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Executive summary

The climate change mitigation analysis conducted in the Second Biennial Update Report (SBUR)
builds upon and continues the analyses of previous studies: Third National Communication (TNC),
First Biennial Update Report (FBUR) and the Intended Nationally Determined Contributions
(INDC)".

In order to assess the mitigation potential of certain measures and policies, all sectors recognized by
the Intergovernmental Panel on Climate Change (IPCC) methodology (Energy, Industrial Processes
and Product Use, Agriculture, Forestry and Other Land Use and Waste) have been modelled in the
SBUR. Moreover, when compared to previous studies, significant improvements and upgrades
can be attributed to the modeling in the SBUR, among which are: harmonization of all sectors and
categories with the IPCC methodology (the sectors are identical as in the Greenhouse Gases (GHG)
inventory) so that trends can more easily be followed; use of a single methodology for GHG emission
calculations in all sectors (IPCC methodology); integration of the separate models of all sectors® by
introducing intersectoral connections on the basis of key drivers which are common for all sectors;
use of a unified methodology when creating mitigation policies/measures which allows an integrated
preview of the results through two scenarios (Mitigation scenario — Scenario with Existing Measures
and a Higher ambition mitigation scenario — Scenario with Additional Measures) etc. In addition to
these improvements and upgrades in the modelling, the private sector and the public administration
were actively included in the process of preparing and choosing the measures and policies. In that
regard, a number of meetings were organized in order to ensure acquaintance and alignment of the
attitudes of different actors towards the suggested measures and policies. The modelling has been
conducted for the period from 2012 to 2035.

Taking into account the changes in development which occurred in the meantime, the Reference
scenario, reflecting a case with no implemented mitigation measures is firstly revised as a Scenario
Without Measures (WOM scenario). This scenario has no likelihood of occurrence because it
implies, for instance, that the efficiencies of devises used in households in 2035 would be same as the
efficiencies of the devises used in 2012. Nevertheless, creating such a scenario is of crucial
importance because it allows all measures to be compared to one referent option and it allows for
the comparison of the effects (financial, environmental, energy related) of a certain measure or policy
to take place. When the yearly total emissions in the WOM scenario are calculated, a gradual rise from
2012 until 2035 is evident; the emissions in 2035 amount to 25,585 Gg CO»-eq which is a 49% increase

compared to the emissions from 2012. The Energy sector continuously has the biggest share in the

U All documents are available on this link: http://klimatskipromeni.mk/Default.aspx?L.CID=213

2 In previous national reports on climate change, the analysis of some sectors were conducted with MARKAL, some with
GACMO, others according to other methodologies and all of them used different input data.
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total emissions, a share which in 2035 is estimated to be 68%, while the Waste sector has the biggest

increase in emissions (around 130%).

Taking into consideration all national strategic and planning documents, over 50 mitigation measures
were recognized out of which, with the participation of key actors, 46 measured were selected for
modelling — 35 measures in the Energy sector, 8 measures in Agriculture, Forestry and Other Land
Use (AFOLU) and 3 measures in the Waste sector. Each of these measures is represented with a
separate table containing all necessary information, progress of implementation (timeframe, expected

results and costs, implementing entity) and progress indicators.

In order to see which measures and policies should be prioritized, the economic effectiveness or
specific cost (in €/t COz-eq), as well as the environmental effectiveness or mitigation potential’
(in t COz-eq) for each measure and policy is calculated. It can be concluded that around 80% of the
total reductions in emissions can be achieved through policies and measures with negative specific
costs, known as win-win measures. The implementation of such measures not only reduces emissions,
but creates financial savings as well. Furthermore, additional benefits of the measures/policies are also
analyzed in light of their potential for job creation (green jobs). It is estimated that over 6200 green
jobs will open until 2035 as a result of energy efficiency measures in buildings and low-carbon energy
supply (renewable energy and gas). That makes the measures triple win (win-win-win) measures,

simply because satisfy three criteria — economic, environmental and additional benefits.

Additionally, in the Second Biennial Update Report a study aimed at analyzing ways to reduce the
local pollution in the city of Skopje (Study on the Heating in the City of Skopje Analysis of Policies
and Measures - STUGRES) has also been conducted. According to this study, the implementation of
three measures in Skopje (Construction of energy efficient buildings, Changing the heating practices
and Increased acceptance of central heating) can result in enormous reductions of PMjo and PMy;s
emissions from household heating, around 60% reduction of emissions in 2025 in comparison to 2015.
From the list of measures, in collaboration with all relevant stakeholders, 35 measures/policies were
marked as measures/policies with high realization probability because they deal with projects that
have been started/are going to start in near future, are prioritized projects/policies in sectoral strategic
and planning documents or have resulted from already passed laws or laws that will be passed in near
future. These measures are included in the Mitigation Scenario which is also called the Scenario
with Existing Measures (WEM). Another Higher ambition mitigation scenario has been created,
which along with the existing measutes contains additional measures/policies, thus obtaining the name
Scenario with Additional Measures (WAM).

As a result of the proposed measures in the Scenario with Existing Measures (WEM) and the Scenario
with Additional Measures (WAM), the total GHG emissions in 2035 drop by 25.2% and 27.8%
respectively, when compared to the Reference scenario (WOM). The GHG emissions occurring in
WEM in 2035 are only 2.6% higher than in 2012, while the 2035 emissions in WAM decrease by 14%

3 Potential for reducing the emissions of greenhouse gases
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when compared to 2012. Both scenarios’ peaking year occurs in 2032 when the emissions are 18,130
CO»-eq according to the WEM scenario and 17,510 CO»-eq according to the WAM scenario. The
Energy sector still dominates with its share in the total emissions (60.9% in WEM and 53.8% in WAM
in 2035), but compared to the Reference scenario, the emissions of the WEM scenario decrease by
25% and the emissions in the WAM scenario decrease by 29% in 2030 (Figure 1). Hence, the majority

of the suggested mitigation measures and policies are related to the Energy sector.
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Figure 1. Comparison of GHG emissions from the Energy sector in 1990 and 2005 with the emissions in 2030 in WOM, WEM and
WAM scenarios (in Gg COz-eq)
The results obtained from the analyses in this study cannot be directly compared with the goals defined

in the Intended Nationally Determined Contributions INDC) because:

P beside CO; emissions this study takes into account the emissions of CHy and N,O which were
not included in the INDC

P an emission factor has been attributed to the import of electricity

P as a result of the changes in the modelling, the change of input parameters (prices of fuels,
Gross Domestic Product (GDP) growth, population growth etc.) the Reference scenarios in
the SBUR is different from the Reference scenario in the INDC.

If one was to make a realistic comparison with the INDC goals, only the CO; emissions should be
taken into account while the emissions related to electricity import should be disregarded. Additionally,
a comparison with the INDC reference scenario should be made in order to assess the relative
decreases with respect to that scenario. The results from the comparison are displayed on Figure 2

which shows that:

P in the year 2030 the Mitigation scenario (WEM) and the Higher ambition mitigation scenario
(WAM) are more ambitious than the mitigation scenarios defined in the INDC,
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» the Mitigation scenario in 2030 decreases the emissions by 34% (30% in INDC WEM, or
745 kt CO, more than INDC WEM,; that is equal to around 10% of the total emissions from
the Energy sector in 2014) compared to the referent Business-as-usual scenario in INDC,

» the Higher ambition scenario decreases the emissions by 37% (36% in INDC WAM, or
238 ktCO; more than INDC WAM; that is equal to around 3% of the total emissions from

the Energy sector in 2014) compared to the reference scenario in INDC.
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Figure 2. Comparison of the SBUR, INDC and FBUR, Mitigation and the Higher ambitious scenarios from the Energy sector with the
INDC Reference scenario, 2030 (in Gg CO.req)

The total investment costs in the Reference scenario for the energy sector in the period 2017-2035
amounts to 27,688 mil. €, while WEM is 2,056 mil. € costlier, so its’ total investment costs are equal
to 29,744 mil. € (Figure 3). The total investment costs in WAM are 2,203 mil. € higher than those of
the Reference scenario and are equal to 29,891 mil. €. Out of the costs for implementing the mitigation
measures in the Mitigation scenario (WEM), investments of 17,056.8 mil. € are needed in the Energy
sector for the period 2017-2035. Similarly, the investments in the Energy sector in the Higher ambition
scenario are equal to 22,638.0 mil. €. The average yearly investments in WEM are approximately 6.75%
of the total average annual GDP (13,000 mil. €), while the same indicator in WAM is equal to 8.96%.
If the investments from the private sector are disregarded, the investments for the period 2017-2035
in WEM are equal to 2,604.2 mil. € and 5,220.4 mil. € according to the WAM scenario (an amount
that should be provided by the national budget, local self-governments, City of Skopje, AD ELEM).
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Figure 3. Total investment costs in WOM, WEM and WAM scenarios (in mill. EUR)

The sector Agriculture, Forestry and Other Land Use is of significant importance because it
possesses the largest potential for absorbing CO: emissions. From being a sector with usually
negative emissions, it is estimated that after 2020 the amount of CO; emissions from wood in the
forests will be larger than the amount of CO, emissions absorbed by the forests. This makes the forests
unsustainable, i.e. the amount of wooden mass which is cut will be larger than the annual growth of
new wooden mass. It is estimated that the total emissions from this sector in 2035 will be equal to
2,000 Gg COz-¢q. In the Livestock category in the next 20 years, a 10% reduction in the greenhouse
gas emissions from activities related to livestock production is expected (from 673.65 Gg CO»-¢q in
2014 to 603.15 Gg COs-eq in 2035). The reasons for this reduction lies in the assumption that the
number of cattle will decrease, while at the same time an increase in the productivity per unit of
livestock will take place. In the Lland Use category it is projected that the greenhouse gas emissions of
290.08 Gg COz-eq in 2014 would increase to 514.52 Gg COz-eq in 2035, where as starting base the

dynamics of use were considered for the period from 2000 to 2014.

In order to reduce greenhouse gas emissions, 8 measures have been proposed in the Agriculture,
Forestry and Other Land Use sector. In the Forestry category, two measures that refer to better forest
management are proposed, i.e. afforestation of transitional forest surfaces and reduction of the
damaged area of forests from fires. With the help of these two measures, forest sustainability is ensured.
For the realization of these two measures during the period from 2017 to 2035, investments of 56
mil. € are needed. In the Livestock category, 3 measures for mitigation of greenhouse gas emissions
related to activities in livestock production have been developed. When defining these measures, it
was important that their implementation was easy and that they were not based on specific strategies
and policies or long-term subsidies. As a result of the implementation of these measures, the total
emission of gases in 2035 would be 590.52 Gg COs-eq. For their realization investments of 2.2 mil.
€ are needed. In the Land category, three measures are envisaged for the reduction of greenhouse gas

emissions and they are aimed at reducing land erosion and increasing of organic matter in the soil.
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With their proper implementation a 20% reduction of emissions in 2035 could be achieved (410.05

Gg COz-¢q). For the realization of these measures, investments of 3.5 mil. € are needed.

In the Waste sector, total GHG emissions are projected to increase by 97% in 2035 (4.944 Gg CO.»-
eq) compared to 2012, where emissions from the sub-category Solid Waste Disposal remain the largest,
with a share of 97.4% in 2035 (94.3% in 2012). To reduce the emissions in this sector, three measures
have been proposed concerning the opening of new regional landfills, the closure of existing ones
with methane combustion and selection of waste. It is predicted that through these measures the
greenhouse gas emissions in 2035 will decrease by 7% compared to the emissions in the WOM

scenario. For the realization of these three measures, investments worth 93 mil. € are needed.

For each scenario, Macedonia's progress has been analyzed on the basis of several key indicators for
sustainable development related to climate change and energy. These indicators are in line with the
EU's Sustainable Development Strategy (SDS) and the Global Sustainable Development Goals
(SDGs). A comparative analysis of the obtained results with the EU average (EU-28) and the countries
of Southeast Europe has been made. An important indicator regarding climate change is the
greenhouse gas emissions intensity of energy consumption. It monitors the extent to which low-
carbon fuels replace high-carbon fuels while meeting the energy needs and the extent to which the
efficiency of technologies for production and use of energy has increased. In Macedonia, during the
petiod 2007-2014, this indicator has been 10% - 20% lower than in 2000 (3.52 Gg CO,/ktoe).
Although there is an increase in the energy demand, which in the WOM scenario is predominantly
satistied by fossil fuels, this indicator is expected to decrease and should amount to 75% in 2035,
which is 25% lower than its value in 2000. In the mitigation scenarios, as a result of energy efficiency
measures, the energy consumption rate of growth is expected to be slower than that of the WOM
scenario, while at the same time, with the replacement of lignite with natural gas and the greater

utilization of renewable energy sources this indicator is expected to reach 65% in the WAM scenario,
which is 35% less than in 2000.

Another important indicator is CO; emissions per capita, according to which Macedonia falls in the
same category as Romania and Hungary, as a country with relatively low emissions per capita. In the
Reference Scenario this indicator will have an increasing trend, while in the mitigation scenarios it

would grow at a lower rate than in the Reference Scenario.

Finally, in accordance with the Mitigation scenario an Action Plan for mitigation of climate change
was prepared, in which the stakeholders relevant for the implementation of all 35 measures and
policies were identified. Furthermore, the plan contains information on each measure’s type, source
of finance, indicative future emission reductions, specific costs (cost of reduced t COy), necessary
investments for the realization of the measures and the potential for green jobs creation. This Action
Plan is a solid foundation for creating national policies that would enable low-carbon sustainable

development of Macedonia.
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1 Introduction

The Republic of Macedonia is a party of the United Nation Framework Convention on Climate
Change (UNFCCC) (Official Gazette of RM — 61/97), ratified the Kyoto Protocol (Official Gazette
of Republic of Macedonia - 49/04) and has associated itself with the Copenhagen Accord (2009).
Regarding the Paris Agreement (2015), the country submitted its Intended Nationally Determined
Contributions for Climate Change (INDC), as per the Decision of the Government No. 42-17/91 of
28 of July 2015, as twenty third submission in the world. The Republic of Macedonia has signed the
Agreement and the ratification process is underway. It is a non-Annex I country to the UNFCCC
(developing country) and at the same time, it has a status of a candidate country for European Union
(EU) membership, having thus to adhere to the EU Climate and Energy Policy, which actually takes

in the commitments of the Annex I countties.

The Republic of Macedonia has submitted three national plans to the UNFCCC (in 2003, 2008 and
2014) and the First Biennial Update Report (FBUR) in January 2015, as the eleventh country in the
world. Despite the fact that Macedonia is not an Annex I country, as an EU candidate, it has
voluntarily made efforts to incorporate the UNFCCC reporting principles that apply to Annex I
parties as far as possible (Table 1). Table 1 summarized the reporting obligations to the UN, the GHG
inventories and national plans, the biennial update reports and mitigation activities and highlights how
specific issues have been resolved in Macedonian conditions. The level of implementation has been
assessed as: Annex I like, Tends to Annex I like, Steps towards Annex I like, or Non Annex I.
Furthermore, having in mind that the Reference scenario (WOM), the Mitigation scenario (WEM)
and the Higher ambition scenario (WAM) are the main elements for reporting of national mitigation
efforts of Annex I countries, the mitigation analysis in the First Biennial Update Report was, for the
first time, conceptualized in such a manner. This practice was continued in the Second Biennial Update
Report as well, in order to contribute to the national capacity building for analytics as well as to the
capacity building for policy makers and all stakeholders for fulfilling the upcoming (more rigorous)
reporting obligations.

Table 1. Summary of UN reporting requirements

Annex I Party Non Annex I Party Macedonia

GHG Inventory Requirements

GHG inventory submitted in
electronic format as part of the

No set frequency; can be National Communication or
Submit annual inventories to the submitted in hard copy. Biennial Update Reports.
Frequency UNFCCC in an electronic format.  Upon availability of
resources Annex I like
Trends in emissions of the six Trends in emissions for CO», Trends in emissions of the si
X
i HGsl, from 1 th i
Coverage pituveiny CIEICS, oo ,990 to . ¢ CH,4’ exinel NGO @il el primary GHGs are reported for
most recent year for which data is estimates for other gases . :
. . . 1990-2012, including the sectoral
available; includes sectoral encouraged but not required




Standards

Methods

Review

NC Frequency

NC Content

BR/BUR Frequency

Content BR/BUR

background data.

Kyoto inventory systems have
additional structural detail.

Use both the IPCC Guidelines and
Good Practice Guidance and
thoroughly document emissions
estimation methods and data
sources.

Generally adopt higher-tier
methods

Subject to annual review by expert
teams following agreed upon
review guidelines. At least once
every five years, inventory systems
are subject to a more detailed in-
country review.

Parties to the Kyoto Protocol are
subject to more rigorous review,
and if review teams determine a
Party’s inventory report or system
is deficient, the Party may be
judged to be out of compliance
and subject penalties

from 1990 or 1994 for the
first inventory and 2000 or
later for the second; sectoral
background data is not
required.

Use IPCC Guidelines; use of
the Good Practice Guidance
encouraged but not required.
Documentation of
methodologies is
encouraged.

Generally adopt lower-tier
methods

No subject to review

background data.

Annex I like

The 2006 IPCC Guidelines and
Good Practice Guidance used
for reporting; Emissions
estimation methods and data
sources are thoroughly
documented.

Annex I like

Higher-tier methods are generally
adopted.

Annex I like

Voluntary review by experts
under the National
Communication Supporting
Programme (NCSP) conducted.

Tends to Annex I like

National Communications, BURs, and Mitigation Action Requirements

Submitted every five years

National Communications include
a description of each mitigation
policy and measure, organized by
sector and gas. Description
includes status, implementing
body, and, if possible, estimated
effect on emissions to date and in
the future.

First one on 1 January 2014, then
every two years

Outline progress in achieving
emission reductions and the
provision of financial, technology
and capacity-building support to

No specified frequency

Encouraged but not required
to report on mitigation
policies and measures.

First one in December 2014,
then every two years

GHG inventory not more
than four years old
Information on mitigation
actions

Voluntary, submitted every five
years

Tends to Annex I like

National Communications
include a description of each
mitigation policy and measure,
organized by sector and gas.

Tends to Annex I like

First one in December 2014,
than every two years

Annex I like
GHG Inventory from 1990-2012

Information on mitigation
actions



Actions

Review of NC

Review of BR/BUR

non-Annex I Parties.

Subject to binding national
emissions targets, and international
monitoring and reporting
requirements to verify the
achievement of these targets

National Communications ate also
subject to international expert
review, conducted in accordance
with internationally-agreed
guidelines

Subject to international expert
review, conducted in accordance
with internationally-agreed

guidelines.

None

Not subject to review

Process of international
consultation and analysis

(1cA)

Steps towards Annex I like

Voluntary international
monitoring and reporting
requirements

Steps towards Annex I like

Not subject to review

Non Annex I

Process of international
consultation and analysis

Non Annex I

(ICA)

1.1 Economics and population

Macedonia is one of the smallest countries in the Southeastern Europe region, with around 2.066

million inhabitants. Its gross domestic product (GDP) equals to 7.7 billion € and the GDP per capita

is 3,737 € (Table 2).

Table 2. Basic information on countries of Southeastern Europe (2014)

Popl.zl?tion GDP GDP per capita Unemployment
(million) (billion €) ©)

EU28 506.94 13,197.4 26,033.3 10.2%
Bulgaria 7.25 39.5 5,452.5 11.6%
Greece 10.93 185.5 16,977.6 26.3%
Croatia 4.25 43.3 10,189.4 16.0%
Romania 19.95 137.4 6,888.5 7.0%
Montenegro 0.62 33 5,321.5 19.1%
Macedonia 2.07 7.7 3,735.7 27.9%
Albania 2.90 9.1 3,127.9 16.1%
Serbia 7.15 30.1 4,209.5 22.2%
Bosnia and Herzegovina 3.84 13.4 3.488.7 27.9%
Kosovo 1.82 4.9 2,716.6 35.30%

1.2 Basic characteristics of the sectors

1.2.1 Energy

Compared to the other sectors, the Energy sector by far has the largest share in the GHG emissions

in the Republic of Macedonia. This is due to the fact that, in the Republic of Macedonia, this sector

is mainly based on fossil fuels, primarily coal, which account for over 80% of the total energy demand.

A



In the last few years a certain decreasing trend of the share of fossil fuels can be noted, primarily due
to an increase in the import of electricity, which additionally increases the import dependence of the
Republic of Macedonia, evaluated around 50%. There is also an increasing trend of the share of
renewable energy in the total energy requirement, which from 10% in 2012 has increased to 15% in
2015. The efficiency of Macedonia's energy system (conversion from the total required energy into
final energy) is about 68%. This value is almost at the same level as the member countries of the

Organization for Economic Co-operation and Development (OECD) Europe, where it is about 70%.

As a result of the low GDP per capita, Macedonia falls in the category of countries with high gross
inland consumption and high final energy consumption per unit of GDP despite the low energy
consumption per capita. The total energy required per unit of GDP is around four times higher than

the average of the European developed countries.

From the aspect of climate change, an important indicator is the greenhouse gas emissions intensity
of energy consumption, which monitors the extent to which low-carbon fuels, such as natural gas and
RES, replace high-carbon fuels, such as lignite and other coal, in the production and consumption of
energy. From the comparison with the EU countries and neighboring countries, it can be concluded
that Macedonia's emissions of greenhouse gases per consumed unit of energy are low. Expressed as
an index relative to 2000 (2000 = 100%0), the value of this indicator in the past years ranges from 80%
- 90%. For EU countries this indicator ranges from 90% -100%.

Another significant indicator of climate change is the emission of greenhouse gases per capita.
According to this indicator, an average citizen of the Republic of Macedonia emits 30% less emissions
than an average citizen of the EU-28 or approximately the same as the citizens of Romania and

Hungary.

1.2.2 Industrial Processes and Product Use

The GHG emissions from Industrial Processes and Product Use (IPPU) in the Republic of Macedonia
originate from production industries or from the use of ozone depleting substances for air
conditioning. The metal industry is the main contributor to the emissions of this sector with a
dominant level of emissions from the production of ferroalloys. Cement production is the second
largest contributing category to GHG emissions. The rest of the emissions are the result of the use of
substituents of ozone depleting substances. Only a small part of the emissions come from the chemical

industry sector, as there is no developed chemical industry in the country.

12.3 Agriculture, Forestry and Other Land Use

Forests and forest lands are the main sinks of CO, emissions in the Republic of Macedonia. They
cover around 1.3 mil. ha and are characterized by great variety of species, but are of poor quality and

low annual growth. More than 70% of the forests are of vegetative origin, about 90% are composed



of deciduous tree species and around 90% are state-owned. The total wood reserve is estimated at

about 70 mil. M°, and the total annual current rate of growth is estimated at around 1.7 mil. .

In the Republic of Macedonia, the activities related to livestock production emit greenhouse gases
mainly as a result of enteric fermentation and management of manure. On the other hand, greenhouse
gas emissions from crop production are a consequence of several major sources, such as inadequate
and excessive fertilization with mineral fertilizers, which in the long term cause serious reduction in
organic matter in soils and significant CO, emissions, rare and inadequate application of manure,
conversion to land use from extensive to intensive plant production system, inadequate management

of arable land and improper management when fertilizing.

1.2.4 Waste

The Waste sector is the second largest source of greenhouse gases in the Republic of Macedonia. The
following categories act as contributors to the emission of greenhouse gases: Solid Waste Disposal,
Biological Treatment of Solid Waste, Incineration and Open Burning of Waste, and Wastewater
Treatment and Discharge. The greenhouse gas emissions from this sector follow a monotonously
growing trend. This is due to the increase in the amount of generated waste which in 2014 reached
around 765.6 Gg of communal and around 5.681 Gg of industrial waste. In 2014 about 370 kg per
capita of communal waste were generated and 75% of that waste was taken to landfills. The share
which wasn’t disposed in landfill has been covered by the category Incineration and Open Burning of
Waste. If analyzed as CO»-eq, methane emissions (CH4) account for most of the total emissions of

the Waste sectot.

