

Source: Own calculations from the 2019 HBS. 

 

 

 



 

 

Table A.2. Actual and imputed share of energy consumption subcomponent means and confidence intervals (COICOP 4 and 5) 

      95% CI Non-zero   95% CI Imputed 

Code   Actual Lower Upper Observations Imputed Lower Upper Observations 

04.5 Electricity, gas, and other fuels 18.19% 16.69% 19.68% 1,465 18.45% 16.45% 20.46% 1,099 

04.5.1    Electricity (ND) 14.45% 13.59% 15.32% 1,465 13.70% 12.79% 14.61% 1,099 

04.5.1.0      Electricity (ND) 14.45% 13.59% 15.32% 1,465 13.70% 12.79% 14.61% 1,099 

04.5.2    Gas (ND) 0.16% 0.11% 0.21% 1,465 0.26% 0.20% 0.31% 1,099 

04.5.2.2      Liquefied hydrocarbons (ND) 0.16% 0.11% 0.21% 1,465 0.26% 0.20% 0.31% 1,099 

04.5.3    Liquid fuels (ND) 0.04% 0.01% 0.07% 1,465 0.03% 0.00% 0.06% 1,099 

04.5.3.0      Liquid fuels (ND) 0.04% 0.01% 0.07% 1,465 0.00%     1,099 

04.5.4    Solid fuels 3.03% 1.84% 4.21% 1,465 4.36% 2.60% 6.11% 1,099 

04.5.4.9      Other solid fuels 3.03% 1.84% 4.21% 1,465 4.36% 2.60% 6.11% 1,099 

04.5.5 

   Other energy for heating and cooling 

(ND) 

0.51% 0.35% 0.67% 1,465 0.11% 0.04% 0.18% 1,099 

04.5.5.0 

     Other energy for heating and cooling 

(ND) 

0.51% 0.35% 0.67% 1,465 0.11% 0.04% 0.18% 1,099 

07.2.2 

Fuels and lubricants for personal 

transport equipment (ND) 

6.71% 6.28% 7.15% 1,465 7.17% 6.58% 7.76% 1,099 

07.2.2.1    Diesel (ND) 2.09% 1.80% 2.38% 1,465 2.25% 1.91% 2.58% 1,099 

07.2.2.2    Petrol (ND) 4.34% 4.01% 4.67% 1,465 4.59% 4.05% 5.13% 1,099 

07.2.2.3 

   Other fuels for personal transport 

equipment (ND) 

0.19% 0.13% 0.25% 1,465 0.19% 0.12% 0.27% 1,099 

07.2.2.4    Lubricants (ND) 0.09% 0.06% 0.13% 1,465 0.14% 0.08% 0.19% 1,099 

Source: Own calculations from the 2019 HBS. 
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