In terms of composting, it can be stated that it is still in the onset as only 1.945 t biological waste was

composted in 2014.
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2 Improvements in modelling

In order to assess the effects of GHG emissions’ reduction when applying certain measutes/policies,
for the purposes of this project, modelling of all sectors that are part of the IPCC methodology
(Energy, IPPU, AFOLU and Waste) is conducted. As a basis, already developed models for the
purposes of previous analyses (Third National Communication on Climate Change, FBUR, INDC,
etc.) are used, though in this document numerous novelties are introduced, significant improvements

and modelling upgrades are made, which can be summarized in the following points:

» General improvements:

e Adjustment of sectors and categories according to the division in the IPCC
methodology is performed, thus the GHG inventory and the climate change mitigation
part have the same classification by sector and by category, wherewith the GHG
emissions’ forecasts are able to follow the emissions’ trends in the inventory;

e Complete integration of separate sectoral models is implemented, i.e. intersectoral
binding predicated on key drivers common for different sectors is taken into account
(Figure 4). For instance, same GDP data used in the Energy sector, is employed in the
sectors IPPU and Waste as well. Same data for population is used in sectors Energy
and Waste. Additionally, the calculated industry growth is used as an input in the sector
Energy as well as the sector IPPU. The results from the AFOLU sector pertaining to
sustainable biomass utilization (the amount of biomass used for heating) and from the
sector Waste (the amount of biodegradable waste) are taken as an input in the sector
Energy;

e Revision and update of data for population and GDP, in line with the latest projections
made by the UN, the National Bank of Republic of Macedonia and the World bank,

are executed;

e By means of adjustment of the methodology for calculation of GHG emissions in all
sectors (IPCC methodology), creation of Reference scenario, wherein total GHG
emissions’ projections until 2035 are computed, is enabled;

e Same methodology in measutes/policies for climate change mitigation is applied, in
this manner enabling an integrated visualization of results obtained from two scenarios
(WEM and WAM);

e Besides the aforementioned improvements and upgrades in the modelling, inside the
process of creation of measures and policies, private sector and public administration
have been actively involved. In that direction, individual consultation meetings aimed
at getting acquainted with the proposed measures and policies and coordination of

different views have been organized.
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Figure 4. Cross-sectoral binding

» Sector Energy:

Except calibration of the model (MARKAL) for the base year (2012), additionally,
validation and verification of the model for three-years period (2013, 2014, 2015) are

carried out;

Biomassfor
heating

Quantity of
waste

Revision and update of fuel prices in accordance with the latest data derived from the

Energy Regulatory Commission, and World Energy Outlook 2015 and World Energy

Outlook 2016 are executed;

Data derived from results of the inquiry “Energy Consumption in households, 2014”

undertaken by the State Statistical Office and of the inquiry “Study for analysis of ways

of household heating in Skopje valley” supported by UNDP are modelled, thus

allowing more precise definition of the current situation in Macedonia;

The modelling in the section of calculating the projections of energy necessitated for

heating and cooling is improved by introducing appropriate indicators, such as: heating

degree days and cooling degree days;

Complete adjustment with the IPCC methodology in the section of calculating GHG

emissions is performed, thereby enabling calculation of CH4and N2O emissions beside

CO, emissions;

Calculation of GHG emissions by imported electricity is enabled and CO,, CH4 and

N,O emission factors are defined;



e Improvement of the modelling in the section of industry growth and development
forecasting is made, based on data for added value and the index of industry
production of the corresponding industry and the GDP;

e C(Climate change mitigation measures in category Manufacturing Industries and
Construction are implemented and evaluated for the first time.

» Sector IPPU:

e New model for calculation of emissions’ projections based on data for the added value

in each of the existing industries and the GDP is developed.
» Sector AFOLU:

e New models for calculating the emission’s projections compliant with the IPCC
methodology for each of the three categories: Livestock, Forestry and Other Land Use.

e Mitigation measures in category Forestry are introduced.

P Sector Waste:

e For the sake of applying common input data with the other sectors, a new Excel model
for calculation of emissions compliant with the IPCC methodology comprising all
subcategories is developed;

e Except the GDP and population, projections of the input data, waste per citizen is

made.
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3 Reference scenario (WOM)

The necessity of creating scenarios that will help revealing the amount of GHG emissions in a certain
year, in fact implies the creation of the development in one city, state or region. In the interest of
defining the development, many factors in different sectors have to be known. The objective of this
document is to determine the factors that influence the development of a certain sector and based on
the methodology prescribed by IPCC to calculate the GHG emissions in Macedonia. This is of
particular importance for creation of policies and definition of adequate measures for decreasing the
GHG emissions.

In order to determine the contribution of certain measure or policy toward decreasing the GHG
emissions, it is indispensable to create a Reference Scenario or Without Measures (WOM) scenario.
This scenario has no likelihood of occurrence because it implies, for instance, that the efficiencies
of devises used in households in 2035 would be same as the efficiencies of the devises used in 2012.
Nevertheless, creating such a scenario is of crucial importance because it allows all measures to be
compared to one referent option and it allows for the comparison of the effects (financial,
environmental, energy related) of a certain measure or policy to take place. In this chapter, exactly this
type of scenario is developed, that will serve to appraise the benefits of proposed measures and policies

in aspect of decreasing the GHG emissions and economic benefits.

Analyses conducted for development of each sector in Macedonia are based on input data derived
from official documents and researches, and only part of them are based on assumptions. Key
documents used as data sources are given in the annex of this document, and are additionally

referenced and explained in the text of each sector separately.

The modelling is executed for the period 2012-2035. In order to carry out a proper verification of
the model, i.e. to ascertain whether the model gives real projections, as a base year adopted (retained)
is taken 2012 (alike the document elaborated for the Paris Agreement, INDC), whereas the verification
is performed for 2013, 2014 as well as for 2015 as the latest year with official statistical data. In spite
of postulating 2030 as a target year, for the last year in the modelling 2035 is chosen, due to reflection
of the trend after 2030 and to comprise the processes that would happen after 2030. Namely, in the
period 2030-2035, TPP Bitola is expected to be phased out, while the capacity of renewable energy
technologies is to be increased, resulting in GHG emissions’ decrease. Furthermore, in the same
period, it is expected that numerous energy efficiency measures are to give considerable results.
Maximum GHG emissions are also foreseen in this period, i.e. peaking year — until that year the

emissions will increase, and after it they will experience a descending trend.

Projections for all sectors are made and in each sector respective key assumptions and methodology
are given, and at the end, of course, results are presented. In the last section of this chapter the total

GHG emissions are illustrated.



3.1 Energy

The complexity of the energy system makes the forecast of the energy consumption quite complicated.
When simplified, one can say that the energy demand is nothing else but a determination of our own
necessities, in our homes and places we work, e.g. heating and cooling, lighting, refrigerating and
freezing, washing the dishes and the clothes, watching TV, using our computers, phones etc. On the
other hand, with the growth of population, the number of homes and jobs increases. This also implies
greater needs, resulting in higher production of the industry. All the above mentioned sectors are
interlinked by the energy and the need for it. From this follows that the GDP and the population are
key drivers in this sector, but their forecast, primarily of GDP is especially difficult. When forecast is
made, one should be wide-awake since the GDP growth and the energy demand growth do not always
mean growth of energy consumption. Fuel prices on the national and international market,
technologies employed in each of this sector’s categories as well as their efficiency contribute toward

decrease of the consumption. This is the reason why is of outmost importance to have:

» cood input data,
P good energy planning model,
» calibrated and verified model.

3.1.1 Key assumptions

Macroeconomic drivers

Every year, the UN generates projections of the world population until 2100, creating several
scenarios at the same time. In the next figure (Figure 5), the Macedonian population in different
scenarios is shown. At the time of composing this report, all population scenarios have been analysed,

and because of this reference scenario it was decided to use the scenario named as Constant-Fertility.

) \
1.95

Population (in millions)

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

e Constant-fertility ] OW variant e Medium variant e High variant

e [nstant-replacement Zero-migration e Constant-mortality

Figure 5. Projections of the population in the Republic of Macedonia according to scenarios United Nations (in millions)

The official available GDP projections by the National Bank of the Republic of Macedonia and the
World Bank refer to the near future, until 2020. In pursuance of long-term projections, several
scenarios following these institution’s short-term scenarios have been developed. In Figure 6, three of

them with different average annual growth rate are depicted: 2.48% (Low growth), 4.34% (Medium

10



growth) and 6.71% (High growth). It has been decided to use the scenario with Medium growth
(4.34%) of the GDP.
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Figure 6. Projections for GDP growth in the Republic of Macedonia (in 2012 Mill. EUR)

Fuel prices

When determining the energy consumption, particularly when least-cost based models are employed,
the determination of fuel prices is of great importance. Within the reference scenario, prices of
domestic fuels by the Energy Regulatory Commission for the period 2012- 2015 are used, whilst
the prices on the foreign markets that have their impact in Macedonia as import-dependent country,
are taken from the last projections given in the World Energy Outlook (WEO) 2015 u WEO 2016

(Figure 7).
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Figure 7. Realised and projected fuel prices according to WEO 2016 (in EUR/G])

Moreover, the price of the imported electricity is the one found on a power-exchange. Forecasts show
that in the following 4-5 years the electricity price would reach the level of 35-45 €/MWh, depending
on the season and the period, albeit until 2035 it would increase to 70 €/MWh.



Emission factor of imported electricity

The accumulated experience of RCESD-MASA team from previous reports connected to Climate
change mitigation (Third National Communication on Climate Change, FBUR and INDC) and the
consultations with the international expert enabled certain changes of views regarding the import of
electricity. Namely, in previous reports, pursuant to the IPCC methodology, the import of electricity,
did not have an emission factor. That means that the total national GHG emissions depend on the
inverse proportion to the import of electricity. Hence, the experiences from these practices are
negative, mainly because of the fact that the import of electricity can be treated as climate change
mitigation measure. In order to avoid such situation and to obtain more real decreases of emissions
based on mitigation measures (not made up through import), CO,, CHs and N>O emission factors for
the imported electricity are set up. The latter is in accordance with the European comparator made by
the Joint Research Center (JRC), wherein sustainable emission factor at European level has been
defined. This comparator is sustainable because beside the current situation, it takes into account the
further development of the energy system at European level. The comparator is based on fossil fuels
(since the electricity production from renewable energy sources is presumed to substitute exactly the
same amount of electricity from fossil fuels), i.e. on the following mix of technologies for production

of electricity:

» 25% coal-fired thermal power plants with combined cycle with integrated gasification
combined cycle — IGCC;

P> 25% conventional coal-fired thermal power plants and

» 50% thermal power plants Combined cycle gas turbine — CCGT on natural gas with different
length of the gas pipeline network (16.7% with length of 4.000 km, 16.7% with length of 7.000
km and 16.7% liquefied natural gas).

Detailed data used in the calculation of the European average emission factor are given in Table 3.

Table 3. Reference emission factor for electricity in Europe

Electricity production Unit Quantity Comment
KOEL1 Conventional on char coal 2CO2q./MJel. 261.5 43.5% efficiency
KOEL2 Coal (IGCC) gCO2¢q./MJel. 234.6 48% efficiency
GBELI1b Natural gas (CCGT) 2CO2q. /MJel. 118.2 58.1% efficiency, 4.000

km gas network for
transport of natural gas

GBELIla Natural gas (CCGT) 2CO2q./MJel. 129.4 58.1% efficiency, 7.000
km gas network for
transport of natural gas

GRELI1 Natural gas (CCGT) 2CO2q./MJel. 126.5 58.1% efficiency,
liquefied natural gas
(LNG)

Emissions ‘
Average ‘ (25%/25%/16.7%/16.7%/16.7%) 2COx2q./MJel. 186.4




co; Output g/MJ 169.4
CH; Output g/MJ 0.61*
N:O ‘ Output g/MJ 0.006%*

Manufacturing Industries and Construction

Additionally, improvement in the growth and development of the industry is made. Here, this
necessity is seen in the lack of long-term forecasts of growth and development of the industry, similarly
as the lack of long-term GDP forecasts. For that purpose, firstly, grouping of industrial branches’
added value according to the National Classification of Activities has been conducted, as the grouping
of industrial branches in the Energy Balance. Then, for every industrial branch, the dependence of its
added value on the GDP, has been determined. As a result from the short historical series of data and
big fluctuations in the industry for some of the industrial branches, large increases in forecasting the
added value have appeared. Beneficial to avoiding this, the dependence of the total added value in the
industry on the national GDP has been additionally inspected. The outcome show high correlation,
which is the reason why it was presupposed that the total growth of the industry depends on the GDP.

To corroborate it, furthermore, the index of the industrial production is included.
Transport

Price decreases of the oil derivatives on a global level in the period 2012-2015, especially in 2016, have
contributed to the growth of the consumption in this sector with a growth rate bigger than all
previously made forecasts, not just for Macedonia, but also worldwide. If the implementation of the
policies for the import of used vehicles of the Government of the Republic of Macedonia is added as
well, the picture for the transport sector in Macedonia is drastically changed. In favor of the possibility
of the model (MARKAL) to reflect newly emerging conditions, despite changes in the oil derivatives’
prices, complete revision of the number of vehicles (new and old) bought in Macedonia, average

number of kilometers traveled, average number of tones of goods transported, etc., is conducted.
Residential and non-specified (Commercial and Service)

Great improvement relative to the input data in Residential category is the complete incorporation of
studies that stem from the inquiry “Energy consumption in households, 2014” carried out by the State
Statistical Office and from the inquiry “Study for analysis of ways of household heating in Skopje
valley” supported by UNDP, where data that can help more precisely determine the energy demand
in this sector, thus paving the way for better projections. These data include:

» Number of households;
Members per household,;

Total area, heated area;

vwvyy

Information about the construction of the buildings (windows, insulation, year of construction,

etc.);



P Appliances used for heating and cooling and the degree of their use;

» Number of refrigerators and other appliances, etc.

In the calculation of the projections of energy needed for heating and cooling in the Residential and

Non-specified categories, improvement has been made by introducing annual indicators: heating

degree days and cooling degree days. The introduction of these annual indicators is of paramount
importance for verification of the model (MARKAL). For the period 2012-2016, real data derived

from Weather Underground have been used and as seen in Figure 8, which shows the energy demand

in the Energy sector except transport, in 2012 and 2015, as a result of the lower average temperature,

there was a greater heating demand, than in 2013 and 2014, where the demand is significantly reduced

due to the higher average temperature. Energy projections for the period after 2016 are performed

using average heating and cooling degree days. These degree days are calculated based on the historical

data for the period 2000-2016, again using the source Weather Underground.
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In the Reference scenario it is presumed that on the demand side technologies with higher efficiency

than the ones existing in the base year 2012 will not be procured. There is just a possibility for switch

of technology utilizing one type of fuel with technology utilizing other type of fuel.

Energy Industries

On the supply side, beside the existing technologies, a possibility to include the following new

technologies is considered:

» Thermal Power Plants (TPP) on domestic lignite and TPP on imported coal with high calorific

value;

» TPP and Combined Heat and Power Plants (CHP) on natural gas to the capacity of the existing

gas pipeline;



» Renewable sources with feed-in tariffs (hydro, wind, photovoltaic, biogas and biomass) to the
capacity for which the Energy Regulatory Commission has already issued at least Decision for
at least a Decision for a temporary preferential producer;

» No new large hydropower plants are planned (due to the lack of interest of investors and/or
resistance of NGOs and local residents);

» No connection to a new regional gas pipeline is planned, given the cutrent situation in the

region, which means that only the capacity of the existing pipeline is available.

3.12 Method

As support and help in forecasting the energy demand in the period until 2035, the MARKAL
(MARKet ALlocation) program package is used. MARKAL is a complexed model for planning the
development of the overall energy sector at local, national and/or regional level. Different parameters
such as energy and fuel prices, power plants prices, their characteristics, characteristics of the
construction buildings etc., are input data on the basis of which the program chooses an optimal

technological mix to meet the energy demand at a minimum price.

In order to meet the electricity demand, the MARKAL model chooses those technologies that have
the lowest cost of electricity generation, which includes the investment costs of a particular energy
facility, the fixed and variable maintenance costs as well as the costs of fuel consumed by a certain
power plant or if the electricity from imports is cheaper, the model imports electricity. In the process

of optimization, MARKAL implements the balance of both, the power and the electricity produced.

The model itself is divided in two part, supply and demand side. Both, on the supply side and on the
demand side, there are two types of technologies: existing and new. The existing technologies imply
those technologies used in the base year, in this case 2012. These technologies have a certain lifetime,

after which they will be replaced with new technologies.

In the prediction of useful energy demand in Manufacturing Industries and Construction, a correlation
between the added value in this category and the GDP in Macedonia was made. It has been found
that there is a high correlation between these two parameters (according to the Pearson coefficient®)
and the equation for their linear dependence is calculated and shown in Figure 9. Based on the GDP
projections (depicted in the chapter Macroeconomic drivers) and based on the obtained equation, a
forecast of the added value in the Manufacturing Industries and Construction category is made.
Furthermore, based on the average percentage share of each industrial branch, a distribution of the

added value for each industrial branch was made.

* Pierson's coefficient represents a measure of linear correlation between two variables. It determines the degree of the
connection between the variables, or whether there is association between the variables of interest, the magnitude of

association, as well as the direction of the relationship



1,300

1,200 °
- y = 0.28x - 68,86..
2 1,100
3 e
(=] .

‘= 1,000 L
e e
= 900
o]
[ )
° ¢
= 800
> .
700 e
600
4,000 4,500 5,000 5,500 6,000 6,500 7,000
GDP

Figure 9. Dependence between value added in the category Manufacturing industries and construction and GDP

In the direction of enabling comparison of the results with the document elaborated for the Paris
Agreement (INDC), 2012 is chosen as a base year. The official statistical data for the following three
years (2013, 2014 and 2015) are a solid base for examining whether the model (MARKAL) works
properly and whether the basic assumptions entered reflect the real state. Additionally, the results for
the GHG emissions are compared to the emissions obtained in the National Inventory, where the
IPCC methodology has been applied. The difference in 2012, in the aspect of emissions and energy
consumption is less than 0.01%. In 2013, the final energy consumption experienced small difference
of 2%, in 2014 of 4.6%, and in 2015 of 7.5%. (Figure 10). One can feel free to say that these
percentages are acceptable, if one takes into account the constraint of the model to use technologies
with the same efficiency as the ones in 2012. By implementing the measures of the Third National
Energy Efficiency Action Plan, which estimates the energy savings just for the period until 2015, this

difference is annulled.
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Figure 10. Comparison of the Final energy consumption from the Energy Balance (State Statistical Office) and the results obtained from
MARKAL
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In this chapter, it is important to emphasize that for the first time in Energy sector, when it comes to
projections, CH,; and N>O emissions are calculated, thus achieving complete compliance with the
IPCC methodology.

3.1.3 Results

Final enetgy consumption

Based on the projections of useful energy and taking into account the available technologies in 2012
in Macedonia in all sectors on the demand side, the MARKAL model, based on least-cost criteria,
determines the final energy consumption by 2035. The results obtained for the final energy

consumption indicate:

P Increase by 91% in 2035 relative to 2012, i.e. from 1,830 ktoe to 3,497 ktoe (Figure 11);
» Average annual growth of 2.9%;

P Increase of the shatre of natural gas from 1.2% in 2012 to 6.3% in 2035;

P Decrease of the share of biomass of 2.5%, oil products of 2.2% and heat of 0.9%.

)
g
=3 I < L
2 B = o
— — —
I.I. 1 %
o e R -
Pr DTt B S O e 0 drdrdy
S ) o
— — N
= =} o
Q Q Q
WOM
== Biomass 2 Coal "= Electricity s Natural gas
[ Heat < « Oil products Renewables (Sol., Geo.)

Figure 11. Final energy consumption by fuels (in ktoe)

On the other side, from the analysis of the results by sector, the following can be concluded:

» Highest share in 2012 (31.7%) and in 2035 (32.5%) has the sector Manufacturing Industries
and Construction (Figure 12);

P Second in 2035 is the Residential sector, incrementing its share from 24.3% in 2012 to 27.1%
in 2035.

» Third in 2035 is the sector Transport, decrementing its share from 29.9% in 2012 to 26.7%
in 2035.
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Figure 12. Final energy consumption by sectors (in ktoe)

Electricity production

Electricity is of special importance because it is one of the few fuels produced in Macedonia, and
therefore special attention is payed. On the other hand, it is mainly produced in coal power plants that
have a major impact on GHG emissions, making the Energy sector a sector with the largest share in

GHG emissions in Macedonia. The Reference scenario envisages:

» Increase of the electricity consumption by 84% in 2035 (8,301 GWh) relative to 2012
(15,261 GWh) (Figure 13);

» Maximum exploitation of the existing pipeline capacity that will lead to increase of the
share in electricity production from gas-fired TPP and CHP (15.5%);

» Decrease of the share of the HPP from 12.4% (2012) to 11.7% (2035) since construction of
new HPP is not foreseen;

» Covering of the remaining part of electricity from coal-fired TPP, which continue being
predominant (63%, 2035);

P Significant decrease of the import of electricity with a share of 8.6% in 2035 (32.4% in
2012).
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Figure 13. Electricity generation (in GWh)

With regard to the installed capacity, and so as to meet the electricity demand, the results obtained
with the MARKAL model indicate an increase of 43%, i.e. an average annual growth of 1.6% (Figure

14). In order to achieve these numbers, it is foreseen:

P Phasing out of TPP Oslomej, its complete reconstruction and re-commissioning in 2021;

» Construction of a gas-fired TPP with capacity of 350 MW in the period 2020-2025, which
together with the existing gas-fired CHP will utilize the capacity of the pipeline to the highest
extent;

» Construction of a TPP running on (domestic) coal with capacity of 300 MW in the period
2025-2030;

» Construction of a coal-fired TPP with capacity of 60 MW (domestic), 300 MW (imported) and
600 MW (imported) in the period 2030-2035.

WOM |
== Lignite PP #w7v HFO PP =~ Gas CHP and PP
“«"=" Hydro PP Other renewables

Figure 14. Total installed capacity for electricity generation (in MV
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Gross inland consumption

In order to determine the GHG emissions in Macedonia, it is necessary to know the amount of the
gross inland consumption. Summing up the final energy consumption and the transformation input
(electricity and heat production), the amount of the gross inland consumption is obtained. According
to the analyses based on least-cost of the entire energy system, for the gross inland consumption, it is

envisaged:

P Increase by 125%, from 2,924 ktoe in 2012 to 6,572 ktoe in 2035 (Figure 15);
P Increase of the shate of coal to 60.8% in 2035 (49.6%, 2012);
P Increase of the share of natural gas to 9.9% in 2035 (3.9%, 2012), making it the fastest growing

energy source.
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Figure 15. Gross inland consumption (in ktoe)

GHG emissions

The increase of the gross inland consumption, especially the increased electricity production from coal
and gas contributes to an increase of CO, emissions by 58% in 2035 compared to 2012. The Reference

scenario envisages:

P Increase in emissions from 10,864 Gg CO»-eq in 2012 to 17,203 Gg CO,-eq in 2035 (Figure
16);

P Transport category will increase its share from 12.1% in 2012 to 15.8% in 2035;

P The share of Manufacturing Industries and Construction category will increase to 15.9% in
2035 (12.6%, 2012);

» Minimum increase of the Energy Industries share from 55.6% in 2012 to 56% in 2035;

P Decrease of the imported electricity shatre to 6.4 % in 2035 (15.4%, 2012).
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The amount of CH4 emissions in the Energy sector mostly depends on the category Fugitive emissions
from fuels. Almost 99% of this category emissions depend on coal excavation. Because in 2035, a part
of the coal for TPP is envisaged to be imported, which will lead to reduction of the excavation of coal,

one can state that:

» The amount of Fugitive emissions will be reduced from 165 Gg COz-eqto 77 Gg COs-eq
(Figure 17);

» Maximum CH, emissions are to be achieved in 2030 and they account for 427 Gg CO»-¢eq;

P Increase of the share of Residential category from 13.6% in 2012 to 30.1% in 2035.

0.1% 0.5%
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+ MEMO Item: Import of electricity
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Figure 17. CH, emissions in Energy sector by categories (in Gg COz-eq)
In the reference scenario for the N>O emissions it is envisaged:
P Increase of 55%, i.e. from 80 Gg COs-eq in 2012 to 124 Gg CO»-eq (Figure 18);

P The Transport category will take the primacy of the most intensive sector in 2035 with a share
of 35.4% (25.3% in 2012);



» In second place in 2035 is the Energy Industries category with a share of 32.3% (31.1% in
2012).
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Figure 18. N>O emissions in Energy sector by categories (in Gg COz-eq)

Analyses of the total GHG emissions in the sector Energy illustrate:

» permanent growth from 2020 to 2035

P> 56% increase in 2035 compared to 2012

P total 17,580 Gg CO»-eq in 2035 (Figure 19)

» CO; emissions share of 97.9% in 2035 (96.2% in 2012)
» CH, emissions share of 1.4% in 2035 (3.1% in 2012)
» N:O emissions share of 0.7% in 2035 (0.7% in 2012)
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Figure 19. Total GHG emission in Energy sector by gasses (in Gg COz-eq)



Total costs in Energy sector

Concerning the total annual costs in the Energy sector, the results obtained from the MARKAL model
point out the following:

P Increase by about 3.5 times, and from 1,633 million EUR in 2012 will reach 5,669 million
EUR in 2035 (Figure 20). (The increase is mostly due to investments in technologies on
demand side and on supply side, in order to meet the energy demand);

P Investment costs on demand side are expected to reach 1,972 million EUR in 2035, which is

over 30% of the total costs.
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Figure 20. Annual costs in Energy sector (in Mill. EUR)

3.2 Industrial Processes and Production Use

3.2.1 Key assumptions

Based on historical data, in the IPPU sector in Macedonian, emissions are emitted only in the following

categories:

» Mineral Industry

» Chemical Industry

» Metal Industry

P Product Uses as Substitutes for ODS

The basic assumption used to plan emissions in these categories is that they are mainly dependent on
the increase of the added value in the specific industry. Based on this assumption, an analysis of the
correlation between the emissions and the added value in the specific industry was made. However,
this assumption does not apply to the category Product Uses as Substitutes for ODS, where the main
source of emissions are imported appliances (such as refrigerators and air conditioners). Emissions in

this category may be related to the number of refrigerators and air conditioners existing in the country



on an annual basis. However, in calculating the GHG inventory, for this category Level 1 (Tier 1)
method was used, which assumes that all imported appliances emit 100% of their emissions in one
year, not taking into account in the specific year the existing appliances that have been imported in
previous years (since their emissions are calculated in the year they were imported). Therefore, it is
assumed that the emissions depend only on the import in the specific year, and it is additionally
assumed that the import depends on the GDP growth. The connection of this category with the
number of refrigerators and air conditioners is important because when projections are made, the
number of refrigerators and air conditioners can be taken from the forecasts made by the MARKAL
model and thus gain greater integration of the sectors. Also, it is assumed that in the other categories

of this sector, the emissions will remain zero.

3.2.2 Method

A correlation analysis between historical emission and added value data in the specific industry for the
Mineral and Metal Industry using the Pearson coefficient is made. The results show a great linear
dependence between these pairs of variables and, therefore, again based on historical data, an equation
for the dependence of emissions on the added value, in the specific industry, is calculated. These
equations, together with historical data on the Mineral and Metal Industry are shown in Figure 21 and

Figure 22.
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Figure 21. Dependence between GHG enrissions and valune added in the Mineral industry
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Figure 22. Dependence between GHG emissions and value added in the Metal industry

Historical data show that emissions in the Chemical Industry are at the same level in the last thirteen
years. Additionally, their share in total emissions from this sector is less than 0.001% in the previous
years. Therefore, it is assumed that this amount of emissions in the coming years will remain at the

same level.

As to the emissions from the category Product Uses as Substitutes for ODS, a correlation with the
total GDP in Macedonia was made. Since the results show high correlation, the equation for the linear

dependence between the GDP and the emissions in this category is calculated (Figure 23).
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Figure 23. Dependence between GHG enrissions in the category Product Uses as Substitutes for Ozone Depleting Substances and total GDP

3.2.3 Results

Based on the GDP growth (shown in the section on macroeconomic drivers) and the equations

derived from historical data, emissions for the IPPU sector in the period up to 2035 were calculated.



As can be noticed, in the Mineral Industry there is a decreasing trend of emissions, that up to 2035
will decrease by 12% relative to 2012 and will account for 250 Gg CO»-eq (Figure 24).
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Figure 24. Realised and projected GHG emissions and value added in the Mineral industry (in Gg CO2-¢q)

Because there are no large emissions in the Chemical Industry, it is predicted that emissions will

remain at the same level and in 2035 they will amount to 0.01 Gg CO»-eq.

Concerning the emissions in the Metal Industry, it can be noted that they grow together with the
growth of the added value in the Metal Industry. Accordingly, emissions in 2035 amount to about 690
Gg COs-eq, and in 2012 they were about 400 Gg CO;-eq, which means an increase of about 73% is
predicted (Figure 25).
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Figure 25. Realised and projected GHG emissions and value added in the Metal industry (in Gg CO r-eq)

The emissions in the category Product Uses as Substitutes for ODS follow the growth of the GDP
in Macedonia, and according to the equation for their interdependence, in 2035 they increase by
about 180% compared to 2012, and amount to about 270 Gg CO»-eq (Figure 20).
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Figure 26. Realised and projected GHG emissions in the category Product Uses as Substitutes for Ozone Depleting Substances and GDP (in

Gg CO»eq)

When all these projections of emissions in the IPPU sector are summarized, Figure 27 shows that

emissions in 2035 increase by about 55% compared to 2012. This means that emissions from the
IPPU sector will reach 1,206 Gg COs-eq in 2035. The Metal Industry will remain as the most
dominant category with an emission share of 57% in 2035 (51.1% in 2012). The Chemical Industry

will significantly reduce its share and from 36.5% in 2012, in 2035 will participate with 20.5%. As a

result of the decrease in the share of the Chemical Industry, the category Product Uses as Substitutes

for ODS will account for 22.5% in 2035 (12.5% in 2012).
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3.3 Agriculture, Forestry and Other Land Use

3.3.1 Key assumptions

Livestock

During the activities related to livestock production, greenhouse gases are emitted, mainly as a result
of enteric fermentation and manure management. It is forecasted that the trend of GHG emissions in
Livestock will be descending. In addition, it is expected that the emissions will decrease by 10% in the
next 20 years, primarily due to the reduction of domestic animals population as well as the changes in
the productivity of livestock production. However, despite the negative trends in GHG emissions

from livestock production, three scenarios are elaborated, so as to further reduce them.

Forestry

In the Reference scenario for the Forestry sector, it is assumed that with regard to afforestation there
will be very little or almost no changes in forest land. It is also assumed that there will be annual losses
of forests caused by fires that are equal to the average of the last fifteen years. The same assumption
is taken into account for the forest-cutting activities, i.e. the annual harvest is equal to the average of

the last fifteen years.

Agriculture and Land Use

GHG emissions from plant production are a consequence of several major sources, such as inadequate
and excessive fertilization with mineral fertilizers, which in the long run cause severe reduction of
organic matter in soils and significant CO, emissions; Rare and inadequate use of manure on surfaces;
Conversion of the land use from extensive to intensive plant production system; Inadequate

management of arable land and improper management of fertilization.

3.3.2 Method

Livestock

In order to anticipate future GHG emissions from the activities related to livestock production, a
Reference scenario is prepared initially without application of mitigation measures. The projection is
based on: a) Trends in the number of heads; B) Forecasts of changes in production systems for each
species of domestic animals, and ¢) Changes in the level of productivity in each production system
and for each species of domestic animals, separately. In the Reference scenario, the current state of
productivity and management method of the farms was taken as a starting point. In general, the size
of the population of domestic animals is expected to be reduced. This decrease began in the early 90's
of the last century. It strikes the most the cattle, sheep, goats and horses. In contrast, in pig breeding
and poultry, the reduction in the number is not so pronounced, primarily because of the specific mode

of production, which is usually intense.



The data used in the forecasts for future GHG emissions emitted as a result of activities related to
livestock production are taken from different sources for each type and production system separately.
For ruminants and horses, official statistics for the period 1990-2014 were used. With these data,
extrapolation equations for the number of heads were derived. However, for the number of pigs and
poultry, the predictions about the size of population are based on expert opinion. For all types of

domestic animals in the Reference Scenario, in 2015 the official statistics for 2015 are used.

In cattle breeding milk cows and other cattle are contained. The presence of organized farms with
more than 50 milk cows is very low (about 1-2%). However, from an economic, productive point of
view, and from the aspect of efficiency in the work, it is realistic to expect that many of the small
farms (farms with fewer than 10-15 heads) will disappear in the future, against the increase in the
number of organized dairy farms with more heads. The projection assumes that the participation of
organized farms with more than 50 dairy cows will be 5% of the total dairy farms in 2020. In each 5
years subsequently, an additional 5% of dairy farms will be transformed into organized, thus in 2035
their share is expected to be 25% of the total number of dairy farms. On these farms advanced
techniques of nutrition and improved management and treatment of manure would be implemented.
In this way, even the current descending trend of dairy cows population to remain (drop of about 15%
by 2035), milk production is expected to increase, primarily due to increased production per head.
Other cattle are also expected to experience a moderate decrease in the population, primarily due to
cross-breeding of the local with more productive breeds, but it is also expected that some of the very

extensive farms in the remote mountain regions will completely disappear.

Production systems in sheep and goat breeding are under strong pressure due to a lack of skilled labor,
but also because of low productivity. Most of the sheep breeders are older family members. Unless
some rapid demographic changes occur, the reduction in the sheep and goat population will continue.
If the current trend (1990-2014) continues, then it is realistic to expect a decrease in the population
by an additional 25% by 2035 (Table 4).

The population of ungulates (horses and donkeys) counts nearly 20,000 heads. This population
contributes insignificantly to the GHG emissions and is expected to remain stable in the coming

period.

The number of pigs in the coming period is expected to remain stable, due primarily to the specific
intensive system. At the same time, it is expected that the productivity and structure of the herds will
change as well as the number of farms that will use modern breeding technologies. Therefore, the
projection is that by 2035 the population of pigs will decrease (from 23,511 in 2014 to 20,000 in 2035),
but at the same time, the number of pigs for fattening will increase from 141,542 (2014) to 160,000
(2035).

Poultry is also expected to follow the trend as pig breeding, where the total population would be
slightly reduced, while the number of intensive farms for laying hens, broilers and turkeys would

increase.

29



Table 4. Statistical (2013, 2014 u 2015) and foreseen data on the number of domestic animals used in forecasting GHG emissions in
Livestock

Types and categories 2013 2014 2015 2020 2025 2030 2035
Dairy cows 154,487 155,432 156,699 144,814 140,534 136,381 132,350
Other cattle 83,846 86,175 96,743 93,671 92,405 91,318 90,367
Sheep 572,961 575,833 619,839 480,725 461,817 442910 424,002
Sheep up to 1 year 158,867 164,624 113,671 120,756 116,096 112,043 108,457
Goats 75,028 81,346 88,064 44,462 36,559 28,655 20,752
Horses 20,682 19,371 18,784 19,921 19,926 19,931 19,936
Swine 26,724 23511 20,857 22,000 21,000 20,000 20,000
Fattening pigs 140,768 165,053 174,586 165,000 168,000 170,000 180,000
Poultry 1,737,505 1,911,811 1495915 1,820,645 1,910,712 2,005,922 2,106,577
Laying hens 1623,130 1,884,289 1,423,841 1,790,075 1,879,578 1,973,557 2,072,235
Broilers 90,184 4,355 51,256 6,532 7,839 9,406 11,288
Turkeys 3,491 3,690 2,910 5,535 6,642 7,971 9,565
Other poultry 20,700 19,477 17,908 18,503 16,653 14,988 13,489

Forestry

In the preparation of this scenario, it was assumed that in the future, except for forest fires, there will
be no other losses on forest land. In doing so, the forest land in 2013 was taken and the average annual
losses from fires for the period 1999-2015 and their share in the balance of carbon from forests were

calculated.

Agriculture and Land Use

In defining the WOM scenario for the AFOLU sector, the hypothesis that the rate of conversion of
the land for the period 2000-2014 will keep the same trend by 2035. The assessment of the values for
the period 2013-2035 was prepared by means of simple extrapolation method. Still, it is very difficult
to make forecasts for the land use trends and change in land use for such a long period of time.
However, CO; emissions are calculated according to the basic dynamics of the past changes in land
use. In addition, in this scenario, it was assumed that no mitigation measures will be applied, i.e. the

usual practice in land use will be continued.

3.3.3 Results

Dairy cows and other cattle are the main emitters of greenhouse gases in livestock production, while
other the species (sheep, goats, horses, pigs and poultry) participate considerably less. Enteric
fermentation will remain the main source of methane emissions. However, it is projected that methane
emissions would be reduced by about 6.3%, primarily due to the reduction of population in ruminant
animals. The emissions of methane from manure management will be reduced by 8.6%. The reduction
of N,O emissions from manure management in the period from 2014 to 2035 is projected to decrease
by 11.3%. The total emissions of methane in CO»-eq in 2014 was 633.14 Gg (Table 5). It is predicted
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that in 2035 these emissions will be 567.21 Gg CO»-eq. The emissions of nitric oxide would drop from
41 Gg COs-eq (2014) to 36 Gg COs-eq in 2035. The total GHG emissions from activities related to
livestock production in CO2-eq in 2014 were 673.65 Gg and it is projected to continuously decrease

in the next years to the level of 603.15 Gg in 2035.

Table 5. Estimated total emissions for the period 2012-2035 in the AFOLU sector

2012 2013 2014 2015 2020 2025 2030 2035
Gg COsq
Livestock 692.6 666.4 673.6 6957 6304 6172 6045  603.1
Land 19365  -18148  -3181.1 2032 1116 4264 7412 1,056.0
Forest land 16650  -2097.0 34712  -5055 -243.8 180 2798 5415
Cropland 114.9 120.6 123.8 1286 1508 1729 1950 2171
Grassland 125.9 130.0 134.9 1393 1620 1847 2074  230.1
Settlements 24.2 25.0 25.9 267 314 355 39.8 442
Other land 6.5 6.6 55 76 115 15.4 193 232
Aggregate sources and non-CO;
emissions sources on land 326.7 3228 328.2 3289 3374 3459 3544 3630
Urea application 5.7 5.7 5.7 5.9 6.4 6.9 75 8.0
Direct N:O emissions from 19822 196.0 197.7 1982 2006 2030 2053 2077
managed soils
Indirect N;O emissions from 72,0 71.3 72,0 721 727 73.4 74.0 74.7
managed soils
Inditect N;O emissions from 27.9 26.8 27.3 276 273 27.0 26.6 26.3
manure
Rice cultivations 22.9 22.9 25.4 251 304 35.7 41.0 46.4
Other 216 22 0.0 222 222 05 222 222

The emissions from the AFOLU sector in the WOM scenario in 2035 were 32% lower than the

emissions in 2012 (the year in which a non-standard large forest area was burned, and as a result,

instead of absorption - negative emissions, there were positive emissions from the forest land). It is

estimated that the total emissions from this sector in 2035 will be equal to 2,000 Gg COs-eq. After

2020 it is projected that the amount of CO, emitted from the wood mass of forests will be higher than

the amount of CO, that the forests will absorb. This means that the forests will be unsustainable, i.e.

there will be more harvesting of wood than the annual growth of wood.
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3.4 Waste

3.4.1 Key assumptions

The connection of the Waste sector with the sectors Energy and IPPU is in the same key drivers used,
i.e. GDP and population (explained in the section on macroeconomic drivers). In addition to these
two parameters, in this sector, the amount of waste per capita is additionally used. For this purpose,
a comparison of the amount of waste per capita in Macedonia with the countries in the nearby region
as well as with the European Union 28 (EU28) was made, and it can be concluded that its value in
2014 in Macedonia was 23% lower than the one in EU28. In Europe, there is obviously a downward
trend in the amount of waste per capita, while in Macedonia there is generally a trend of growth. The
assumption is that these trends will continue and in 2035 Macedonia will have the same level of waste
per capita as the EU28 (Figure 29). The estimated amount of waste per capita corresponds to the
amount of waste that Bulgaria and Croatia had in 2014,
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Figure 29. Quantity of municipal waste per capita in the Republic of Macedonia, EU28 and conntries in the SEL region (in kg/ capita)

3.4.2 Method

A completely new model in Excel has been developed to calculate emissions from the Waste
sector, which is based on the methodology implemented in the IPCC software and thus covering all
subcategories of the Waste sector. With the help of this software and the assumptions made, the

emissions for the period until 2035 are calculated.

3.4.3 Results

Based on the input data for the Waste sector, the calculations show that:

» The total GHG emissions will increase by 97% in 2035 (4,944 Gg CO;-eq) compared to 2012
(Figure 30);

P The largest emissions remain in the subcategory Solid Waste Disposal with a share of 97.4%
in 2035 (94.3% in 2012);



P Each of the other subcategories participates with less than 1%;
P Observed by emissions, the most common is CH4 with a share of almost 99% in 2035 (97.3%
in 2012) (Figure 31).
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3.5 Total emissions

When summarizing the results from all sectors (Figure 32), the following conclusions are obtained:

P Continuous increase in GHG emissions from 2015 to 2032



Increase of GHG emissions by 49% in 2035 compared to 2012

The year with the highest emissions is 2035 with 25,585 Gg CO»-eq

The Energy sector is the sector with the largest share of 68% in 2035 (66% in 2012)

Waste is the sector with the highest growth of 130% in the period 2012-2035

Instead of absorbing CO; emissions (negative), the Forestry category as of 2019 starts to emit

vvyvVyvyy

(positive), which is a major indicator that the use of biomass in Macedonia becomes

unsustainable.
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Figure 32. Total GHG emissions by sectors - WOM scenario (in Gg COz-eq)
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4 Mitigation measures and their individual effect

The mitigation measures were selected with a broad participatory approach, at the workshop organized
for the key stakeholders, followed by additional consultations, which was a step further to the process
of development of mitigation scenarios. All measures/policies (Table 62) used in the climate change
mitigation scenarios (WEM and WAM) are presented in this chapter and their individual effect is

evaluated relative to the Reference scenario.

4.1 Energy

In the Energy sector, a total of 35 measures are analyzed, divided in the following categories: Energy
industries, Residential, Non-specified (Commercial and Service sector), Manufacturing Industries and

Construction and Transport.

4.1.1 Energy industries

In the Energy industries subcategory 11 measures in total are modelled and analyzed. The most

relevant information for these measures/policies is given from Table 6 to Table 15.

Table 6. Rednction of distribution losses

Mitigation action: Reduction of distribution losses

Main objective: Reduction of losses in electricity and heat distribution networks

Description: Operating and constructive measures necessary for losses reduction, implemented by
distribution networks operators. Energy suppliers and distribution companies have obligation to
achieve a certain amount of annual energy savings at end-user level.

Type Technical
Sector Energy — Energy industries
P Strategy for Energy Development in the Republic of
< Relevant planning documents, Macedonia
‘§ legal and regulatory acts » Development plan of EVN Macedonia, AD
X » Development plan of Balkan Energy Group (BEG)
S | Gases CO», CHs, N2O
Technical interventions on the distribution network. Bottom-up
Methodology modeling and least-cost optimization using the MARKAL model.
IPCC Methodology
Assumptions Technical interventions will reduce the losses from 17% to 11%

P A General investment plan in electricity distribution network
S is developed for the next 20 years.
teps taken > Imol . P . d
mplementing measures for operation improvement an
losses reduction in the heat distribution system.

P Replacement old electric transformer with new transformers
Steps taken or at 20 kV voltage level
envisaged to P Reduction of the reactive power in the power network
achieve the P Rehabilitation of the hot water distribution network,
action Steps replacement of the existing pumps in the heating substations

envisaged with new energy efficient pumps and other measures for

Progress of implementation

energy efficiency improvement.

P Installation of modern equipment for regulation and
monitoring in the heating substations for control and
reduction of the consumed heat.



Results achieved and
estimated outcomes

Estimated emission
reductions

Timeframe

Costs (in 2030)

Implementing entity

Progress indicators:

Achieved energy savings:

P 3.40 ktoe in 2015

Estimated energy savings:

> 56 ktoe (652 GWh) in 2025
» 61 ktoe (707 GWh) in 2030
> 66 ktoe (768 GWh) in 2035

> 438 Gg COz-¢q in 2025

> 619 Gg COxreq in 2030
> 509 Gg COxeq in 2035
2017 — 2035

Costs for the Reference scenario:

> 1,332.4 M€

Costs in the scenarios with implemented measure

> 13221 M€

Specific costs:

VV VVY

> -16.6 €/t COzeq

Electricity distribution companies

Heat distribution companies

Energy Agency of the Republic of Macedonia, Ministry of
Economy

Energy savings (ktoe/ GWh)

Emissions reductions (Gg CO2-eq)

w
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Table 7. Large hydro power plants

Mitigation action: Large hydro power plants

Main objective: Increase of the domestic generation capacity from renewable energy sources

Description: Construction of new large hydro power plants

Information

Progress of implementation

Type

Sector

Relevant planning documents,
legal and regulatory acts

Gases

Methodology

Assumptions

Steps taken or Steps taken
envisaged to
achieve the

. Steps
action

envisaged

Results achieved and estimated
outcomes

Estimated emission reductions

Timeframe

Costs (in 2030)

Implementing entity

Progress indicators:

Technical

Energy — Energy industries

P Strategy for Energy Development in the Republic of Macedonia

P Strategy for utilization of renewable energy sources in the
Republic of Macedonia

» Development plan of ELEM AD (JSC Macedonian Power
Plants).

COz, CH4, N2O

Large hydro power plants construction. Bottom-up modeling and

least-cost optimization using the MARKAL model. IPCC

Methodology.

It is envisaged construction of large hydro power plants according to

the following dynamics:

Boshkov most — 2022

Lukovo pole — 2022

Shpilje, upgrade and revitalization — 2023

Tunnel Vardar — Kozjak— 2025

Globochica IT — 2026

Veles — 2027

Chebren — 2033

Gradec — 2033

P Feasibility/pre-feasibility studies developed
P Call for tender for Chebren opened

VVVVVVYYVYY

Invitation for tenders for construction of the others hydro power
plants, selection of the best bidder and commencement of the
construction.

Expected installed capacity and electricity generation:
> 113 MW and 372 GWh in 2025
> 235 MW and 710 GWh in 2030
» 623 MW and 1240 GWh in 2035

> 244 Gg COz-eqin 2025
» 514 Gg COz-eqin 2030
> 753 Gg CO2z-eqin 2035

2018 — 2035
Costs for the Reference scenario:
> 1,332.4 M€
Costs for the Scenatio with implemented measure:
> 1,329.5 M€
Specific costs:
> -5.7€/tCOzreq
ELEM AD (JSC Macedonian Power Plants).
Ministry of Environment and Physical Planning
Energy Agency of the Republic of Macedonia, Ministry of
Economy
Increase in installed capacity (MW)
Increase in electricity generation (GWh)
Emissions reductions (Gg COz-eq)
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Table 8. Small hydro power plants

Mitigation action: Small hydro power plants
Main objective: Increase of the domestic generation capacity from renewable energy sources

Description: Construction of new small hydro power plants and introduction of flexible feed-in premium tariffs to
stimulate the construction

Information

Progress of implementation

Type

Sector

Relevant planning documents,
legal and regulatory acts

Gases

Methodology

Assumptions

Steps taken

Steps taken or
envisaged to
achieve the

. Steps
action

envisaged

Results achieved and estimated
outcomes

Estimated emission reductions

Timeframe

Costs (in 2030)

Implementing entity

Progress indicators:

Technical
Energy — Energy industries
Strategy for Energy Development in the Republic of Macedonia
P Strategy for Utilization of Renewable Energy Soutces in the
Republic of Macedonia
» Renewable Energy Action Plan
» Law on Energy
CO,, CH4, N,O
Small hydro power plants construction and preparation of regulation
on feed-in premium tariffs. Bottom-up modeling and least-cost
optimization using the MARKAL model. IPCC Methodology.
Through stimulation with feed-in premium tariffs, it is envisaged that
by 2035 additional capacity of 85 MW in small hydro power plants
will be constructed, compared to the Reference scenario (or total

capacity of 147 MW).
Regulation on feed-in tariffs adopted (17.04.2013)

» Construction of all small hydro power plants with a provisional
status of a privileged producer

» Announcement of a new tender for allocation of construction
locations for new small hydro power plants

P> Modification of the Regulation on feed-in tariffs to introduce
flexible feed-in premium tariffs

Achieved installed capacity and average annual electricity generation:
» 67 MW and 237 GWh by 15.05.2017

Expected installed capacity and electricity generation:
» 51 MW and 171 GWh in 2025
» 73 MW and 246 GWh in 2030
> 85 MW and 287 GWh in 2035

> 113 Gg COsz-eq in 2025

> 229 Gg COz-eqin 2030

> 189 Gg COz-eqin 2035

2017 — 2035

Costs for the Reference scenario:
> 1,332.4 M€

Costs for the Scenario with implemented measure:
> 1,330.7 M€

Specific costs:

> -74€/tCOzxreq

Government of the Republic of Macedonia

Energy Regulatory Commission

Ministry of Environment and Physical Planning

Ministry of Economy, Energy Agency of the Republic of

Macedonia

Private investors

Increase in installed capacity (MW)

Increase in electricity generation (GWh)

Emissions reduction (Gg CO2-eq)

VVVV VVYVY



Table 9. Solar power plants

Mitigation action: Solar power plants
Main objective: Increase of the domestic generation capacity from renewable energy sources

Description: Construction of solar power plants (larger than 10 kW) and introduction of flexible feed-in premium
tarifts to stimulate the construction

Information

Progress of implementation

Type
Sector

Relevant planning documents,
legal and regulatory acts

Gases

Methodology

Assumptions

Steps taken or
envisaged to
achieve the
action

Steps taken
Steps

envisaged

Results achieved and estimated
outcomes

Estimated emission reductions

Timeframe

Costs (in 2030)

Implementing entity

Progress indicators:

Technical, regulatory

Energy — Energy industries

P Strategy for Energy Development in the Republic of Macedonia

P Strategy for Utilization of Renewable Energy Soutces in the Republic
of Macedonia

» Renewable Energy Action Plan

» Law on Energy

COz, CHy, N2O

Solar power plants construction and preparation of regulation on feed-in

premium tariffs. Bottom-up modeling and least-cost optimization using

the MARKAL model. IPCC Methodology.

Through stimulation with feed-in premium tariffs, it is envisaged that by

2035 additional capacity of 100 MW in solar power plants will be

constructed, compared to the Reference scenario (or total capacity of 118

MW).
Regulation on feed-in tariffs adopted (17.04.2013).

Modification of the Regulation on feed-in tariffs to introduce flexible
feed-in premium tariffs.
Achieved installed capacity and average annual electricity generation:
» 16.7 MW and 21.4 GWh by 15.5.2017
Expected installed capacity and electricity generation:
» 17 MW and 23 GWh in 2025
» 60 MW and 84 GWh in 2030
> 100 MW and 140 GWh in 2035
> 15 Gg COz-eqin 2025
P> 84 Gg COz-¢qin 2030
> 90 Gg COz-eqin 2035
2017 — 2035
Costs for the Reference scenario:
> 1.332,4 M€
Costs for the Scenario with implemented measure:
> 1.3323 M€
Specific costs:
> -1,4€/t COzreq
Government of the Republic of Macedonia
Energy Regulatory Commission
Ministry of Economy, Energy Agency of the Republic of Macedonia
Private investors
Increase in installed capacity (MW)
Increase in electricity generation (GWh)
Emissions reduction (Gg CO2-eq)

VVVVYVYYVYY

40



Table 10. Solar rooftop power plants

Mitigation action: Solar rooftop power plants

Main objective: Increase of the domestic generation capacity from renewable energy sources
Description: Construction of solar rooftop power plant and introduction of “net metering”

Information

Progress of implementation

Type
Sector

Relevant planning documents,
legal and regulatory acts

Gases

Methodology

Assumptions

Steps taken or
envisaged to
achieve the
action

Steps taken

Steps
envisaged

Results achieved and estimated

outcomes

Estimated emission reductions

Timeframe

Costs (in 2030)

Implementing entity

Progress indicators:

Technical, regulatory

Energy — Energy industries

P Strategy for Energy Development in the Republic of Macedonia

» Renewable Energy Action Plan

» Law on Energy

CO», CHy4, N2O

Solar rooftop power plants construction. Bottom-up modeling and least-
cost optimization using the MARKAL model. IPCC Methodology..

A construction of 80 MW of solar rooftop power plants is envisaged by
2035.

Analyzes performed and public debates conducted for the introduction of
"net measurement", organized by the Macedonian Energy Association
within the Macedonian Chamber of Commerce, in the framework of the
Forum for Renewable Energy Sources.

Introduction of “net metering” system

Expected installed capacity and electricity generation:
» 18 MW and 25 GWh in 2025
» 55 MW and 77 GWh in 2030
> 80 MW and 111 GWh in 2035
> 19 Gg COz-eqin 2025
> 88 Gg COz-eqin 2030
P> 86 Gg COz-eqin 2035
2017 — 2035
Costs for the Reference scenario:
> 1,332.4 M€
Costs for the Scenario with implemented measure:
> 1,331.2 M€
Specific costs:
> -13.2€/tCOreq
Government of the Republic of Macedonia
Energy Regulatory Commission
Ministry of Economy, Energy Agency of the Republic of Macedonia
EVN AD Macedonia (Distribution company)
End-users of electricity
Increase in installed capacity (MW)
Increase in electricity generation (GWh)
Emissions reduction (Gg CO2-eq)
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Table 11. Wind power plants

Mitigation action: Wind power plants

Main objective: Increase of the domestic generation capacity from renewable energy sources
Description: Construction of wind power plants and introduction of flexible feed-in premium tariffs to

stimulate the construction

Type
Sector

Relevant planning
documents, legal and

S regulatory acts

~

N}

g

S, Gases

=S
Methodology
Assumptions

Steps taken or Steps

envisaged to taken

achieve the

action StePs
envisaged

Results achieved and
estimated outcomes

Estimated emission
reductions

Timeframe

Progress of implementation

Costs (in 2030)

Implementing entity

Progress indicators:

Technical, regulatory

Energy — Energy industries

P Strategy for Energy Development in the Republic of Macedonia

P Strategy for Utilization of Renewable Energy Soutces in the
Republic of Macedonia

» Renewable Energy Action Plan

> Law on Energy

COz, CH4, N2O

Wind power plants construction and preparation of regulation on

feed-in premium tariffs. Bottom-up modeling and least-cost

optimization using the MARKAL model. IPCC Methodology.

It is envisaged that by 2035 additional capacity of 263 MW in wind

power plants will be constructed, compared to the Reference scenario

(or total capacity of 300 MW)

P Regulation on feed-in tariffs adopted (17.04.2013).
P Credit line for realization of the second phase of Wind patk -
Bogdanci approved
Modification of the Regulation on feed-in tariffs to introduce flexible
feed-in premium tariffs.
Achieved installed capacity and average annual electricity generation:
> 36.8 MW u 110 GWh by 15.05.2017
Expected installed capacity and electricity generation:
> 113 MW and 237 GWh in 2025
» 263 MW and 534 GWh in 2030
» 263 MW and 534 GWh in 2035
» 154 Gg COz-eqin 2025
P> 456 Gg COz-eq in 2030
> 314 Gg COz-eqin 2035
2017 — 2035
Costs for the Reference scenatio:
> 1,332.4 M€
Costs for the Scenario with implemented measure:
> 1,332.4 M€
Specific costs:
> 0€/tCOzeq
Government of the Republic of Macedonia
Energy Regulatory Commission
Ministry of Economy, Energy Agency of the Republic of
Macedonia
JSC Macedonian Power Plants (ELEM AD)
Private investors
Increase in installed capacity (MW)
Increase in electricity generation (GWh)
Emissions reduction (Gg CO»-eq)
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Table 12. Biogas power plants

Mitigation action: Biogas power plants

Main objective: Increase of the domestic generation capacity from renewable energy sources
Description: Construction of biogas power plants and introduction of flexible feed-in premium tariffs to

stimulate the construction

Type
Sector

Relevant planning
documents, legal and
regulatory acts

S

N

N

§ Gases

5
Methodology
Assumptions

Steps taken or Steps

envisaged to taken

achieve the

action StePs
envisaged

Results achieved and
estimated outcomes

Estimated emission
reductions

Timeframe

Progress of implementation

Costs (in 2030)

Implementing entity

Progress indicators:

Technical, regulatory

Energy — Energy industries

P Strategy for Energy Development in the Republic of Macedonia

P Strategy for Utilization of Renewable Energy Soutces in the
Republic of Macedonia

» Renewable Energy Action Plan

> Law on Energy

CO,, CHy, N2O

Biogas power plants construction and preparation of regulation on

feed-in premium tariffs. Bottom-up modeling and least-cost

optimization using the MARKAL model. IPCC Methodology.

Through stimulation with feed-in premium tariffs, it is envisaged that

by 2035 additional capacity of 15 MW in biogas power plants will be

constructed, compared to the Reference scenario (or total capacity of

22 MW)
Regulation on feed-in tariffs adopted (17.04.2013).

Modification of the Regulation on feed-in tariffs to introduce flexible
feed-in premium tariffs.
Achieved installed capacity and average annual electricity generation:
» 6 MW and 50.2 GWh by 15.05.2017
Expected installed capacity and electricity generation:
» 5MW and 35 GWh in 2025
» 10 MW and 70 GWh in 2030
» 15MW and 105 GWh in 2035
> 23 Gg COsz-eqin 2025
> 65 Gg COsz-¢qin 2030
» 71 Gg COz-eqin 2035
2017 — 2035
Costs for the Reference scenario:
> 1,332. M€
Costs for the Scenario with implemented measure:
> 1,332.3 M€
Specific costs:
> -09€/tCOzeq
Government of the Republic of Macedonia
Energy Regulatory Commission
Ministry of Economy, Energy Agency of the Republic of
Macedonia
Private investors
Increase in installed capacity (MW)
Increase in electricity generation (GWh)
Emissions reduction (Gg CO»-eq)
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Table 13. Biomass power plants (CHP optional)

Mitigation action: Biomass power plants (CHP optional)

Main objective: Increase of the domestic generation capacity from renewable energy sources

Description: Construction of biomass power plants (CHP optional) and introduction of flexible feed-in
premium tariffs to stimulate the construction

Information

Progress of implementation

Type
Sector

Relevant planning
documents, legal and
regulatory acts

Gases

Methodology

Assumptions

Steps taken or Steps

envisaged to taken
achieve the Steps
action envisaged

Results achieved and
estimated outcomes

Estimated emission
reductions

Timeframe

Costs (in 2030)

Implementing entity

Progress indicators:

Technical, regulatory

Energy — Energy industries

P Strategy for Energy Development in the Republic of Macedonia

P Strategy for Utilization of Renewable Energy Soutces in the

Republic of Macedonia

» Renewable Energy Action Plan

> Law on Energy
CO,, CHy, N2O

Biomass power plants construction and preparation of regulation on

feed-in premium tariffs. Bottom-up modeling and least-cost
optimization using the MARKAL model. IPCC Methodology.

Through stimulation with feed-in premium tariffs, it is envisaged that

by 2035 a capacity of 15 MW in biomass power plants will be

constructed.

Regulation on feed-in tariffs adopted (17.04.2013).

Modification of the Regulation on feed-in tariffs to introduce flexible

feed-in premium tariffs.

Achieved result: Currently (end of June 2017) the following capacity
is installed and the average annual electricity generation is expected to

be:
» 2.2MW and 12.8 GWh

Expected installed capacity and electricity generation:
» 10 MW and 40 GWh in 2025
> 12,5 MW and 50 GWh in 2030
» 15 MW and 60 GWh in 2035

» 55 Gg COzeqin 2025

» 90 Gg COz-¢eqin 2030

» 85 Gg COz-eq in 2035

2020 — 2035

Costs for the Reference scenario:
> 1,332.4 M€

Costs for the Scenatio with implemented measure:

> 1,332.9 M€
Specific costs:
> 5€/tCOzeq

Macedonia
Private investors

VVVV VVY

Government of the Republic of Macedonia
Energy Regulatory Commission
Ministry of Economy, Energy Agency of the Republic of

Increase in installed capacity (MW)
Increase in electricity generation (GWh)
Emissions reduction (Gg CO:-eq)



Table 14. Central heating of Bitola

Mitigation action: Central heating of Bitola

Main objective: Utilization of the waste heat from TPP Bitola
Description: Construction of central heating system in Bitola and utilization of the waste heat from TPP Bitola

Type
Sector
Relevant planning documents, legal

N
'§ and regulatory acts
] Gases
S
= Methodology
Assumptions

Steps taken or R

envisaged to

achieve the action  Steps

envisaged

Results achieved and estimated
outcomes

Estimated emission reductions

Timeframe

Progress of implementation

Costs (in 2030)

Implementing entity

Progress indicators:

Technical

Energy — Energy industries

»  Strategy for Energy Development in the Republic of Macedonia

» Development plan of JSC Macedonian Power Plants (ELEM AD)
COg, CH4, N2O

Central heating system construction. Bottom-up modeling and least-cost
optimization using the MARKAL model. IPCC Methodology.

A construction of a central heating system that will use the waste heat
from TPP Bitola is envisaged

P A decision for construction adopted

» Aloan from KfW Bank is provided

Opening a call for tender and commencement of construction

Expected installed capacity and heat generation:
» 100 MW and 60 GWh in 2025

> 25 Gg COz-eqin 2025
> 36 Gg COz-eqin 2030
> 25 Gg COz-eqin 2035
2015-2019
Costs for the Reference scenario:
> 1,332.4 M€
Costs for the Scenario with implemented measure:
> 1,333.1 M€
Specific costs:
> 20€/tCOzeq
Government of the Republic of Macedonia
JSC Macedonian Power Plants (ELEM AD)
Ministry of Economy, Energy Agency of the Republic of Macedonia
Increase in installed capacity (MW)
Increase in heat generation (GWh)
Emissions reduction (Gg COz-eq)
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Table 15. Natural gas power plants (CHP)

Mitigation action: Natural gas power plants (CHP)

Main objective: Reduction of import dependency and greater utilization of the gas pipeline system
Description: Construction of natural gas power plants (CHP)

Information

Progress of implementation

Type

Sector

Relevant planning documents, legal

and regulatory acts

Gases

Methodology

Assumptions

Steps taken
Steps taken or

envisaged to

achieve the action
Steps

envisaged

Results achieved and estimated
outcomes

Estimated emission reductions

Timeframe

Costs (in 2030)

Implementing entity

Progress indicators:

Technical

Energy — Energy industries

P Strategy for Energy Development in the Republic of Macedonia

» Development plan of JSC Macedonian Power Plants (ELEM AD)

P> Development plan of TE-TO AD Skopje

P Study for gasification of the Republic of Macedonia

CO,, CHy, N2O

Natural gas power plants construction. Bottom-up modeling and least-

cost optimization using the MARKAL model. IPCC Methodology.

It is envisaged that by 2035 additional capacity of 520 MW in natural

gas power plants will be constructed, compared to the Reference

scenario (or total capacity of 1120 MW).

P Analysis conducted - Study for optimization of the plant and the
technological process of “Energetika” - ELEM.

P Development plans of private companies (TE-TO AD Skopje)
developed

Expected installed capacity and electricity generation:
> 240 MW and 1,844 GWh in 2030
» 520 MW and 2,880 GWh in 2035

> 947 Gg COz-eq in 2030
> 1,247 Gg COs-eq in 2035

2025-2035
Costs for the Reference scenario:
> 1,332.4 M€
Costs for the Scenario with implemented measure:
> 1,329.8 M€
Specific costs:
P> -3€/tCOzeq
P Ministry of Economy, Energy Agency of the Republic of
Macedonia
JSC Macedonian Power Plants (ELEM AD)
TE-TO AD Skopje
Other private investors
Increase in installed capacity (MW)
Increase in electricity generation (GWh)
Emissions reduction (Gg CO»-eq)
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4.1.2 Residential and Non-specified (Commercial and Service sector)

In the Residential and Non-specified subcategories 15 measures in total are modelled and analyzed.

The most relevant information for these measures/policies is given from Table 16 to Table 30.

Table 16. Solar thermal collectors

Mitigation action: Solar thermal collectors
Main objective: Meeting the targets set in the Energy Efficiency Action Plan and the Renewable Energy Sources Action

Plan

Description: Installation of solar thermal collectors for hot water

Information

Progress of implementation

Type
Sector

Relevant planning documents,
legal and regulatory acts

Gases

Methodology

Assumptions

Steps taken or
envisaged to
achieve the
action

Steps taken

Steps
envisaged

Results achieved and estimated
outcomes

Estimated emission reductions

Timeframe

Costs (in 2030)

Implementing entity

Progress indicators:

Technical

Energy — Residential, non-specified (Commercial and service sector)
P  Strategy for Energy Development in the Republic of Macedonia
P Strategy for Utilization of Renewable Energy Soutces in the Republic of
Macedonia
COz, CHy, N2O
Installation of solar thermal collectors. Bottom-up modeling and least-cost
optimization using the MARKAL model. IPCC Methodology
It is envisaged that by 2035:
»  40% of hot water demand in urban houses,
P> 16% of hot water demand in utban apartments and
»  50% of hot water demand in rural areas
to be provide by solar thermal collectors
Reimbursement of part of the costs for purchased and installed solar thermal
collectors in the amount of 30%, but not more than 300 €, realized by the
Ministry of Economy. From 2007 to 2016, 14,785 requests were submitted,
out of which 4,237 were reimbursed.
Continuation of the incentive measures for solar thermal collectors
installation
Achieved annual energy savings:
» 4.9 ktoe (57 GWh) in 2015 (together with heat pumps)
Expected annual energy savings:
> 6.9 ktoe (80 GWh) in 2025
> 11.3 ktoe (132 GWh) in 2030
> 15.9 ktoe (185 GWh) in 2035
> 15 Gg COz-eqin 2025
> 83 Gg COz-eqin 2030
> 90 Gg COz-eqin 2035
2017 — 2035
Costs for the Reference scenario:
> 1,332.4 M€
Costs for the Scenario with implemented measure:
> 1,329.5 M€
Specific costs:
> -29€/tCOzeq
Ministry of Economy, Energy Agency of the Republic of Macedonia
End-users of heat
Energy savings (ktoe/GWh)
Emissions reduction (Gg COz-eq)
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Table 17. Labeling of electric appliances and equipment

Mitigation action: Labeling of electric appliances and equipment

Main objective: Penetration of appliances with higher efficiency (class A**, A*, A, B) and meeting the
target set in the Energy Efficiency Action Plan

Description: Labeling of electric appliances and equipment to provide relevant information on the energy
consumption of the products. The application of the labeling and eco-design of the products is
necessary to ensure that the products sold in Macedonia are in compliance with the EU regulations.

Type

Sector

Relevant planning documents,

'§ legal and regulatory acts
S
S Gases
=
Methodology
Assumptions

Steps taken or
envisaged to
achieve the
action

Steps taken

Steps
envisaged

Results achieved and
estimated outcomes

Estimated emission
reductions

Timeframe

Progress of implementation

Costs (in 2030)

Implementing entity

Progress indicators:

Regulatory
Energy — Residential, non-specified (Commercial and service
sector)

» Third Energy Efficiency Action Plan

» Rulebook on labelling consumption of energy and other
resources on devices using energy.

» Regulation on eco-design of products

COz, CHy, N2O

Labeling of electric appliances and equipment. Bottom-up

modeling and least-cost optimization using the MARKAL

model. IPCC Methodology.

As a result of this measure it is expected that by 2035 the share

of energy efficient technologies will be 2.5%.

» New Rulebook on labelling consumption of enetgy and
other resources on devices using energy adopted in
September 2016 by the Ministry of Economy

P Draft version of the new Regulation on eco-design of
products developed

Adoption of the new Regulation on eco-design of products

developed

Achieved annual energy savings:

» 0.7 ktoe (8.1 GWh) in 2015

Expected annual energy savings:

8.9 ktoe (103 GWh) in 2025

15.4 ktoe (178 GWh) in 2030

22.6 ktoe (262 GWh) in 2035

104 Gg COz-eq in 2025

202 Gg COz-eq in 2030

240 Gg COz-¢q in 2035

2017 - 2035

Costs for the Reference scenario:
> 1.332,4 M€

Costs for the Scenario with implemented measure:
> 1.3258 M€

Specific costs:
> -33€/tCOzeq

»  Ministry of Economy, Energy Agency of the Republic of

Macedonia

Producers and suppliers of electrical equipment and

household appliances

End-users

Energy savings (ktoe/GWh)

Emissions reduction (Gg COz-eq)
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Table 18. Phasing out of resistive heating devices and inclusion of more heat pumps

Mitigation action: Phasing out of resistive heating devices and inclusion of more heat pumps

Main objective: More efficient use of electricity to meet the target set in the Energy Efficiency Action Plan
Description: ~Phasing out heating devices with resistive heaters and their replacement with heat pumps in
compliance with EU Climate and Energy Policy

Type Regulatory, policy
Sector Energy — Residential, non-specified (Commercial and service sector)
Relevant planning documents, » Third Energy Efficiency Action Plan
legal and regulatory acts » EU Climate and Energy Policy
3 Gases CO,, CH4, N2O
§ Adopting a Decision that will prevent the sale of heating devices with
&é\ Methodology resistive heaters. Bottom-up modeling and least-cost optimization
= using the MARKAL model. IPCC Methodology

A Decision should be adopted in 2018, prohibiting the sale of
resistive heating devices. It is assumed that heating devices with

Assumptions resistive heaters will be gradually replaced with heat pumps. The
transition period would be about 15 years.
Steps taken or Steps taken /

envisaged to
achieve the

. Steps Adopting a Decision to ban the sale of heating devices with resistive
action

envisaged heaters.

Achieved annual energy savings:
> 4.9 ktoe (57 GWh) in 2015 (together with solar thermal

. . collectors
Results achieved and estimated )

§ outCOmes Expected annual energy savings:
N » 79 ktoe (918 GWh) in 2025
N > 128 ktoe (1,486 GWh) in 2030
3 > 196 ktoe (2,283 GWh) in 2035
S > 718 Gg COxeq in 2025
; Estimated emission reductions > 1,465 Gg COz-¢q in 2030
§J > 1,350 Gg COz-eq in 2035
& Timeframe 2017 - 2035
Costs for the Reference scenario:
> 1,332.4 M€
Costs (in 2030) Costs}forlt’};% S.coenMaélo with implemented measure:

Specific costs:
> -30 €/t COzeq
»  Ministry of Economy, Energy Agency of the Republic of

Implementing entity Macedonia
» End-users
o ) P Enetgy savings (ktoe/GWh)
Progress indicators: » Emissions reduction (Gg CO»-eq)



Table 19. Public awareness campaigns and network of energy efficiency (EE) info centers

Mitigation action: Public awareness campaigns and network of EE info centers
Main objective: Raising public awareness about the importance and benefits from buying and using
appliances with higher efficiency class in order to meet the target set in the Energy Efficiency Action

Plan

Description: Establishment of EE info centers in the local self-governments or Centers of the planning
regions, in which energy advisors will operate, will share free advice to the interested citizens about
the possibilities of saving energy and saving money in their homes

Information

Progress of implementation

Type
Sector

Relevant planning documents,
legal and regulatory acts
Gases

Methodology

Assumptions

Steps taken
Steps taken or
envisaged to
achieve the
action

Steps
envisaged

Results achieved and
estimated outcomes

Estimated emission
reductions

Timeframe

Costs (in 2030)

Implementing entity

Progress indicators:

Information

Energy — Residential, non-specified (Commercial and service
sector)

Third Energy Efficiency Action Plan

COz, CHy, N2O

Conducting information campaigns and opening information
centers for energy efficiency.

Bottom-up modeling and least-cost optimization using the
MARKAL model. IPCC Methodology.

Investment in public awareness rising campaigns that will
increase the share of more efficient appliances (with higher class
of efficacy) to 105 by 2035.

P Platform for energy efficiency, for education of the
population and journalists and expetience sharing of the
private sector for successfully implemented EE measures
implemented.

Info Center for Energy of the City of Skopje opened.

Free advices to the customers for reasonable consumption of
electricity enabled by EVN’s Customer Service Centre

vy

P Broadcasting of TV spots, announcements, campaigns and
documentary films
P Extension of the Platform for energy efficiency
» Continuous work of the existing and opening new
information centers.
Achieved annual energy savings:
» 2.7 ktoe (31 GWh) in 2015
Expected annual energy savings:
» 38 ktoe (447 GWh) in 2025
» 63 ktoe (735 GWh) in 2030
> 94 ktoe (1.100 GWh) in 2035
» 410 Gg COz-¢eqin 2025
> 893 Gg COz-eqin 2030
> 884 Gg COs-eq in 2035
2017 — 2035
Costs for the Reference scenario:
> 1,332.4 M€
Costs for the Scenario with implemented measure:
> 1,306.7 M€
Specific costs:
> 29 €/t COzeq
P> Ministry of Economy, Energy Agency of the Republic of
Macedonia
Energy suppliers
End-users
Energy savings (ktoe/GWh)
Emissions reduction (Gg COz-eq)
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Table 20. Retrofitting of existing residential buildings

Mitigation action: Retrofitting of existing residential buildings

Main objective: Retrofitting of existing residential buildings with aim to meet the target set in the Energy
Efficiency Action Plan
Description: Reconstructions of residential buildings including windows replacement, initiated by the
owners and/or supported by commercial banks and funds which exist in the Republic of Macedonia
This measure will provide issuing of certificates for enetgy performance of buildings, as a prerequisite
for putting the reconstructions into operation.

Information

Progress of implementation

Type

Sector

Relevant planning documents,
legal and regulatory acts

Gases

Methodology

Assumptions

Steps taken or
envisaged to
achieve the
action

Steps taken

Steps
envisaged

Results achieved and
estimated outcomes

Estimated emission
reductions

Timeframe

Costs (in 2030)

Implementing entity

Progress indicators:

Technical, regulatory

Energy — Residential

» Third Energy Efficiency Action Plan

» Rulebook on energy performance of buildings.

» Rulebook on Energy Audit

COz, CHy, N2O

Retrofitting of existing residential buildings. Bottom-up modeling

and least-cost optimization using the MARKAL model. IPCC

Methodology.

Annual renovation rate of 1% for the existing residential buildings,

while meeting the standard for at least C class (90 kWh/m?)

» 31 buildings for collective housing were renovated (EE
measures implemented) under the USAID /Habitat Project for
residential energy efficiency.

»  Financial support for rehabilitation of buildings for collective
housing with implementation of EE measures provided by
some municipalities

»  Call for applications for reimbursement of 50% of the costs

for windows replacement and installation of PVC and

aluminum windows, but not more than 500 €, provided by the

Ministry of Economy

The process of drafting the Law on Energy Efficiency started

(a working group established)

Adoption of the Law on Energy Efficiency

National Building Renovation Strategy

Establishment of an Energy Efficiency Fund

Achieved annual energy savings:

» 5.6 ktoe (65 GWh) in 2015

Expected annual energy savings:

» 18 ktoe (212 GWh) in 2025
» 27 ktoe (318 GWh) in 2030
» 37 ktoe (426 GWh) in 2035

» 161 Gg COs-eq in 2025

> 284 Gg COs-eq in 2030

> 292 Gg COz-eqin 2035

2017 — 2035

Costs for the Reference scenario:
> 1,332.4 M€

Costs for the Scenario with implemented measure:
> 1,333.1 M€

Specific costs:
> 2€/tCOzeq

»  Ministry of Economy, Energy Agency of the Republic of

Macedonia

Donors and financial institutions

Households

Energy savings (ktoe/GWh)

Emissions reduction (Gg CO2-eq)
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Table 21. Retrofitting of existing public buildings

Mitigation action: Retrofitting of existing public buildings

Main objective: Retrofitting of existing public buildings with aim to meet the target set in the Energy
Efficiency Action Plan

Description: Reconstuction including windows replacement of existing public buildings under
jurisdiction of the central government or local self-government. This measure will provide issuing of
certificates for energy performance of buildings, as a prerequisite for putting the reconstructions into
operation.

Type

Sector

Technical, regulatory

Energy — Residential, non-specified (Commercial and service
sector)
» Third Energy Efficiency Action Plan

% IIEZI:IV:E;I; Lagt?::fr;(;?tlsmems, » Rulebook on energy perfgrrnance of buildings
3 » Rulebook on Energy Audit
“§\ Gases CO,, CH4, N2O
Retrofitting of existing public buildings. Bottom-up modeling
Methodology and least-cost optimization using the MARKAL model. IPCC
Methodology.
Assumptions Annual renovation rate of 1% for the existing public buildings

Progress of implementation

Steps taken or Steps taken | P “Resilient Skopje” — Climate Change Strategy for the City of
envisaged to Skopje developed.
achieve the P The process of drafting the Law on Energy Efficiency
action started (a working group established).
» Adoption of the Law on Energy Efficiency
Steps . o .
. » National Building Renovation Strategy
envisaged >

Results achieved and
estimated outcomes

Estimated emission

» Draft National Program for energy efficiency in public
buildings in the Republic of Macedonia (Phase I) was
developed under the GEF Sustainable Energy Project

Establishment of an Energy Efficiency Fund
Achieved annual energy savings:
» 6 ktoe (70 GWh) in 2015
Expected annual energy savings:
> 15.6 ktoe (181 GWh) in 2025
» 30 ktoe (349 GWh) in 2030
> 47.3 ktoe (550 GWh) in 2035
P> 135 Gg COsz-eq in 2025
> 296 Gg COz-eq in 2030

reductions > 346 Gg COyeq in 2035
Timeframe 2017 — 2035
Costs for the Reference scenatio:
> 1,332.4 M€
Costs (in 2030) Costs}forltk;e3 1Sc8¢3nlv[aélo with implemented measure:

Implementing entity

Progress indicators:

Specific costs:
P> 2€/tCOzeq
»  Ministry of Economy, Energy Agency of the Republic of
Macedonia
Ministry of Finance
Local self-government
Municipal public enterprises
Donors and financial institutions
Energy savings (ktoe/GWh)
Emissions reduction (Gg COz-eq)
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Table 22. Retrofitting of existing commercial buildings

Mitigation action: Retrofitting of existing commercial buildings

Main objective: Retrofitting of existing commercial buildings with aim to meet the target set in the Energy
Efficiency Action Plan

Description: Reconstructions of existing commercial buildings including windows replacement, initiated
by the owners and/or supported by commercial banks and funds which exist in the Republic of
Macedonia This measure will provide issuing of certificates for energy performance of buildings, as a
prerequisite for putting the reconstructions into operation.

Type Technical, regulatory
Sector Energy — Non-specified (Commercial and service sector)

» Third Energy Efficiency Action Plan

Relevant planning documents, » Rulebook on energy performance of buildings

% legal and regulatory acts » Rulebook on Energy Audit

g Gases CO», CHy, N2O

§ Retrofitting of existing commercial buildings. Bottom-up
Methodology modeling and least-cost optimization using the MARKAL

model. IPCC Methodology

. Annual renovation rate of 1% for the existing commercial

Assumptions S
buildings

P The process of drafting the Law on Energy Efficiency

Steps taken or Steps taken started (a working group established).

envisaged to
achieve the » Adoption of the Law on Energy Efficiency

action ::ifri)ssage d > Natiogal Building Renovation Strgtegy
» Establishment of an Energy Efficiency Fund
Achieved annual energy savings:
> 2.5 ktoe (29 GWh) in 2015
Results achieved and Expected annual energy savings:
estimated outcomes > 3.4 ktoe (39 GWh) in 2025

» 8.7 ktoe (100 GWh) in 2030
» 14 ktoe (163 GWh) in 2035
» 64 Gg COz-eqin 2025

Estimated emission > 127 Gg COs-cq in 2030

Progress of implementation

reductions > 148 Gg COy-eq in 2035
Timeframe 2017 - 2035
Costs for the Reference scenario:
> 1,332.4 M€
. Costs for the Scenario with implemented measure:
Costs (in 2030) > 1331.9 M€

Specific costs:
> -4€/tCOxreq
»  Ministry of Economy, Energy Agency of the Republic of
Macedonia
Ministry of Finance
Commercial building owners
Energy savings (ktoe/GWh)
Emissions reduction (Gg COz-eq)

Implementing entity

VVVYyY
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Table 23. Construction of new buildings

Mitigation action: Construction of new buildings

Main objective: Construction of new buildings with aim to meet the target set in the Energy Efficiency
Action Plan

Description: Construction of new buildings in compliance with theRulebook on energy performance of
building. This measure will provide issuing of certificates for energy performance of buildings, as a
prerequisite for putting the building into operation

Type Technical, regulatory
Sector Energy — Residential

» Third Energy Efficiency Action Plan

Relevant planning documents, » Rulebook on energy performance of buildings

'§ legal and regulatory acts » Rulebook on Energy Audit
g Gases CO», CHy, N2O
§ Construction of new residential buildings. Bottom-up modeling
Methodology and least-cost optimization using the MARKAL model. IPCC
Methodology.

Construction of new residential buildings, while meeting the

standard for at least C class (90 kWh/m?)

» Financial support for construction of new buildings at
municipality level

Assumptions

Steps taken or Steps taken

: d P The process of drafting the Law on Energy Efficiency
envisaged o started (a working group established)
ach.leve the » Adoption of the Law on Energy Efficiency
action Ste;.)s » National Building Renovation Strategy
envisaged P Establishment of an Energy Efficiency Fund
Achieved annual energy savings:
» 4.9 ktoe (57 GWh) in 2015

Results achieved and Expected annual energy savings:
estimated outcomes » 9.8 ktoe (57 GWh) in 2025

» 15.1 ktoe (118 GWh) in 2030
>  21.6 ktoe (193 GWh) in 2035
> 43 Gg COz-eq in 2025

Estimated emission > 101 Gg COs-cq in 2030

Progress of implementation

reductions > 138 Gg COy-eq in 2035
Timeframe 2017 — 2035
Costs for the Reference scenario:
> 13324 M€
Costs (in 2030) Costs}forl‘dr;e3 S(:Zf:rﬁzgo with implemented measure:

Specific costs:
> -2€/tCOzeq
»  Ministry of Economy, Energy Agency of the Republic of
Macedonia
Donots and financial institutions
Investors (households)
Energy savings (ktoe/GWh)
Emissions reduction (Gg COz-eq)

Implementing entity

\AA A/
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Table 24. Construction of passive buildings

Mitigation action: Construction of passive buildings

Main objective: Meeting the requirement of the EU Directive 2010/31/EU that all buildings constructed
after 31.12.2020 should be nearly zero-energy buildings

Description: Construction of new passive residential buildings in compliance with the EU Directive
2010/31/EU. This measure will provide issuing of certificates for enetgy performance of buildings, as
a prerequisite for putting the building into operation

Type Technical, regulatory
Sector Energy — Residential
Relevant planning documents, = » EU Ditective 2010/31/EU
legal and regulatory acts » Rulebook on Energy Audit
S Gases CO,, CHa, NoO
§ Construction of passive buildings. Bottom-up modeling and
= Methodology least-cost optimization using the MARKAL model. IPCC
= Methodology.

Construction of new passive buildings, while meeting the

standard for at least A* class (15 kWh/m?) starting from 2020

and continuously increasing their number so that in 2035, 85%

of new buildings are assumed to be passive.

» Financial support for construction of new passive buildings
at municipality level

Assumptions

Steps taken or Steps taken

envisaved to P The process of drafting the Law on Energy Efficiency
achievf the started (a working group established)
. > Adoption of the Law on Energy Efficiency
action Ste;.)s » National Building Renovation Strategy
envisaged P Establishment of an Energy Efficiency Fund
Expected annual energy savings:
Results achieved and » 1.7 ktoe (20 GWh) in 2025
estimated outcomes » 6.3 ktoe (73 GWh) in 2030

»  12.7 ktoe (147 GWh) in 2035
» 7 Gg COzxeqin 2025

Estimated emission > 45 Gg COs-eq in 2030

Progress of implementation

reductions > 103 Gg COy-eq in 2035
Timeframe 2017 — 2035
Costs for the Reference scenario:
> 1,332.4 M€
Costs (in 2030) Costs»forl*c};e3 jcsenMaélo with implemented measure:

Specific costs:
> 47 €/t COz-eq
»  Ministry of Economy, Energy Agency of the Republic of
Macedonia
Donors and financial institutions
Investors (households)
Energy savings (ktoe/ GWh)
Emissions reduction (Gg COz-eq)

Implementing entity

Progress indicators:
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Table 25. Phasing out of incandescent lights

Mitigation action: Phasing out of incandescent lights

Main objective: Meeting the target set in the Energy Efficiency Action Plan

Description: Replacing incandescent light bulbs with halogen ones (at the beginning) and later with
compact fluorescent (CFL) and LED

Information

Progress of implementation

Type

Sector

Relevant planning documents,
legal and regulatory acts

Gases

Methodology

Assumptions

Steps taken or
envisaged to
achieve the
action

Steps taken

Steps
envisaged

Results achieved and
estimated outcomes

Estimated emission
reductions

Timeframe

Costs (in 2030)

Implementing entity

Progress indicators:

Regulatory, policy
Energy — Residential, non-specified (Commercial and service
sector)
» Third Energy Efficiency Action Plan
Commision Regulation(EC) No 244/2009 implementing
Ditective 2005/32/EC of the European Patlament and of
the Council with regard to ecodesign requirements for non-
directional household lamps
CO», CH4, N2O
Introducing a Regulation that will prohibit sales of incandescent
light bulbs. Bottom-up modeling and least-cost optimization
using the MARKAL model. IPCC Methodology.
It is assumed that a Regulation will be adopted on prohibiting
sales of incandescent light bulbs, its implementation will start in
2018, and it is assumed that there will be 2-3 years of transition
period

/

Adoption of a Regulation that will prohibit sales of incandescent
light bulbs.
Expected annual energy savings:
> 84 ktoe (981 GWh) in 2025
» 106 ktoe (1.235 GWh) in 2030
> 131 ktoe (1.524 GWh) in 2035
» 677 Gg COz-eqin 2025
> 1,314 Gg COz-eq in 2030
> 1,131 Gg COz-¢eq in 2035
2017 - 2035
Costs for the Reference scenario:
> 13324 M€
Costs for the Scenario with implemented measure:
» 12935 M€
Specific costs:
> -30€/t COzeq
Government of the Republic of Macedonia
Ministry of Economy, Energy Agency of the Republic of
Macedonia
End-users
Energy savings (ktoe/GWh)
Emissions reduction (Gg COz-eq)
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Table 26. Improvement of the street lighting in the municipalities

Mitigation action: Improvement of the street lighting in the municipalities
Main objective: Meeting the target set in the Energy Efficiency Action Plan
Description: Replacement of the existing lamps with sodium and LED Iamps

Type
Sector
Relevant planning documents,

S legal and regulatory acts

~

N}

N Gases

S

= Methodology
Assumptions

Steps taken or
envisaged to
achieve the
action

Steps taken

Steps
envisaged

Results achieved and
estimated outcomes

Estimated emission
reductions

Timeframe

Progress of implementation

Costs (in 2030)

Implementing entity

Progress indicators:

Technical

Energy — Non-specified (Commercial and service sector)
Third Energy Efficiency Action Plan

CO», CH4, N2O

Replacement of the mercury lamps with sodium and LED
lamps. Bottom-up modeling and least-cost optimization using
the MARKAL model. IPCC Methodology.

It is envisaged that by 2035 60% of the street lights will be LED
and the rest 40% will be sodium lamps

P Street lighting at some location replaced
» Promotional activities for the implementation of public-
private partnership (PPP) taken
» Continuing the promotional activities for the
implementation of public-private partnership
Achieved annual energy savings:
» 1.7 ktoe (20 GWh) in 2015
Expected annual energy savings:
> 4.6 ktoe (53 GWh) in 2025
» 7.3 ktoe (85 GWh) in 2030
» 9.3 ktoe (108 GWh) in 2035
P> 30 Gg COz-eqin 2025
P> 86 Gg COz-eqin 2030
> 86 Gg COz-eqin 2035
2017 - 2035
Costs for the Reference scenario:
> 1,332.4 M€
Costs for the Scenario with implemented measure:
> 1,329.6 M€
Specific costs:
> -32€/tCOzeq
»  Ministry of Economy, Energy Agency of the Republic of
Macedonia
Local self-government
Energy savings (ktoe/ GWh)
Emissions reduction (Gg CO2-eq)
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Table 27. “Green procurements”

Mitigation action: “Green procurements”

Main objective: Application of energy efficiency criteria (“greening”) in public procurement procedures
Description: Intensified activities to ensure legal and technical knowledge and skills of public sector
entities for inclusion and evaluation of requirements for energy efficiency in public procurement
procedures by applying the criteria of most economically advantageous tender.

Type
Sector
Relevant planning

3 documents, legal and
§ regulatory acts
“‘E\ Gases
~
Methodology
Assumptions

Steps
taken

Steps taken or
envisaged to
achieve the
action

Steps
envisaged

estimated outcomes

Progress of implementation

Estimated emission
reductions

Timeframe

Costs (in 2030)

Implementing entity

Progress indicators:

Results achieved and

Regulatory
Energy — Non-specified (Commercial and service sector)
» Third Energy Efficiency Action Plan
» Law on Public Procurement
» Law on Energy
COs, CHy, N2O
Implementation of energy efficiency criteria. Bottom-up
modeling and least-cost optimization using the MARKAL
model. IPCC Methodology.
Penetration of efficient appliances to 5% share by 2035
P Recommendations for amendment/supplementation of the
Law on Public Procurement in order to incorporate
requirements for EE criteria in the public procurements
given by the State Audit Office.
The process of drafting the Law on Energy Efficiency
started (a working group established
Adoption of the Law on Energy Efficiency
Amendments/supplementations to the Law on Public
Procurement
Changing the existing guidelines on energy efficiency criteria
and providing training for public sector entities for the
proper implementation of the guidelines
» Introduction of a method for monitoring the
implementation of the measure.
Achieved annual energy savings:
> 0.22 ktoe (2.6 GWh) in 2015
Expected annual energy savings:
> 2.9 ktoe (34 GWh) in 2025
» 5.1 ktoe (59 GWh) in 2030
> 7.6 ktoe (88 GWh) in 2035
» 16 Gg COz-eqin 2025
» 64 Gg COz-eqin 2030
» 73 Gg COz-eqin 2035
2017 — 2035
Costs for the Reference scenario:
> 1,332.4 M€
Costs for the Scenario with implemented measure:
> 1,330.2 M€
Specific costs:
> -34€/t COzreq
P> Ministry of Economy, Energy Agency of the Republic of
Macedonia
Public Procurement Bureau
Local self-government
Energy savings (ktoe/GWh)
Emissions reduction (Gg COz-eq)

vV VvV V
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Table 28. Gasification (residential and commercial and public sector)

Mitigation action: Gasification (residential and commercial and public sector)
Main objective: Enabling access to a new fuel type in residential and commercial and public sector
Description: Gasification of residential and commercial and public sector through construction of a

gasification network
Type

Sector

Relevant planning

S documents, legal and
3 regulatory acts
g
S
=~ Gases
Methodology
Assumptions
Steps
Steps taken or taken
envisaged to
achieve the
action StePs
envisaged

Results achieved and
estimated outcomes

Estimated emission
reductions

Timeframe

Progress of implementation

Costs (in 2030)

Implementing entity

Progress indicators:

Technical, policy

Energy — Residential, non-specified (Commercial and service

sector)

P Strategy for Energy Development in the Republic of
Macedonia

»  Wortk Program of the Government of the Republic of
Macedonia

» Study for gasification of the Republic of Macedonia

COs, CHy, N2O

Construction of gasification network. Bottom-up modeling and

least-cost optimization using the MARKAL model. IPCC

Methodology.

Gradual gasification of the residential and commercial and

public sector by 2020, which will be more intensified after 2020

P Gasification network section Klechovce — Shtip built
P Gasification network sections: Shtip — Negotino, Negotino
— Bitola and Tetovo — Skopje in a process of construction

Finalizing the construction of the started sections
Call for tenders for public private partnership and
construction of a secondary and tertiary gasification
network
Achieved share of natural gas in the final energy consumption in
residential and non-specified sectors. correspondingly :
> 0.02% and 4.5% in 2015
Expected share of natural gas in the final energy consumption in
residential and non-specified sectors. correspondingly :
> 6.2% and 7.7% in 2025
> 8.5% and 9.6% in 2030
»  10.7% and 11.2% in 2035
» 17 Gg COz-eq in 2025
» 17 Gg COz-¢qin 2030
» 58 Gg COz-eqin 2035
2017 - 2035
Costs for the Reference scenario:
> 1,332.4 M€
Costs for the Scenario with implemented measure:
> 1,326.5 M€
Specific costs:
> -341 €/t COreq
Government of the Republic of Macedonia
Ministry of Economy, Energy Agency of the Republic of
Macedonia
JSC Macedonian Energy Resoutces
JSC GAMA
JSC Strumica Gas
JSC Kumanovo Gas
Directorate for Technological Industrial Development
Zones
Private investors
Share of natural gas in final energy consumption in
Residential and Non-specified sectors (%0)
Emissions reduction (Gg CO2-eq)

>
>
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Table 29. Increased use of central heating systems

Mitigation action: Increased use of central heating systems

Main objective: Reduction of local pollution

Description: Increased use of the existing central heating systems through implementation of
Information campaigns for connecting new consumers, including those who have been disconnected

from the system in the past.

Information

Progress of implementation

Type Technical, information
Energy — Residential, Non-specified (Commercial and service
Sector §
sector)
P Strategy for Energy Development in the Republic of
Macedonia

Relevant planning
documents, legal and
regulatory acts

Gases

Methodology

Assumptions

Steps taken or Steps

» Study for determining the techno-economic optimal and
environmentally sustainable structure of heating and
implementation of the central supply of sanitary hot water
in the City of Skopje

COz, CHy, N2O

Implementation of information campaigns. Bottom-up modeling

and least-cost optimization using the MARKAL model. IPCC

Methodology.

Information campaigns will contribute to connection of the new

consumers to the existing central heating system earlier than in

the Reference scenario

P  Studies for analysis of the central heating system and
implementation of central supply of sanitary hot water

developed

envisaged to taken » Information campaigns for re-connection of the previously
achieve the disconnected consumers and attraction of new consumers
action implemented
Steps » Continuing the implementation of the information
envisaged campaigns

Results achieved and
estimated outcomes

Estimated emission

Expected heat consumption:
» 6.5 ktoe (76 GWh) in 2025
» 4.7 ktoe (57 GWh) in 2030
» 14.4 ktoe (167 GWh) in 2035

> 10 Gg COz-eqin 2025

» 24 Gg COz-eqin 2030

reductions > 18 Gg COy-cq in 2035
Timeframe 2017 — 2035
Costs for the Reference scenario:
> 13324 M€

Costs (in 2030)

Implementing entity

Progress indicators:

Costs for the Scenario with implemented measure:
> 1,330.9 M€
Specific costs:
P -62€/tCOzeq
P> Ministry of Economy, Energy Agency of the Republic of
Macedonia
Balkan energy Dooel Skopje
JSC Skopje Sever
“Energetika” —Skopje, subsidiary to JSC Macedonian Power
Plants (ELEM AD)
Private investors
Increase of heat consumption (form central heating
systems) (GWh)
Increase in the number of consumers connected to the
central heating system
Emissions reduction (Gg COz-eq)

vV VvV VvV VVvVYy
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Table 30. Utilization of the heating system for obtaining sanitary hot water in a combination with solar collectors
Mitigation action: Utilization of the heating system for obtaining sanitary hot water in a combination with
solar collectors
Main objective: Meeting the target set in the Energy Efficiency Action Plan and Renewable Energy
Action Plan
Description: Obtaining sanitary hot water by utilization the heating system in a combination with solar
collectors

Information

Progress of implementation

Type

Sector

Relevant planning
documents, legal and
regulatory acts

Gases
Methodology
Assumptions
Steps
Steps taken or taken
envisaged to
achieve the
action StePs
envisaged

Results achieved and
estimated outcomes

Estimated emission
reductions

Timeframe

Costs (in 2030)

Implementing entity

Progress indicators:

Technical, information

Energy — Residential, Non-specified (Commercial and service

sector)

P Strategy for Energy Development in the Republic of
Macedonia

P Study for determining the techno-economic optimal and
environmentally sustainable structure of heating and
implementation of the central supply of sanitary hot water
in the City of Skopje

COs, CHy, N2O

Implementation of systems for obtaining sanitary hot water

from the heating system in a combination with solar collectors.

Bottom-up modeling and least-cost optimization using the

MARKAL model. IPCC Methodology.

It is envisaged that by 2035, 15% of the hot water needs in the

urban buildings will be provided through the heating system.

P  Studies for analysis of the central heating system and
implementation of central supply of sanitary hot water
developed
Implementation of information campaigns
Implementation of systems for obtaining sanitary hot water
from the heating system in a combination with solar
collectors at end-users level
Expected annual energy savings:

» 0.8 ktoe (9 GWh) in 2025

» 2 ktoe (24 GWh) in 2030

» 3 ktoe (34 GWh) in 2035
» 8 Gg COzeqin 2025
> 25 Gg COz-eqin 2030
> 30 Gg COz-¢eqin 2035
2017 - 2035
Costs for the Reference scenario:

> 1,332.4 M€
Costs for the Scenario with implemented measure:

> 1,331.7 M€
Specific costs:

> -27€/tCOz-eq
»  Ministry of Economy, Energy Agency of the Republic of
Macedonia
Balkan energy Dooel Skopje
JSC Skopje Sever
“Energetika” —Skopje, subsidiary to JSC Macedonian Power
Plants (ELEM AD)
Private investors
Number of connected systems for obtaining sanitary hot
water from the heating system in a combination with solar
collectors
Energy savings (ktoe/GWh)
Emissions reduction (Gg COz-eq)
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4.1.3 Manufacturing industries and construction

In the subcategory Manufacturing industries and construction two measures are modelled and
analyzed. The most relevant information for these measures/policies is given in Table 31 and in Table
32.

Table 31. Energy management in manufacturing industries

Mitigation action: Energy management in manufacturing industries

Main objective: Efficient management of manufacturing processes in industry aiming to increased
production at the same energy consumption and meeting the target set in the Energy Efficiency Action
Plan

Description: Implementation of obligatory energy audits of manufacturing industries and
Implementation of ISO 50001 standard

Type Regulatory, technical

Sector Energy — Manufacturing industries and construction

Relevant planning documents, Third Energy Efficiency Action Plan

S legal and regulatory acts
§ Gases CO,, CHi, N2O
= Implementation of the ISO 50001 standard. Bottom-up
= Methodology modeling and least-cost optimization using the MARKAL
model. IPCC Methodology.
A . Improvement of the systems efficiency in manufacturing
ssumptions

industries at annual rate of 0.15%

» Promotion of ISO 50001 standards completed
Training on implementation of energy management in
industry organized
Certificates for energy auditors issued
USAID project for energy management in industry realized
in 17 companies
Ongoing UNIDO/GEF Project in which one of the
activities is Program for energy management in industrial
companies according to ISO 50001 standard and the

>
>
>
Steps taken or Steps taken >

envisaged to
achieve the

action UNIDO Methodology. Initial results achieved in 12
companies and additionally Program for replications of the
energy management systems realized in 5 companies.

Steps P Continuation of the implementation of ISO 50001 standard
§ envlgsa od in more industrial companies (manufacturing industries).
N g P Implementation of obligatory energy audits.
N Achieved annual energy saving:
< » 3 ktoe (35 GWh) in 2015
;,i Results achieved and Expected annual energy savings:
P estimated outcomes > 14.6 ktoe (170 GWh) in 2025
% P 24.7 ktoe (288 GWh) in 2030
& P 37.2 ktoe (434 GWh) in 2035

» 52 Gg COz-eqin 2025

Estimated emission > 150 Gg COs-cq in 2030

reductions > 199 Gg COy-eq in 2035
Timeframe 2017 — 2035
Costs for the Reference scenatrio:
> 13324 M€
. Costs for the Scenario with implemented measure:
Costs (in 2030) > 1327.6 M€

Specific costs:
> -32€/t COzeq
»  Ministry of Economy, Energy Agency of the Republic of
Implementing entity Macedonia
P Private companies



Progress indicators:

P Energy savings (ktoe/GWh)
P Emissions reduction (Gg COz-eq)




Table 32. Introduction of efficient electric motors

Mitigation action: Introduction of efficient electric motors

Main objective: Efficient management of manufacturing processes in industry aiming to increased
production at the same energy consumption and meeting the target set in the Energy Efficiency
Action Plan
Description: Introduction of efficient electric motors in manufacturing industries

Information

Progress of implementation

Type

Sector

Relevant planning
documents, legal and
regulatory acts

Gases

Methodology

Assumptions

Steps taken or Steps

envisaged to taken

achieve the

action StePs
envisaged

Results achieved and
estimated outcomes

Estimated emission
reductions

Timeframe

Costs (in 2030)

Implementing entity

Progress indicators:

Technical

Energy — Manufacturing industries and construction
Third Energy Efficiency Action Plan

CO», CH4, N2O

Installation of efficient electric motors. Bottom-up modeling and
least-cost optimization using the MARKAL model. IPCC
Methodology.

It is envisaged that the share of efficient electric motors will be
40% by 2035

New efficient electric motors installed in a number of
companies.

Replacement of the existing electric motors with more efficient

Achieved annual energy saving:
» 1.4 ktoe (16 GWh) in 2015
Expected annual energy savings:
» 7.3 ktoe (84 GWh) in 2025
> 10.9 ktoe (127 GWh) in 2030
> 15.1 ktoe (176 GWh) in 2035
> 51 Gg COz-eqin 2025
> 117 Gg COz-eqin 2030
> 134 Gg COsz-eq in 2035
2017 — 2035
Costs for the Reference scenario:
> 1,332.4 M€
Costs for the Scenario with implemented measure:
> 1,330.2 M€
Specific costs:
> -19€/t COzeq
»  Ministry of Economy, Energy Agency of the Republic of
Macedonia
Private companies
Energy savings (ktoe/GWh)
Emissions reduction (Gg COz-eq)
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4.1.4 Transport

In the Transport subcategory eight measures in total are modelled and analyzed. The most relevant

information for these measures/policies is given from Table 33 to Table 40.

Table 33. Biofuels 5%

Mitigation action: Biofuels 5%
Main objective: Meeting the targets set in the Renewable Energy Action Plan
Description: 5% share of biofuels by 2020

Information

Progress of implementation

Type

Sector

Relevant planning documents,
legal and regulatory acts
Gases

Methodology

Assumptions

Steps taken or
envisaged to
achieve the
action

Steps taken

Steps
envisaged

Results achieved and estimated
outcomes

Estimated emission reductions

Timeframe

Costs (in 2030)

Implementing entity

Progress indicators:

Regulatory
Energy — Transport
P Strategy for Energy Development in the Republic of Macedonia
P Strategy for Utilization of Renewable Energy Sources in the
Republic of Macedonia
» Renewable Energy Action Plan
P Biennial report on the progress of increased utilization of
renewable energy sources
COz, CHy, N2O
Adoption of Law and Action Plan on Biofuels. Bottom-up modeling
and least-cost optimization using the MARKAL model. IPCC
Methodology.
It is assumed that the implementation of the Directive for biofuels
(2003/30/EC) will be postponed to 2025, or the share of biofuels will
be 5% by 2020 and 10% by 2025, remaining at that level till 2035
Adoption of Renewable Energy Action plan till 2025
Draft version of the Action Plan for Biofuels developed
Draft version of the Law on Biofuels developed
The process of drafting the Law on Renewable Energy Sources
(RES) started (a working group established)
Adoption of the Law on Biofuels
Adoption of the Law on RES
Adoption of the Action Plan for Biofuels
Expected share of biofuels in the total final energy consumption in
transport:
» 5% in 2020
> 10% in 2025, 2030 and 2035
P> 206 Gg COz-eq in 2025
> 221 Gg COz-eq in 2030
> 221 Gg COz-eq in 2035
2017-2035
Costs for the Reference scenario:
> 1,332.4 M€
Costs for the Scenario with implemented measure:
> 1,336.7 M€
Specific costs:
> 20€/tCOzeq
» Ministry of Economy, Energy Agency of the Republic of
Macedonia
» End-users
P Share of the biofuels in the total final energy consumption in
>

VVVY VVYVYY

transport (%o)
Emissions reduction (Gg CO2-eq)



Table 34. Biofuels 1%

Mitigation action: Biofuels 10%
Main objective: Meeting the targets set in the Renewable Energy Action Plan
Description: 10% share of biofuels by 2020

Information

Progress of implementation

Type

Sector

Relevant planning documents,
legal and regulatory acts
Gases

Methodology

Assumptions

Steps taken or
envisaged to
achieve the
action

Steps taken

Steps
envisaged

Results achieved and estimated
outcomes

Estimated emission reductions

Timeframe

Costs (in 2030)

Implementing entity

Progress indicators:

Regulatory

Energy — Transport

P  Strategy for Energy Development in the Republic of Macedonia

P Strategy for Utilization of Renewable Energy Soutces in the
Republic of Macedonia

» Renewable Energy Action Plan

P Biennial report on the progress of increased utilization of
renewable energy sources

COs, CHy, N2O

Adoption of Law and Action Plan on Biofuels. Bottom-up modeling

and least-cost optimization using the MARKAL model. IPCC

Methodology.

It is assumed that the Directive for biofuels (2003/30/EC) will be

implemented by 2025, or the share of biofuels will be 10% by 2020,

remaining at that level till 2035

Adoption of Renewable Energy Action plan till 2025

Draft version of the Action Plan for Biofuels developed

Draft version of the Law on Biofuels developed

The process of drafting the Law on Renewable Energy Sources

(RES) started (a working group established)

Adoption of the Law on Biofuels

Adoption of the Law on RES

Adoption of the Action Plan for Biofuels

VVVY VVYVYY

Expected share of biofuels in the total final energy consumption in
transport:

> 10% in 2020, 2025, 2030 and 2035

> 206 Gg COs-eq in 2025

> 221 Gg COsz-eq in 2030

> 221 Gg COz-eq in 2035

2017-2035

Costs for the Reference scenario:
> 1,332.4 M€

Costs for the Scenario with implemented measure:
> 1,336.7 M€

Specific costs:
> 20€/tCOxeq

» Ministry of Economy, Energy Agency of the Republic of
Macedonia

» End-users

P Share of the biofuels in the total final energy consumption in
transport (%o)

» Emissions reduction (Gg CO2-eq)



Table 35. Increased use of the railway

Mitigation action: Increased use of the railway

Main objective: Meeting the target set in the Energy Efficiency Action Plan

Description: Increased use of the railway though awareness rising to use the railway for long-distance
traveling and by improving the conditions of the companies

Type Technical, information
Sector Energy — Transport

Relevant planning

Sl el foc » Third Energy Efficiency Action Plan

» National Transport Strategy

S regulatory acts

3 Gases CO», CHy, N,O

“E\ Conducting campaigns and modernization of the railway.
= Methodology Bottom-up modeling and least-cost optimization using the

MARKAL model. IPCC Methodology.
By 2035 2.1% of the passenger kilometers of cars, 5.7% of
Assumptions passenger kilometers of busses and 3.6% of tonnes kilometers of
heavy duty vehicles will be realized by railway transport.
P 150 freight cars and six compositions consisting of a
locomotive and passenger cars ordered by the Government
Steps as part of a project with the European Bank for
Reconstruction and Development (EBRD). Some of these
taken . .
Steps taken or have already been received and put into use.

Continuing the campaigns for cheapet/free driving
Enabling additional conditions for companies
Expected annual energy savings, and increase of passenger and
tonnes km, correspondingly:
» 5.8 ktoe (67 GWh), 324 pkm and 755 tkm in 2025
> 10.3 ktoe (119 GWh), 431 pkm and 1,050 tkm in 2030
> 15.6 ktoe (182 GWh), 541 pkm and 1,407 tkm in 2035.
> 10 Gg COz-eqin 2025
> 20 Gg COz-eqin 2030

envisaged to P Campaigns for cheaper/free driving of cettain categoties of
achieve the passengers (young people, pensioners, etc.) carried out.
action P  Arrival and putting into use of othetr commissioned wagons
S » Implement promotional campaigns for raising public
teps awareness
envisaged >
>

Results achieved and
estimated outcomes

Estimated emission

Progress of implementation

reductions > 26 Gg COzeq in 2035
Timeframe 2017 — 2035
Costs for the Reference scenario:
> 1,332.4 M€
. Costs for the Scenario with implemented measure:
Costs (in 2030) > 13251 M€

Specific costs:

> -371 €/t COreq

Government of the Republic of Macedonia
Ministry of Transport and Communications
Ministry of Economy, Energy Agency of the Republic of
Macedonia

JSC Macedonian Railway Transport

End-users

Private companies

Energy savings (ktoe/GWh)

Increase of passenger km in railway transport (pkm)
Increase of tonnes km in railway transport (tkm)
Emissions reduction (Gg COz-eq)

Implementing entity

Progress indicators:
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Table 36. Renewing of the national car fleet

Mitigation action: Renewing of the national car fleet
Main objective: Reduction of the local air pollution and meeting the target set in the Energy Elfficiency

Action Plan

Description: This measure consists of successively organized and well-planned steps for faster renewal

of the vehicle fleet.
Type
Sector

Relevant planning documents,
legal and regulatory acts

Gases

Methodology

Information

Assumptions

Steps taken

Steps taken or

envisaged to

achieve the Steps
action envisaged

Results achieved and
estimated outcomes

Estimated emission
reductions

Progress of implementation

Timeframe

Costs (in 2030)

Implementing entity

Progress indicators:

Regulatory, policy, information

Energy — Transport

» Third Energy Efficiency Action Plan

» National Transport Strategy

COg, CHy, N2O

Introducing a Regulation that will prohibit the purchase of cars
with a standard lower than EUROS5. Bottom-up modeling and
least-cost optimization using the MARKAL model. IPCC
Methodology.

It is assumed that only new vehicles and vehicles not older than
8 years will be sold, i.e. vehicles that meet EU standards such as
CO; emissions in 2020 of 95 g CO2/km, and 70 g CO2/km by
2025.

» Amendment of the following legislation: Rulebook for
identification and/or identification and appreciation of
vehicles technical condition, Rulebook for individual
authorization of vehicles and Law for vehicles — the part for
registration and technical inspection.

P Successive implementation of EURO standards for import
of new EE vehicles.

Achieved annual energy savings:
> 6.5 ktoe (76 GWh) in 2015 (together with other road

vehicles)

Expected annual energy savings:

» 27 ktoe (315 GWh) in 2025
» 45 ktoe (523 GWh) in 2030
» 60 ktoe (670 GWh) in 2035

P> 83 Gg COz-eqin 2025

> 139 Gg COz-eqin 2030

» 185 Gg COz-eqin 2035

2017 — 2035

Costs for the Reference scenario:
> 1,332.4 M€

Costs for the Scenario with implemented measure:
> 1312M€

Specific costs:

> -147 €/t COz-eq

Government of the Republic of Macedonia

Ministry of Transport and Communications

Ministry of Economy, Energy Agency of the Republic of

Macedonia

End-users

Energy savings (ktoe/GWh)

Emissions reduction (Gg CO2-eq)
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Table 37. Renewing of other national road fleet

Mitigation action: Renewing of other national road fleet (light duty and heavy goods vehicles and buses)
Main objective: Reduction of the local air pollution and meeting the target set in the Energy Elfficiency
Action Plan
Description: This measure involves introduction of a regulation that will enable renewal of the vehicle
fleet of light duty and heavy goods vehicles and buses

Information

Progress of implementation

Type

Sector

Relevant planning documents,
legal and regulatory acts

Gases

Methodology

Assumptions

Steps taken or Steps taken

envisaged to
achieve the
action

Steps
envisaged

Results achieved and
estimated outcomes

Estimated emission
reductions

Timeframe

Costs (in 2030)

Implementing entity

Progress indicators:

Regulatory, policy

Energy — Transport

» Third Energy Efficiency Action Plan

» National Transport Strategy

COg, CH4, N2O

Introducing a Regulation that will prohibit the purchase of cars
with a standard lower than EUROG. Bottom-up modeling and
least-cost optimization using the MARKAL model. IPCC
Methodology.

It is assumed that only new vehicles (light duty and heavy goods
vehicles and buses) that meet EU standatds for exhaust fumes.

Successive implementation of EURO standards (EU new
standard is a EURO 6, while in Macedonia is EURO 4) for import
of new EE vehicles

Achieved annual energy savings:
> 6.5 ktoe (76 GWh) in 2015 (together with passenger
cars)
Expected annual energy savings:
» 9.5 ktoe (111 GWh) in 2025
» 24 ktoe (278 GWh) in 2030
> 39.7 ktoe (462 GWh) in 2035
» 27 Gg COz-eqin 2025
> 65 Gg COz-eqin 2030
> 122 Gg COz-eqin 2035
2017 — 2035
Costs for the Reference scenatio:
> 13324 M€
Costs for the Scenario with implemented measure:
> 13259 M€
Specific costs:
> -100 €/t COz-eq
Government of the Republic of Macedonia
Ministry of Transport and Communications
Ministry of Interior Affairs
Ministry of Economy, Energy Agency of the Republic of
Macedonia
Private companies
Energy savings (ktoe/GWh)
Emissions reduction (Gg COz-eq)
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Table 38. Increased use of bicycles, walking and introduction of parking policy

Mitigation action: Increased use of bicycles, walking and introduction of parking policy

Main objective: Reduction of the local air pollution and meeting the target set in the Energy Efficiency

Action Plan

Description: Conducting campaigns/providing subsidies and systems for use of new or rented bicycles,

walking, and introduction of parking policies that would reduce the use of cars in the city area

Information

Progress of implementation

Type

Sector

Relevant planning
documents, legal and
regulatory acts

Gases

Methodology

Assumptions

Steps
Steps taken or P
. taken
envisaged to
achieve the
action
Steps
envisaged

Results achieved and
estimated outcomes

Estimated emission
reductions

Timeframe

Costs (in 2030)

Implementing entity

Progress indicators:

Regulatory, technical, information

Energy — Transport

» Third Energy Efficiency Action Plan

» Decisions made by municipalities to subsidize buying of
new bicycles

COs, CHy, N2O

Implementation of campaigns/subsidies, parking policies.

Bottom-up modeling and least-cost optimization using the

MARKAL model. IPCC Methodology.

P Introduction of an approptiate parking policy which would
reduce the use of cats in the city area, and would contribute
to increased use of bicycles.

P People, especially in smaller towns where a lot of them use

cars for short distances, would increase their use of bicycles

or walking

Subsidies and campaigns for buying new bicycles

implemented

Systems for bicycles renting implemented

Bicycles tracks constructed

Zonal parking implemented

New multi-level car parks constructed

Continue the implementation of the campaigns and

subsidies for buying new bicycles and renting bicycles

Continue the construction of new bicycles tracks

V VVVVYVY V

Expected annual energy savings:
» 1 ktoe (11 GWh) in 2025
» 1.3 ktoe (15 GWh) in 2030
» 1.5 ktoe (18 GWh) in 2035
» 3 Gg COzeqin 2025
» 4 Gg COzeqin 2030
» 5 Gg COzeqin 2035
2017 — 2035
Costs for the Reference scenario:
> 1,332.4 M€
Costs for the Scenario with implemented measure:
> 1,328.6 M€
Specific costs:
> -970 €/t COreq
»  Ministry of Economy, Energy Agency of the Republic of
Macedonia
Local self-government
End-users
Energy savings (ktoe/GWh)
Emissions reduction (Gg CO2-eq)

VVVY
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Table 39. Construction of the railway to Republic of Bulgaria

Mitigation action: Construction of the railway to Republic of Bulgaria

Main objective: Connecting the Republic of Macedonia with the Republic of Bulgaria and extending the
export to external markets, not just in the neighboring countries but in the Southeast Europe and
Turkey region, using the railway transport

Description: Construction of the railway to Republic of Bulgaria

Type
Sector

Relevant planning documents,

S legal and regulatory acts

~

N}

3 Gases

S

= Methodology
Assumptions

Steps taken or
envisaged to
achieve the
action

Steps taken

Steps
envisaged

Results achieved and
estimated outcomes

Estimated emission
reductions

Timeframe

Progress of implementation

Costs (in 2030)

Implementing entity

Progress indicators:

Technical, policy
Energy — Transport
» Work Program of the Government of the Republic of

Macedonia
» National Transport Strategy
CO», CH4, N2O

Construction of the railway. Bottom-up modeling and least-cost
optimization using the MARKAL model. IPCC Methodology.
By 2035 up to 5% of the tonne kilometers (to the Republic of
Bulgaria) will cross from heavy goods vehicles to the railroad
transport

The railway is under construction

Finishing the construction of the railway and putting it into
operation
Expected annual energy savings and increase of the tonnes km,
correspondingly:
» 9.4 ktoe (110 GWh) and 371 tkm in 2025
> 13.1 ktoe (152 GWh) and 532 tkm in 2030
> 16.8 ktoe (196 GWh) and 692 tkm in 2035
> 17 Gg COz-eqin 2025
> 26 Gg COz-eqin 2030
> 30 Gg COz-¢eqin 2035
2017-2035
Costs for the Reference scenario:
> 1,332.4 M€
Costs for the Scenario with implemented measure:
> 1,338.4 M€
Specific costs:
> 229 €/t COseq
Government of the Republic of Macedonia
Ministry of Transport and Communications
Ministry of Economy, Energy Agency of the Republic of
Macedonia
Energy savings (ktoe/GWh)
Increase of the tonnes km in the railway transport (tkm)
Emissions reduction (Gg CO»-eq)
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Table 40. Electrification of the transport — electric passenger cars

Mitigation action: Electrification of the transport

Main objective: Reduction of the local air pollution and meeting the target set in the Energy Elfficiency
Action Plan
Description: This measure consists of successively organized and well-planned steps for faster renewal
of the vehicle fleet, through introduction of electric vehicles

Information

Progress of implementation

Type

Sector

Relevant planning documents,
legal and regulatory acts

Gases

Methodology

Assumptions

Steps taken

Steps taken or
envisaged to
achieve the

action Steps

envisaged

Results achieved and
estimated outcomes
Estimated emission
reductions

Timeframe

Costs (in 2030)

Implementing entity

Progress indicators:

Regulatory, policy, information
Energy — Transport

Third Energy Efficiency Action Plan

COg, CH4, N2O

Introducing a Regulation that will prohibit the purchase of cars

with a standard lower than EUROG. Bottom-up modeling and

least-cost optimization using the MARKAL model. IPCC

Methodology.

It is envisaged that:

P the shate of electric vehicles and “plug-in” electric vehicles
will be 10% by 2035

P subsidies of 5000 € for purchasing an electric vehicle and
1000 € purchasing an“plug-in” electric vehicle will be
introduced

P Chargers installed at specific locations in the City of Skopje

» Development of studies for determining the best locations
for installation of electric vehicles chargers from the aspect
of the power grid.

P Successive implementation of EURO standards (EU new
standard is a EURO 6, while in Macedonia is EURO 4) for
import of new EE vehicles

Expected annual energy savings:

» 5.6 ktoe (66 GWh) in 2025
> 17.5 ktoe (204 GWh) in 2030
> 21.8 ktoe (254 GWh) in 2035

> 13.3 Gg COz-eqin 2025

> 20.4 Gg COz-eqin 2030

» 0 Gg COzeqin2035*

2017-2035

Costs for the Reference scenario:
> 1,332.4 M€

Costs for the Scenario with implemented measure:
> 1,334.0 M€

Specific costs:
> 76€/tCOzeq

»  Government of the Republic of Macedonia

P Ministry of Transport and Communications

P Energy savings (ktoe/ GWh)

» Emissions reduction (Gg CO»-eq)

*Although these vehicles are more efficient than fossil fuel vehicles, the emissions from this measure may increase,
considering that the electricity in the power system is mainly produced from fossil fuels, therefore this measure should be
implemented in parallel with the measures for electricity generation from RES.



4.2 Agriculture, forestry and other land use

In the Agriculture, forestry and other land use sector eight measures in total are modelled and analyzed,

divided in the following categories Livestock, Forestry and Land use.

4.2.1 Livestock

In the Livestock category three measures are modelled and analyzed. The most relevant information

for these measures/policies is given from Table 41 to Table 43.

Table 41. Enteric fermentation in dairy cows

Mitigation action: Enteric fermentation in dairy cows

Main objective: Decrease level of CHy emission from enteric fermentation in highly productive dairy cows
Description: By modification of the feed composition and nutrition practice in dairy cows, the emission of CHy
due to enteric fermentation can be reduced by 20%. It is foreseen that the number of dairy cows under
Intensive farming system will be increased form present 1% to 25% in 2035. Because of highly productive cows
involved the CH, emission will also increase. But, with modification of feed content (adding carbohydrates,
high quality forages and tannins) into TMR, the CH,; emission will be decreased by 20%. The mitigation
measure can be easily applied on dairy farms, by nutrition management. It is also cost effective; do not require
additional subsidies or incentives. Practical training and demonstration for farmers will be sufficient

Type

Sector

Relevant planning
documents, legal and

Livestock, enteric fermentation in dairy cow
AFLOU - Livestock

Law on nature protection (Environmental impact assessment).
The IPARD Program contains the provisions

N regulatory acts
§ Gases CH,4
S Feed composition and nutrition management in up to 25% of dairy cows.
?3? Methodology IPCC Methodology.
» Increased number of highly productive dairy cows under intensive
Assumptions farming,
wmp » Introduced modified TMR (Total Mixed Ration) and nutrition
management
Steps TMR with partly modified feed composition in already used on two
Steps taken taken intensive farms that account about 1% of the dairy cow population.
or P » Development advisory package for TMR modified feed and nutrition
- management for the intensive dairy farms with more than 50 cows
envisaged . . . .
: Steps P Incentives for dissemination of the advisory package to target
to achieve .
. envisaged farmers
the action

Progress of implementation

Results achieved and
estimated outcomes

Estimated emission

»  Monitoring of the effect of TMR modified feed and nutrition
management, and further improvements

25% from population of dairy cows have been applied TMR modified

feed and nutrition management up to 2035.

» 3 Gg COzeqin 2025

> 5.7 Gg COz-eq in 2030

reductions > 8.3 Gg COs-cq in 2035
Timeframe 2017-2035
Costs for the Reference scenario:
> 0M€
. Costs for the Scenario with implemented measure:
*
Costs (in 2030) > 0.01 Me

Implementing entity

Progress indicators:

* Costs refer only to the investments

Specific costs:
> 1.8€/tCOzeq
Ministry of Agriculture, Forestry and Water Economy
Farms (dairy cows as a percentage of the total population) used TMR
modified feed and nutrition management on biannual base.



Table 42. Manure management in dairy cows

Mitigation action: Manure management in dairy cows
Main objective: Decrease level of NO; emission from manure management in highly productive dairy cows
Description: By modification of the manure management in dairy cows, the emission of NO; can be reduced up
to 30%. It is foreseen that the number of dairy cows under intensive farming system with more than 50 heads
will be increased form present 1% to 25% in 2035. All those farms will need to apply improved manure
management in order to reduce N loss, and N;O emissions. Therefore, on farm manure management system
needs to modity. The mitigation measure, consider on farm adaption on existing farms and moderate
investments on newly established farms. It will require subsidies for adapting and incentives in farm design
and construction

Type Livestock, enteric fermentation in dairy cow

Sector AFLOU - Livestock

Relevant planning

Law on nature protection (Environmental impact assessment).
documents, legal and P E P )

3 The IPARD Program contains the provisions

S regulatory acts

] Gases N0

S 9 9 0 -

= e Modified manure management in up to 25% of dairy cows. IPCC
Methodology.
» Increased number of highly productive dairy cows under intensive

Assumptions farming,

»  On farm modified manure management.

The process of modified manure management started on the existing
large dairy farms, as a result of the implementation of the studies for
environmental impact assessment (Permit A for alignment with the
operational plan).

Steps taken
Steps taken

or L . . . .
g Adaption in manure management on intensive dairy farms with
envisaged
: more than 50 cows,
to achieve . . . . . .
the action Steps P Design and construction of intensive dairy farms with more than
envisaged 50 cows,

P Monitoring of the effect modified manure management in the
intensive dairy farms with more than 50 cows.

25% from population of dairy cows, belonging to intensive dairy farms

with more than 50 cows have been applied modified manure

management up to 2035.

> 1.4 Gg COz-¢qin 2025

> 2.1 Gg COz-eqin 2030

Results achieved and
estimated outcomes

Estimated emission

Progress of implementation

reductions > 3.9 Gg COyreq in 2035
Timeframe 2017 — 2035
Costs for the Reference scenario:
> 0ME€
. Costs for the Scenario with implemented measure:
*
Costs (in 2030) > 0.05Me

Specific costs:
> 25.1€/tCOzeq
Implementing entity Ministry of Agriculture, Forestry and Water Economy
Farms (dairy cows as a percentage of the total population) used

Progress indicators: .
& modified manure management on 2-5 years base.

*Costs refer only to the investments



Table 43. Manure management in swine farms

Mitigation action: Manure management in swine farms
Main objective: Decrease level of NO; emission from manure management in highly productive swine farms
Description: By modification of the manure management in swine farms, the emission of NO: can be reduced
up to 50%. It is foreseen that number of fatteners and number of fatteners per sow will increase, while the
total number of sows will remain stable over period. Number of swine farms with more than 1,000 fatteners
and/or 350 sows will also increase and they need to adapt improved manure management system, in order to
reduce N loss. In 2035 is expected that 90% of fatteners will be produced on those farms, accounting for 75%
of sow in the country. The mitigation measure, consider on farm adaption on existing farms and moderate
investments on newly established farms. It will require subsidies for adapting and incentives in farm design
and construction.

Type Livestock, manure management in swine farms

Sector AFLOU - Livestock

Relevant planning

Law on nature protection (Environmental impact assessment).
documents, legal and

S The IPARD Program contains the provisions
S regulatory acts
] Gases N20O
“§\ G Modified manure management in swine farms with more than 1,000
fatteners and/or 350 sows. IPCC Methodology.
P Increased number of highly productive swine farms with more
Assumptions than 1,000 fatteners and/or 350 sows,

»  On farm modified manure management.

The process of modified manure management started on the existing
large swine farms, as a result of the implementation of the studies for
environmental impact assessment (Permit A for alignment with the
operational plan).

Steps taken

Steps taken

or P> Adaption in manure management on intensive swine farms with
envisaged more than 1,000 fatteners and/or 350 sows,

to achieve Steps P  Design and construction of intensive swine farms with more than
the action 1000 fatteners and/or 350 sows,

envisaged . . .
g P> Monitoring of the effect modified manure management in the

intensive swine farms with more than 1000 fatteners and/or 350
SOWS.

Results achieved and
estimated outcomes

Estimated emission

Up to 2035, 90% of fatteners and 75% of sow will be kept on farms
more than 1000 fatteners and/or 350 sows.
» 0.3 Gg COz-eqin 2025

> 0.4 Gg COscq in 2030

Progress of implementation

reductions > 0.4 Gg COneq in 2035
Timeframe 2017 — 2035
Costs for the Reference scenario:
» 0ME€
. Costs for the Scenario with implemented measure:
*
Costs (in 2030) > 0.05ME

Specific costs:
> 131.6 €/t COzeq
Ministry of Agriculture, Forestry and Water Economy
Farms (fatteners and sows as a percentage of the total population) used
modified manure management on 2-5 years base.

Implementing entity
Progress indicators:

*Costs refer only to the investments



4.2.2 Forestry

In the Forestry category two measures are modelled and analyzed. The most relevant information for

these measures/policies is given in Table 44 and in Table 45.

Table 44. Decreasing the number and damaged area by forest fires

Mitigation action: Decreasing the number and damaged area by forest fires
Main objective: Decreasing the damaged area by forest fires
Description: Protection of the forest area by preventing the forest fires and the damages resulting from forest

fires

Information

Progress of implementation

Type

Sector

Relevant planning
documents, legal and
regulatory acts

Gases

Methodology

Assumptions

Steps taken

Steps taken

or
envisaged

to achieve Steps

the action envisaged

Results achieved and
estimated outcomes

Estimated increase of
emissions absorption

Timeframe

Costs (in 2030)*

Implementing entity

Progress indicators:

*Costs refer only to the investments

Regulatory, information

AFOLU - Forestry

» Forestry Management Plans

P Forest information system (UKIM - Faculty of Forestry, MAFWE)

P Study on development of the forest road network in the Republic
of Macedonia (UKIM - Faculty of Forestry, MAFWE)

CO»

Conducting information campaigns and implementing legal measures.

IPCC Methodology.

Reduce the area affected by forest fires averaging 1,000 ha/year

A communication system between PE “Macedonian Forests” and the
Forest Police for timely information on the occurrence of fires
established (built and equipped).
P System control, upgrading the software and training staff for its
operation
» Conducting promotional campaigns and procurement of fire-
fighting equipment
P Activation of the centers for intensive capacity building, training of
personnel and certification of products
P Providing permanent funding sources
Decrease the damaged area by forest fires
» 11,000 ha in 2025
» 16,000 ha in 2030
> 21,000 ha in 2035
» 1,154 Gg COz-¢eqin 2025
» 1,189 Gg COz-eqin 2030
» 1,223 Gg COz-¢eqin 2035
2017 — 2035
Costs for the Reference scenatio:
> 0ME
Costs for the Scenatio with implemented measure:
> 1ME€
Specific costs:
> 0.8€/tCO2eq
PE “Makedonski shumi”
Ministry of Environment and Physical Planning
Ministry of Agriculture, Forestry and Water Economy
National parks
Association of private forest owners
Dectease of a damaged area by forest fires (ha/year)
Increase of emissions absorption (Gg CO:-eq)
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Table 45. Change of quality of forests by afforestation of transitive forest land

Mitigation action: Change of quality of forests by afforestation of transitive forest land
Main objective: Improve the quality of the forests Change of quality of forests by afforestation of transitive forest

Iland

Description: Improve the quality of forests by afforestation of transitive forest Iand with higher quality tree
species: coniferous, deciduous and mixed forests

Information

Progress of implementation

Type

Sector

Relevant planning documents,
legal and regulatory acts
Gases

Methodology

Assumptions

Steps taken or
envisaged to
achieve the
action

Steps taken

Steps
envisaged

Results achieved and estimated
outcomes

Estimated increase of emissions
absorption

Timeframe

Costs (in 2030)*

Implementing entity

Progress indicators:

*Costs refer only to the investments

Regulatory, information
AFOLU - Forestry
P Forestry Management Plans
P Forest information system (UKIM - Faculty of Forestry, MAFWE)
» Study on development of the forest road network in the Republic
of Macedonia (UKIM - Faculty of Forestry, MAFWE)
CO,
Conducting information campaigns and implementing legal measures.
IPCC Methodology.
Change of the cat transitive forest land into coniferous, deciduous and
mixed forests, 2,500 ha/year on the average. The share of coniferous,
deciduous and mixed forests is based on their average shares in the last
three years
Three breeding centers for production of forest seedlings developed
and equipped
P Activation of the centers for intensive capacity building, training of
personnel and certification of products
» Providing permanent funding sources
Increase of coniferous, deciduous and mixed forest area:
» 27,500 ha in 2025
» 40,000 ha in 2030
» 52,500 ha in 2035
» 115 Gg COz-eqin 2025
» 167 Gg COz-eqin 2030
» 220 Gg COz-eqin 2035
2017 — 2035
Costs for the Reference scenatio:
> 0ME
Costs for the Scenatio with implemented measure:
> 25ME€
Specific costs:
> 149 €/t COzreq
PE “Makedonski shumi”
Ministry of Environment and Physical Planning
Ministry of Agriculture, Forestry and Water Economy
National parks
Association of private forest owners
Increase of coniferous, deciduous and mixed forest area (ha/yeat)
Increase of emissions absorption (Gg COs-eq)
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4.2.3 Land use

In the Land use category three measures are modelled and analyzed. The most relevant information

for these measures/policies is given from Table 46 to Table 48.

Table 46. Conversion of land use of field crops above 15% inclination

Mitigation action: Conversion of land use of field crops above 15% inclination

Main objective: To reduce the intensity of soil erosion and loss of soil organic matter

Description: Cultivation of land on inclined terrain causes intensive processes of soil erosion and
mineralization of sol organic matter. This processes leads to intensive decomposition of soil organic
matter and emission of soil carbon into atmosphere. Conversion of such areas into perennial grassland
(pastures, meadows) will significantly decrease intensity of soil organic matter depletion and emission of
soil carbon, and will lead to carbon sink. Areas above 15% inclination by law should not be cultivated and
are not considered as agricultural Iand.

Information

Progress of implementation

Type

Sector

Relevant planning documents,
legal and regulatory acts
Gases

Methodology

Assumptions

Steps taken

Steps taken or
envisaged to
achieve the

action Steps

envisaged
Results achieved and estimated
outcomes
Estimated emission reductions

Timeframe

Costs (in 2030)*

Implementing entity

Progress indicators:

Land management and land use change in the category of cropland

AFOLU - Land

» Law on Agricultural Land

P Strategy for Agriculture and Rural Development

P Strategy for Consolidation of the Agticultural Land in the
Republic of Macedonia

» National Action Plan for Combating Desertification in the
Republic of Macedonia (draft version)

CO;

Land use change through conversion of almost 3000 ha of arable

land that has been identified on inclined terrain above 15%, to

grassland. IPCC Methodology.

The conversion of land use, should:

P Stop the intensive process of erosion of the top soil layer which
leads to loss of soil organic matter and its intensive ex-city
mineralization,

P Stop on site mineralization of soil organic matter due to
intensive processes of cultivation,

P Intensify carbon sink through accumulation of soil organic
matter.

The effects of conversion of crop land to grass land has been

monitored on two experimental fields in the past four years.

Land Parcel Identification System has been established and will

serve as a tool for control of the process of conversion.

P Establishment of system for systematic control of land use and
land use change on national level,

P Institutional suppott to primary producers with subsiding the
process of conversion of crop fields into grassland,

P System for monitoring of influence of land use change on soil
carbon sink.

All 2,957 ha of field crops on inclined terrains above 15% slope,

converted to grassland up to 2035.

> 3.2 Gg COsz-eqin 2025

» 5.8 Gg COsz-eqin 2030

» 6.2 Gg COsz-eqin 2035

2017-2035

Costs for the Reference scenario:
> 0ME

Costs for the Scenario with implemented measure:
> 0.08 M€

Specific costs:

» 13.7€/t COzeq
Ministry of Agriculture, Forestry and Water Economy
P Area converted on yearly base,



P Percentage of soil organic matter increase and carbon sink per
ha

*Costs refer only to the investments
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Table 47. Contour cultivation of cropland on inclined terrains (5-15%)

Mitigation action: Contour cultivation of cropland on inclined terrains (5-15%)

Main objective: To reduce erosion of top soil and conservation of soil otganic mater

Description: Downslope cultivation of cropland usually causes intensive processes of soil erosion. Field
experiments showed that the quantity of eroded sediment is multiply higher if compared to contour
cultivation. This eroded sediment is reach with SOM which in such circumstances is rapidly mineralized,
due to what significant quantity of soil carbon is released into atmosphere. Contour cultivation means that
all agro-technical operations should be across the slope. This measure Is easy to be implemented, since it
does not requires any special technical capacities and know-how. In practice, farmers usually are not aware
of its importance and influence of the overall soil fertility. With a systematic campaign for increasing the
awareness of the farmers this measure can be widely adopted.

Information

Progress of implementation

Type

Sector

Relevant planning documents,
legal and regulatory acts
Gases

Methodology

Assumptions

Steps taken
Steps taken or
envisaged to

achieve the

. Steps
action p

envisaged

Results achieved and estimated
outcomes

Estimated emission reductions

Timeframe

Costs (in 2030)*

Implementing entity

Progress indicators:

*Costs refer only to the investments

Land management and land use change in the category of cropland
AFOLU - Land
» Law on Agricultural Land
P Strategy for Agriculture and Rural Development
P Strategy for Consolidation of the Agricultural Land in the
Republic of Macedonia
P National Action Plan for Combating Desertification in the
Republic of Macedonia (draft version)
CO2
Land cultivation system change from downslope to contour
cultivation on 14,000 ha of arable land on inclined terrains (>5%).
IPCC Methodology.
Main assumptions of implementing contour cultivation are:
Decreasing of soil erosion processes of the top soil layer and
SOM loss with contour ploughing of inclined cropland,
Increasing of soil carbon with preservation of SOM in the top
soil layer,
Contour cultivation tested in practice of two experimental sites,
Contour cultivation promoted among farmers within several
national and international Projects
Incorporation of contour cultivation as a agro-ecological
measure into strategic documents,
Promotion of contour cultivation among farmers,
Institutional support to primary producers with subsiding the
process of adoption of the system of contour cultivation,
System for monitoring of influence of land use change on soil
carbon sink.
Implementing of contour cultivation on 14,000 ha of cropland on
inclined terrains up to 2035.
> 19.1 Gg COz-eqin 2025
> 28 Gg COz-eqin 2030
» 37 Gg COz-eqin 2035
2017 — 2035
Costs for the Reference scenario:
> 0ME€
Costs for the Scenario with implemented measure:
> 0.05 M€
Specific costs:
> 1.9€/tCOzeq
Ministry of Agriculture, Forestry and Water Economy
P Area in ha with contour cultivation,
P Percentage of soil organic matter increase and carbon sink per
ha
P Quantity of reduced soil sediment loss in t/ha

vV VvV V VY Vv VY

80



Table 48. Perennial grass in orchard and vineyards on inclined terrains (>5%)

Mitigation action: Perennial grass in orchard and vineyards on inclined terrains (>5%)

Main objective: Reducing of soil erosion and increasing of SOM in vineyards and orchards on inclined terrains (5-
15% slope)

Description: In vineyards and orchard on locations where rows are oriented downslope, as a result of intensive
classical system of cultivation, a intensive processes of soil erosion and depletion of SOM occurs, which lead to
Intensive emissions of soil carbon. Simple change of cultivation system with establishment of perennial grass,
can significantly mitigate the process of SOm loss and emissions of soil carbon. The measure is easy to be
implemented with low initial cost.

Type Land management and land use change in the category of cropland
Sector AFOLU - Land
» Law on Agricultural Land
P Strategy for Agriculture and Rural Development
Relevant planning documents, | P Strategy for Consolidation of the Agricultural Land in the Republic of
legal and regulatory acts Macedonia
P> National Action Plan for Combating Desertification in the Republic
of Macedonia (draft version)

3 Gases CO,

§ Establishing of perennial grass between rows in vineyards and orchards
$\ Methodology for replacement of classical type of land cultivation system, on a inclined
= terrains (5-15%). IPCC Methodology.

Main assumptions of implementing the measure of establishing perennial

grass in vineyards and orchards on inclined terrains are:

P Decreasing of soil erosion processes of the top soil layer and SOM

A . loss when classical type of cultivation system with deep plowing is

ssumptions . : .

replaced with perennial grass and no-tillage system,

P Increasing of soil carbon with accumulation of SOM in the top soil
layer due to mulching of moved biomass and accumulation of
biomaterial in the root zone of the perennial grass.

P Perennial grass in vineyards and orchards as a cover crop tested in

practice in two regions,

Perennial grass in vineyards and orchards as a agro-ecological measure

v

Steps taken
promoted among farmers within several national and international

Steps taken or Projects

envisaged to
achieve the
action

To foresee cover crops in perennial plantations (vineyards and
orchards) as a agro-ecological measure into strategic documents,

To promote the effects of cover crops among vine and fruit growers,
Institutional support to primary producers with subsiding the process
of implementing the measure

System for monitoring of influence of land use change on soil carbon
sink,

Steps
envisaged

vV Vv V

Results achieved and estimated = Implementing of grass land as cover crop on 10,630 ha of vineyards and
outcomes 1,250 ha of orchards up to 2035

> 4.5 Gg COz-¢qin 2025
Estimated emission reductions | P 8.5 Gg CO»-eq in 2030

> 122 Gg COz-eqin 2035

Progress of implementation

Timeframe 2017 — 2035
Costs for the Reference scenario:
> 0ME
. Costs for the Scenario with implemented measure:
*
Costs (in 2030) > 0.05ME

Specific costs:
P 62€/tCOzeq

Implementing entity Ministry of Agriculture, Forestry and Water Economy
P Area in ha of vineyards and orchards under perennial grass,
Progress indicators: P Percentage of soil organic matter increase and carbon sink per ha

P> Quantity of reduced soil sediment loss in t/ha
*Costs refer only to the investments



4.3 Waste

In the Waste sector three measures are modelled and analyzed. The most relevant information for

these measures/policies is given from Table 49 to Table 51.

Table 49. Closure of the existing landfills

Mitigation action: Closure of the existing landfills

Main objective: Environmental protection and meeting the highest European standards

Description: Rehabilitation of the existing landfills and illegal (“wild”) dumpsites with very high, high
and medium risk in each of the five waste management regions. This rehabilitation includes covering
on the existing non-compliant landfills, supplemented by gas extraction and flaring.

Type
Sector

Relevant planning documents,

legal and regulatory acts
N Gases
N
3
S
§ Methodology
Assumptions

Steps taken or Steps taken
envisaged to
achieve the

action
Steps

envisaged

Results achieved and
estimated outcomes

Estimated emission
reductions

Progress of implementation

Timeframe

Costs (in 2030)

Implementing entity

Technical

Waste — Solid waste disposal
» National Waste Management Plan
P Strategy for Waste Management in the Republic of
Macedonia
» Regional Waste Management Plans (Northeast, Southeast,
Pelagonia, Polog and Skopje region) — final and draft
versions
CO», CHy
Covering on the existing non-compliant landfills, supplemented
by gas extraction and flaring, which will convert the CHy
emissions into CO2 emissions. Modelling using the custom-
made software tool in excel, performing calculations based on
the IPCC Methodology.
Closing of the landfills by waste management regions in the
following order:
Skopje — 2020
East and Northeast — 2020
Polog — 2022
Southeast — 2024
Pelagonia and Southeast — 2024
Regional waste management plans developed
EU funds provided for construction of a regional landfill
for the East and Northeast planning region provided,
construction of six transfer stations and closing of all non-
compliant landfills.
P Obtaining funds for the other regions
P Starting the construction of the new regional landfill for the
East and Northeast planning region
Expected annual burned emissions of CHg:
» 17.2 kt CH4in 2025
» 15.1 kt CH4 in 2025
» 13 kt CHyin 2025
» 316 Gg COz-eqin 2025
> 275 Gg COsz-eq in 2030
» 237 Gg COsz-eq in 2035
2017 — 2035
Costs for the Reference scenario:
> 0M€
Costs for the Scenario with implemented measure:
> 0.60 M€
Specific costs:
> 2€/tCOzeq
» Ministry of Envitonment and Physical Planning

VVVVVYYVYY



Public municipal enterprises for waste management
State Environmental Inspectorate

Inter-Municipal Waste Management Board

Authorized Inspectors of Environment (Municipalities)

Progress indicators:

VVVVYYVYY

Burned emissions of CH4 (kt)
Emissions reduction (Gg CO2-eq)




Table 50. Mechanical and biological treatment (MBT) in new landfills with composting

Mitigation action: Mechanical and biological treatment (MBT) in new landfills with composting
Main objective: Environmental protection and meeting the highest European standards

Description: Opening of new regional landfills in all waste management regions with installed system for

mechanical and biological treatment and composting.

Information

Progress of implementation

Type

Sector

Relevant planning documents,
legal and regulatory acts

Gases

Methodology

Assumptions

Steps taken or
envisaged to
achieve the
action

Steps taken

Steps
envisaged

Results achieved and
estimated outcomes

Estimated emission
reductions

Timeframe

Costs (in 2030)

Implementing entity

Progress indicators:

Technical

Waste — Solid waste disposal

» National Waste Management Plan

P Strategy for Waste Management in the Republic of
Macedonia

» Regional Waste Management Plans (Northeast, Southeast,

Pelagonia, Polog and Skopje region) — final and draft
versions
COs, CHy
Opening of new regional landfills in all planning regions with
installed system for mechanical and biological treatment and

composting. Modelling using the custom-made software tool in
excel, performing calculations based on the IPCC Methodology.

Opening of the regional landfills in the following order:
Skopje — 2020

East and Northeast — 2020

Polog — 2022

Southeast — 2024

Pelagonia and Southeast — 2024

Regional waste management plans developed

EU funds provided for construction of a regional landfill
for the East and Northeast planning region provided,

VVVVVYYVYY

construction of six transfer stations and closing of all non-

compliant landfills.
P Obtaining funds for the other regions

P Starting the construction of the new regional landfill for the

East and Northeast planning region
Amount of compost:
» 80 kt in 2025
» 82kt in 2030
> 83,5 ktin 2035
» 5 Gg COzreqin 2025
» 52 Gg COz-eqin 2030
> 89 Gg COz-eqin 2035
2017 — 2035
Costs for the Reference scenario:
> 0M€
Costs for the Scenario with implemented measure:
> 2.8 Me*
Specific costs:
P 54€/tCOzeq
Ministry of Environment and Physical Planning
Public municipal enterprises for waste management
State Environmental Inspectorate
Inter-Municipal Waste Management Board
Authorized Inspectors of Environment (Municipalities)
Amount of compost (kt)
Emissions reduction (Gg COz-eq)

VVVVVYY

*The costs include the profit from the sale of compost



Table 51. Selection of waste - paper

Mitigation action: Selection of waste - paper
Main objective: Environmental protection and meeting the highest European standards
Description: Installation of containers for collection of selected waste, mainly paper
Type Technical
Sector Waste — Solid waste disposal

» National Waste Management Plan
P Strategy for Waste Management in the Republic of

Relevant planning documents, Macedonia
S legal and regulatory acts » Regional Waste Management Plans (Northeast, Southeast,
§ Pelagonia, Polog and Skopje region) — final and draft
X versions
N
= Gases CO,, CH4
Installation of containers for collection of selected waste.
Methodology Modelling using the custom-made software tool in excel,

performing caluculations based on the IPCC Methodology.
Gradual reduction of the paper share in the total amount of
waste from 22% to 12% by 2035.

Regional waste management plans developed

Containers for waste selection installed in several cities in
Macedonia, mostly in Skopje.

Private companies — digitalization of information (bills)

Assumptions

Steps taken
Steps taken or

vV vV VvV VY

envisaged to realized
achieve the Installation of containers for waste selection in all cities in
action Macedonia.
Steps . . .
. Promoting the reduction of paper consumption and
envisaged o . . .
dematerialization of the information using ICT
(Information and Communication Technologies)
Expected annual amount of paper waste:
Results achieved and » 110 kt in 2025
estimated outcomes » 93 ktin 2030

> 76kt in 2035
> 5Gg COsreqin 2025

Estimated emission > 19 Gg COs-eq in 2030

Progress of implementation

reductions > 38 Gg COseq in 2035
Timeframe 2017 — 2035
Costs for the Reference scenario:
> 0ME€
. Costs for the Scenario with implemented measure:
Costs (in 2030) > 014 Mé

Specific costs:

> 7€/tCOzeq

Ministry of Environment and Physical Planning

Public municipal enterprises for waste management
State Environmental Inspectorate

Inter-Municipal Waste Management Board

Authorized Inspectors of Environment (Municipalities)
Amount of paper waste (kt)

Emissions reduction (Gg CO2-eq)

Implementing entity

VVVVYVYYVYY

Progress indicators:



Assessment of mitigation
policies and measures




5 Assessment of mitigation policies and measures

5.1 Economic and environmental aspects

The economic and environmental aspects of the climate change mitigation policies and measures are

analyzed through the following two parameters:

» Economic effectiveness or specific cost - shows the amount of investments required in order
to reduce 1 t COs-eq by applying the specific policy/measure and it is expressed in €/t CO,-
eq.

» Environmental effectiveness or mitigation potential - indicates the extent to which emission

reductions are achieved by applying the specific policy/measure and it is expressed in t CO»-

€q.

The combined presentation of these two parameters results in the so-called Marginal Abatement Cost
Curve (MAC curve) which serves as a tool for determining priorities in the implementation of

mitigation policies and measures.

The MAC curve for the considered mitigation policies and measures for 2030 is shown in Figure 33.
Total emission reductions by 2030 that can be achieved by implementing all policies and measures
according to the presumed dynamics are more than 10,940 Gg COs-eq (for comparison, the total
emissions in the WOM Scenario in 2030 are 23,177 Gg CO»-eq). Almost 80% of these reductions can
be achieved with policies and measures that have negative costs or the so-called win-win measures,
whose realization, besides emission reductions, also generates financial savings. These are mostly
cheap measures that change consumers’ behavior, and so, they should have high priority for

implementation.

The specific costs of the proposed mitigation policies and measures is more clearly shown in Figure
34, where it can be noted that almost 2/3 of the measures are with negative costs. However, if
simultaneously analyzing the reductions that occur by their implementation (Figure 33), significant
win-win options can be distinguished, such as: Renewing of the national car fleet, Labeling of electric
appliances and equipment , Improvement of the street lighting in the municipalities, inclusion of more
heat pumps, Energy management in manufacturing industries, Phasing out of incandescent lights,
Public awareness campaigns and network of EE info centers, Solar thermal collectors, Introduction
of efficient electric motors, Reduction of distribution losses, Solar rooftop power plants, etc. Some of
the policies and measures that have reasonably small costs (for example, Wind power plants,
Retrofitting of existing residential buildings, Introduction of biofuels or some of the measures in non-
energy sectors such as Enteric fermentation in dairy cows, Change of quality of forests by afforestation
of transitive forest land, Conversion of land use of field crops above 15% inclination, etc.) should also

be considered for possible realization.
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Figure 33. Marginal abatement cost curve for 2030

From the aspect of the calculated mitigation potential (Figure 35), among the top five with the highest
incandescent lights, Decreasing the number and damaged area by forest fires, Natural gas power plants

potential, the following measures can be outlined: Inclusion of more heat pumps, Phasing out of
(CHP), Public awareness campaigns and network of EE info centers, which also have negative (or

very low) specific costs.
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5.2 Social aspects

In order to be able to analyze the overall contribution of the proposed policies and measures towards
sustainable development, it is necessary, in addition to the economic and environmental aspects, to
address the social aspects. In this study, this was done through an analysis of job creation potential
using the same methodological approach (a model for domestic green jobs) developed and

implemented for the needs of the Intended Nationally Determined Contributions.

The investments for implementation of the policies and measures, either in energy efficiency or low-
carbon energy supply, will mean developing a projects that will positively affect engineering jobs,
entreprencurship, jobs in the financial sector (mainly high-quality jobs - "white-collar jobs "), and then
once this phase is completed, the procurement and installation of equipment will be made by installers
and engineers ("mixed white and blue-collar jobs"). During the operational phase, jobs will be created
related to operation and maintenance, and for some measures jobs will be created related to fuel-
handling (production, transport, etc.). There also might be jobs related to billing accounts, as well as

other types.

The energy efficiency measures in the building sector have the highest potential for creating jobs,
especially home jobs. The most important measures in this group are related to the retrofit of buildings
(bringing buildings up to existing standards or to a passive house standard introduced by adopting an
improved building directive), which will increase the number of jobs in the construction sector and in
the building materials industries (cement, bricks and tiles, insulations, paints, etc.). It is of the utmost
importance that the renovation of the buildings is maintained relatively constant, because the
renovation of many buildings in one year and very few buildings next year will not bring benefits to
the local economy. This is due to the fact that the sectors need time to develop, so large-scale activities
in one year would require companies and labor from outside the country to meet the market. In
addition, in the years with the low activity, this sector will have to disappear. Accordingly, policies and
measures must be designed in a way that ensures sustained or slowly growing investments. Overall, in
Macedonia, the construction of new buildings according to a new standard for energy efficiency and

the upgrading of old buildings can open over 4,000 new jobs by 2035.

The measure for lighting improvement refers to buildings, but also to public lighting. The transition
to LED lighting, which has a much higher added value, will create jobs because new sales channels
and innovative installations will be formed. It is estimated that a $ 1 million investment in this sector
will create 5.1 direct jobs and 4.2 indirect jobs. Indirect jobs are in industries that supply the specific
industry with goods and services. For example, based on the procurement of products from the
construction industry, it is possible to estimate the number of direct jobs in the construction industry
as a result of those procurements, as well as indirect jobs created in the timber industry, hardware,
trucking and more. These jobs will induce an additional 3.7 jobs in other sectors (employees in the
direct and indirect industries will spend their earnings in retail, health, food, etc.). By applying this
measure, a total of 720 new jobs might be created by 2035.



The measure Inclusion of more heat pumps also has the potential to create jobs in terms of sales,
installation and maintenance. It is estimated that, up to 2035 this measure might open up to 120 new

jobs.

Jobs related to "more efficient transport" are difficult to evaluate. These jobs will mainly be created in
the production of vehicles, which is unlikely to be in Macedonia. On the other hand, if the
electrification of the personal vehicles starts, workplaces connected with chargers and smart chargers
will be created, which will be installed in the homes, business premises and public parking lots. But
some jobs will be lost, such as the services at the gas stations. Workplaces related to the transition to
public transport, use of bicycles and hiking and railways are difficult to assess. They should be linked
to new investments in alternative modes of transport, as well as the maintenance of the appropriate

technologies.

Investments in energy efficiency in industries are also difficult to assess because they are very specific

to each industry and each process.

Policies and measures in energy supply include increasing the efficiency of existing power plants,
switching to low-carbon fossil fuels and to renewable energy sources for the production of electricity

and heat and biofuels for transport.

Increasing the efficiency of existing power plants will create only a small number of new jobs in the
reconstruction phase, but in the long run, a higher level of automation is expected, so many new jobs
cannot be expected. The partial change from coal-fired electricity production to natural gas fired

power plants would create 100 new jobs in 2035.

The use of more renewable energy sources for electricity generation, especially photovoltaic systems,
wind, biomass, hydro systems and plants using waste gas will open about 540 jobs in 2035, mainly in
the photovoltaic systems sector, which is quite intense in terms of the required workforce, especially

if small systems are installed on the roof.

The use of more renewable energy sources for heat production is also a good option, such as solar

thermal systems, biomass and heat pumps. The installation of solar thermal collectors can open 710
jobs in 2035.

Greater use of biofuels in transport can be a good option in case biofuels are produced locally. At the

moment, it does not appear to be an economic option in Macedonian terms.

As shown in Figure 36, over 6,200 green jobs can be expected in 2035 by implementing energy

efficiency measures in buildings and low-carbon energy supply (renewable sources and gas).
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7000 ® Inclusion of more heat pumps
M Retrofitting of existing commercial buildings

6000 M Retrofitting of existing public buildings
5000 H Improvement of the street lighting in the municipalities
2 M Retrofitting of existing residential buildings
'.% 4000 m Construction of passive buildings
© m Construction of new buildings
[}
-g 3000 Phasing out of incandescent lights-residential
5 B Phasing out of incandescent lights-commertial
2000 W Solar rooftop power plants
M Biomass power plants (CHP optional)
1000 W Biogas power plants
B Natural gas power plants (CHP)
0 M Small hydro power plants
2025 2030 2035 .
Wind power plants
lFoanHa

M Solar power plants
Solar thermal collectors

Figure 36. Number of domestic green jobs






6 Mitigation scenario

6.1 Mitigation scenario (With Existing Measures - WEM)

Compared to the Reference Scenatio, the Mitigation Scenario includes 35 measures/policies from
the list of measures given in the previous chapter (Assessment of mitigation policies and measures).
Measures included in this scenario are called existing measures because they are highly likely to be

realized, i.e. they fall into one of the following groups:

P Already started/planned to start in the near future;
P Priority projects/policies in sectoral strategic and planning documents;

P They arise from already adopted laws or laws that will be adopted in the near future.

Therefore, this scenario is also called "With Existing Measures' (WEM), and it can also be called
baseline scenario that is likely to be achieved. Within this chapter, for each sector individually
(Energy, Agriculture, Forestry and Other land use and Waste), and for each measure/policy that is
part of this scenario, tabular representation including the following information is given: the
competent entities for their realization, the necessary investments, the source of funding and indicative
emissions reduction. The results of the mitigation scenario are first shown separately for each sector

(due to the specificity of each of the sectors), and eventually the aggregate results are obtained.

6.1.1 Energy

From the Energy sector, in the Mitigation scenatio, 24 measures/policies ate included, and are

represented in Table 52.

Table 52. Review of the measures/ policies included in the Mitigation scenario of the Energy sector

Indicative
emissions
# | Policy/measure Competent entity for Investments Source of reduction
realization (mil. €) funding (Gg COz-eq)
2025 2030 2035
Reduction of > Elect.r1c1ty distribution Distribution
I distribution losses | O TPAMCS 2204 companies
» Heat distribution companies
» JSC ELEM
1 P Ministry of Environment JSC ELEM,
2 ) and Physical Planning 1152.6 | Public Private =~ 244 514 753
plants P Ministry of Economy, Partnership
Energy Agency
» Government of the RM
» Energy Regulatory
Commission
3 | Small hydro power | B Ministry of Environment 1765  Privatesector 133 229 189
plants and Physical Planning
» Ministry of Economy,
Energy Agency
P Private investors
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Solar power plants

Solar rooftop
power plants

Wind power plants

Biogas power
plants

Biomass power
plants (CHP
optional)

Central heating of
Bitola

Solar thermal
collectors

Labeling of electric
appliances and
equipment

Public awareness
campaigns and
network of EE
info centers

Retrofitting of
existing residential
buildings

Retrofitting of
existing public
buildings

» Government of the RM
» Energy Regulatory
Commission

P Ministry of Economy,
Energy Agency

P Private investors

» Government of the RM
» Energy Regulatory
Commission

» Ministry of Economy,
Energy Agency

» JSC EVN Distribucija
P Electricity end-users

» Government of the RM
» Energy Regulatory
Commission

» Ministry of Economy,
Energy Agency

» JSC ELEM

P Private investors

» Government of the RM
» Energy Regulatory
Commission

» Ministry of Economy,
Energy Agency

P Private investors

» Government of the RM
» Energy Regulatory
Commission

» Ministry of Economy,
Energy Agency

P Private investors

» Government of the RM
» JSC ELEM

» Ministry of Economy,
Energy Agency

» Ministry of Economy,
Energy Agency

» End-users

» Ministry of Economy,
Energy Agency

» manufacturers and vendors

of household appliances and
equipment

» End-users

» Ministry of Economy,
Energy Agency

» Energy suppliers

» End-users

» Ministry of Economy,
Energy Agency

» Donors and financial
institutions

» Households

» Ministry of Economy,
Energy Agency

» Ministry of Finance

P Local self-government
» Public Utilities

86.5

78.7

332.0

60.0

24.9

50.0

85.1

77.5

324.8

590.2

633.7

Private sector

Private sector

JSC ELEM,
Private sector

Private sector

Private sector

JSC ELEM

Private sector

Private sector

Budget of the
RM

Private sector

Central
government,
local self-
governments,
the city of
Skopje

15

19

154

23

55

25

15

104

410

161

135

84

88

456

65

90

36

83

202

893

284

296

90

86

314

71

85

25

90

240

884

292

346



20

21

22

23

24

Retrofitting of
existing
commercial
buildings

Construction of
new buildings

Improvement of
the street lighting
in the
municipalities
Energy
management in
manufacturing
industries
Introduction of
efficient electric
motors

Biofuels 5%

Increased use of
the railway

Renewing of the
national car fleet

Renewing of other
national road fleet

Increased use of
bicycles, walking
and introduction
of parking policy

» Donors and financial
institutions

P Ministry of Economy,
Energy Agency

P Ministry of Finance
» Commercial buildings
owners

» Ministry of Economy,
Energy Agency

» Donors and financial
institutions

P Investors (households)

P Local self-government
P Ministry of Economy,
Energy Agency

» Ministry of Economy,
Energy Agency
P Private companies

P Private companies

» Ministry of Economy,
Energy Agency

» Ministry of Economy,
Energy Agency

» End-users

» Government of the RM
» Ministry of Transport and
Communication

» Ministry of Economy,
Energy Agency

P JSC Makedonski zeleznici
» End-users

P Private companies

» Government of the RM
» Ministry of Transport and
Communication

» Ministry of Economy,
Energy Agency

» End-users

» Government of the RM
» Ministry of Transport and
Communication

» Ministry of Interior

» Ministry of Economy,
Energy Agency

P Private companies

» Ministry of Economy,
Energy Agency

P Local self-government

» End-users

Total

2123

284.9

14.6

113.6

96.5

10,999.5

1,442.6

17,056.8

Private sector

Private sector

Budget of the
local self-
governments

Private sector

Private sector

Private sector

Budget of the
RM

Private sector

Private sector

Private sector

64

43

30

52

51

206

10

83

27

127

101

86

150

117

221

20

139

65

148

138

86

199

134

221

26

185

122

Greenhouse gas emissions reduction are indicative and indicates how much a given measure/policy

will contribute to mitigating climate change independently. As a result of the interdependence between

the measures/policies, the total reductions of greenhouse gas emissions cannot be calculated as a

simple sum of the reductions of each measure/policy individually. Measures with the greatest potential

96



for reducing greenhouse gas emissions are: Public awareness campaigns and network of EE info

centers and Large hydro power plants.

The main indicators, by which the Energy sector in the Mitigation scenario can be described are shown

in Table 53 and they indicate that the average annual increase by 2035 is:

» 2.3% of the final energy or a total increase of 68% in 2035 (3,074 ktoe) compared to 2012
(1,830 ktoe);

P 1.6% of electricity consumption or a total increase of 45.1% in 2035 (10,159 GWh) compared
to 2012 (7.004 GWh);

P 2.0% of the total installed capacity or an increase of 58.3% in 2035 (2,898 MW) compared to
2012 (1,830 MW);

P 1.8% of the gross inland consumption or a total increase of 49.2% in 2035 compared to 2012;

» 0.1% of greenhouse gas emissions or an increase of 2.4% in 2035 compared to 2012.

Table 53. Indicators for the Mitigation scenario

Total increase
%)
2012/ 2012/ 2012/ @ 2012/ 2012/ 2012/
2025 2030 2035 2025 2030 2035

Annual increase rate (%)

2012 2025 2030 2035

Final energy (ktoe) 1830 2417 2725 3074 22%  22%  23% 321% 49.0%  68.0%
%“W;Zc”y consumption 7004 8326 9355 10159  13%  1.6%  1.6% 189%  33.6%  45.1%
Electricity production 8301 9653 10814 11,710  12%  15%  15% 163%  303%  41.1%
(GWh)

Installed capacity (GW) 1,830 2364 2690 2898  20%  22%  20% 292% 47.0%  58.3%
Z‘(’;”’”"”d Consumption |, go4 3707 4115 4361 1.8%  1.9%  18%  26.8%  40.7%  49.2%
gj’ G emissions (Gg COr | 1,404 10870 11794 11121 00%  05%  01%  01%  8.6%  24%

For realization of the mitigation scenario, in the Energy sector, investments of 17,056.8 mil. € for
the period 2017-2035 are needed or annually 897.7 mil. € in average. For comparison, these
investments amount to about 6.75% of the average annual GDP for the same period (13,300.0 million
€). If the investments from the private sector are exempted, the remaining investments amount to
2.604,2 mil. € or an average of 137.1 mil. € annually, (referring to the budget of the Republic of
Macedonia, the local self-governments, the City of Skopje, JSC ELEM). It is important to emphasize
that these investments contribute to reducing the total system costs (€ 37,803 million discounted

in 2012) compared to the reference scenario costs (€ 39,415 million), which is a reduction of 4.1%.



6.1.2 Agriculture, Forestry and Other Land Use

In the Mitigation scenatio, 8 measutes/policies are included from the Agticulture, Forestry and Other

land use sector, from which three are from Livestock, two from Forestry, and three form Agriculture
and Other land use (Table 54).

Table 54. Review of the measures/ policies included in the Mitigation scenario of the Agriculture, Forestry and Other land use sector

Policy/
measure

Enteric

| | fermentation
in dairy cows
Manure

2 | management
in dairy cows
Manure

3 | management
in swine farms

Decreasing the
number and
damaged are
by forest fires

Change of
quality of
forests by
afforestation
of transitive
forest land

Conversion of
land use of
6 | field crops
above 15%
inclination
Contour
cultivation of
cropland on
inclined
terrains (5-
15%)
Perennial grass
in orchard and
8 | vineyards on
inclined
terrains (>5%)

Competent entity for

realization

P Ministry of
Agriculture, Forestry
and Water Economy
P Ministry of
Agticulture, Forestry
and Water Economy
P Ministry of
Agriculture, Forestry
and Water Economy
P PE “Makedonski
sumi”

P Ministry of
environment and
physical planning

P Ministry of
Agriculture, Forestry
and Water Economy
P PE “Makedonski
sumi”

P Ministry of
environment and
physical planning

P Ministry of
Agriculture, Forestry
and Water Economy

» Ministry of
Agriculture, Forestry
and Water Economy

P Ministry of
Agticulture, Forestry
and Water Economy

P Ministry of
Agriculture, Forestry
and Water Economy

Total

Investments

0.2

19

47.5

1.5

72.2

Source of
funding

Private sector

Private sector

Private sector

PE "Makedonski
sumi", other
forest enterprices

PE "Makedonski
sumi", other
forest enterprices

Private sector

Private sector

Private sector

Indicative emissions

2025

1.4

0.3

1,154.9

115.1

3.2

19.1

4.5

1,301.5

reduction
(Gg COz-¢q)
2030 2035
5.7 8.3
2.1 3.9
0.4 0.4
1,189.1  1,223.3
167.3 219.6
5.8 6.2
28.0 37.0
8.5 12.2
1,407.0 1,511.0



Using the proposed measures in the Agriculture, Forestry and Other land use sector in 2035, a

greenhouse gas emissions reduction of 1.511Gg COs-eq can be achieved. The measures from the

Forestry category contribute by far the most to the reduction of greenhouse gas emissions, i.e. they

account for 95.5% of the total emission reduction from the Agriculture, Forestry and Other LLand

use sector in 2035. In order to obtain this reduction it is necessary to invest 72.2 € mil. for the period

from 2017-2035 or 3.8 mil. € per year. Most of the investments are from PE "Makedonski sumi" and

other forest enterprises, which participate with 92.1% in the total foreseen investments.

6.1.3 Waste

From the Waste sector, three measures/policies are included (Table 55).

Table 55. Review of the measnres/ policies included in the Mitigation scenario of the Waste sector

Indicative emissions
Policy/ Competent entity for ~ Investments Source of
# measure realization (mil. €) funding (Gg COzeq)
2025 2035
> Ministry of Local self-
. government
environment and throueh Public
Closure of the | physical planning Utiliti%
1| existing » Public utilities 20.5 S 316 237
. Public Private
landfills P Inter-municipal .
Partnership,
board for waste Grants from the
management EU s
.. Local self-
Mechanical > Mlmstry of government
. . environment and .
and biological T through Public
o | freatment » Public utilities 70,5 | Ulities, 5 89
(MBT) in new . Public Private
. P Inter-municipal .
landfills with Partnership,
. board for waste
composting Grants from the
management EU
> Ministry of Local self-
. government
environment and through Public
. physical planning o
3| Selection of 1 blic uilities p  Ulities, 5 38
waste - paper .. Public Private
P Inter-municipal .
Partnership,
board for waste
Grants from the
management EU
Total 93 326 364

For the implementation of the Mitigation scenario in the Waste sector, investments of 93 mil. € are

needed, for the period from 2017 to 2035 or an average of 4.9 mil. € annually. A measure with the

most significant potential for greenhouse gas emissions reduction is the closure of the existing

landfills.



6.1.4 Total emissions

By implementing the measures/policies from the Energy, Agriculture, Forestry and Other Land Use
and Waste sectors, and taking into account the emissions from the Industrial Processes and Product
Use sector from the Reference Scenario, the following conclusions for the total emissions are drawn

(Figure 37Errot! Reference source not found.):

» Continuous increase in greenhouse gas emissions from 2015 to 2032,

P Increase of greenhouse gas emissions by 2.6% in 2035 compared to 2012,

P The largest emissions are recorded in 2032, amounting to 18,130 Gg CO2-eq,

P The energy sector is the sector with the largest share of 60.9% in 2035,

» During the whole period 2015-2035, the category Forestry has absorption of emissions, which

makes this category sustainable.

20,000
15,000
10,000
5,000
0

-5,000

Industrial Processes and Product Use
mmm Agriculture
m Forest and Other Land Use

Waste
—— Net emissions

Figure 37. Total GHG emissions by sectors — WEM scenario (in Gg COz-eq)
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6.2 Higher ambition mitigation scenario (With Additional Measures - WAM)

The higher ambition mitigation scenario includes all the Mitigation scenatrio measutes/policies, but
also includes additional measures/policies that are less likely to be realized and therefore they atre
referred to as the "Additional Measures". None of these measures is in progress, and each of them
has a status of planned measure. Exception is only the measure Construction of a railway line to the

Republic of Bulgaria for which the funds for realization have been provided.

6.2.1 Energy

In the higher ambition mitigation scenatio, 11 additional measures/policies were included in the

Energy sector compared to the mitigation scenario (Table 506).

Table 56. Review of the measures/ policies included in the Higher ambition mitigation scenario of the Energy sector

Indicative
emissions
Policy/ measure Competent entity for Investments Source of reduction
realization (mil. €) funding (Gg COz-¢q)
2025 2030 2035
All the measures
from the 17,056.8
Mitigation
scenario
» Ministry of Economy,
Energy Agency JSC ELEM,
I\Iammg;fppower » JSC ELEM 1,066.7 = Public private 947 1247
plants (CHP) » JSC TETO partnership
» Other private investors
Phasing out of
resistive heating » Ministry of Economy,
devices and Energy Agency 410.9 | Private sector 718 1465 1350
inclusion of more | P Consumers
heat pumps
» Ministry of Economy,
. Energy Agenc
Con§tmcUF) " of > Dg(ilor% anc}lf financial 684.5 | Private sector 7 45 103
passive buildings o
institutions
P Investors (households)
Private sector,
» Government of the RM budget of the
Phasing out of » Ministry of Economy, RM, budget
incandescent lights | Energy Agency 839.8 of the local 677 | 1314 | 1131
» Consumers self-
government
Budget of the
» Ministry of Economy, RM, budget
"Green Energy Agency of the local
" » Public Procurement Bureau 42.4 | self- 16 64 73
procurements » Municipal Local government,
Government the city of
Skopje
Gasification > GQYernment of the RM .
» Ministry of Economy, 49.5 | Private sector 17 17 58

(residential and

Energy Agency



commercial and
public sector)

Increased use of
central heating
systems

Utilization of the
district heating
system for sanitary
hot water
combined with
solar collectors

Biofuels 10%

Construction of
the railway to
Republic of
Bulgaria

Electrification of
the transport

» Macedonian energy
resources

» JSC GAMA

P JSC Strumica gas

» JSC Kumanovo gas

» Directorate for
Technological Industrial
Development Zones

P Private investors

» Ministry of Economy,
Energy Agency

P Distribution of heat
BALKAN ENERGY DOOEL
P JSC Skopje sever

» Branch Energetics Skopje
P Private investors

» Ministry of Economy,
Energy Agency

» Distribution of heat
BALKAN ENERGY DOOEL
» JSC Skopje sever

» Branch Energetics Skopje
P Private investors

» Ministry of Economy,
Energy Agency

» Consumers

» Government of the RM

» Ministry for Transport and
Communications

» Ministry of Economy,
Energy Agency

» Government of the RM

» Ministry for Transport and
Communications

Total

19.6

16.0

667.3

1,784.5

22,638.0

Private sector

Private sector

Private sector

Budget of the
RM

Private sector

10

206

17

13.3

24

25

221

26

20.4

18

30

221

30

The main indicators by which the Higher ambition mitigation scenario is described are shown in Table

57 and they indicate that the average annual increase by 2035 is:

P 2.0% of final energy or a total increase of 57.3% in 2035 (2,879 ktoe) compared to 2012 (1,830

ktoe);

P 1.1%, of electricity consumption or a total increase of 30.1% in 2035 (9,110 GWh) compared
to 2012 (7,004 GWh);
P> 1.7% of total installed capacity or increase of 46.1% in 2035 (2,674 MW) compared to 2012

(1.830 MW);

P 1.0% of the total energy requirement or a total increase of 25.7% in 2035 compared to 2012;

» -1.2% of GHG emissions or decrease by 24.4% in 2035 compared to 2012.



Table 57. Indicators for the Higher ambition mitigation scenario

Total increase
(%)
2012/ 2012/ 2012/ @ 2012/ 2012/ 2012/
2025 2030 2035 2025 2030 2035

Annual increase rate (%)

2012 2025 2030 2035

Final energy (ktoe) 1830 2296 2553 2,879  18%  19%  20% 255% 395%  57.3%
‘(EG[‘;V"‘;C"Y consumption 7,004 7248 8213 9110  03%  09%  11%  35% 17.3%  30.1%
féﬁ;;zc”y production 8301 8352 9436 10442  0.0%  07%  1.0%  0.6% 137%  258%
Installed capacity (GW) 1830 20225 2486 2,674  15%  17%  17% 21.6% 358%  46.1%
f;‘;jz ;ﬁﬁi (ktoc) 2924 3388 3837 3675  11%  15%  1.0% 159%  312%  25.7%
GHG emissions (Gg o o o o o =
COreq) 10864 10488 11542 8539 0.6%  01% -12% A% 22%

For implementation of the Higher ambition mitigation scenario, investments of 22,638.0 mil. € are
needed for the period 2017-2035, or an average of 1,191.5 mil. € annually. For comparison, these
investments amount to about 8.96% of the average annual GDP for the same period (13,300.0
million €). If the investments from the private sector are exempted, the remaining investments amount
to 5,220.4 mil. €, or an average of 274.8 mil. € annually, (referring to the Budget of the Republic of
Macedonia, local self-governments, the City of Skopje, JSC ELEM and Public private partnership). It
is of great importance to emphasize that these investments contribute to the reduction of total
system costs (37,045 mil. € discounted in 2012) compared to the Reference scenario costs (€
39,415 million), which is a reduction of 6%.

6.2.2 Total emissions

By implementing the measures/policies from the Energy, Agriculture, Forestry and Other Land Use
and Waste sectors, and taking into account the emissions from the Industrial Processes and Product

Use sector from the Reference Scenario, the following conclusions for the total emissions are drawn
(Figure 38):

P Continuous increase in greenhouse gas emissions from 2015 to 2032,

P Decrease of greenhouse gas emissions by 14% in 2035 compared to 2012,

P The largest emissions are recorded in 2032, amounting to 17,510 Gg CO2-eq,

P The energy sector is the sector with the largest share of 53.8% in 2035,

» During the whole period 2015-2035, the category Forestry has absorption of emissions, which

makes this category sustainable.
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Figure 38. Total GHG emissions by sectors — WAM scenario (in Gg COz-¢q)

6.3 Comparative analyses of the scenarios

The basic principles of sustainable development are embedded in the two scenarios for climate change
mitigation, but in order to perceive the situation with the development of Macedonia in terms of

sustainable development, some indicators have been calculated in this study.

The EU Sustainable Development Strategy (EU SDS) recognizes climate change as a threat, and in
the part of Climate Change and Energy, through several indicators, expresses the progress of the EU
in the short and long term regarding the climate change. On the other hand, the United Nations (UN)
have created another set of indicators for sustainable development. Despite the similarity of these two
sets of indicators, they differ and therefore in this study the development of Macedonia is perceived
through both groups. For the indicators created by the European Union, a comparison was made of
Macedonia with the countries of Southeast Europe and the EU28. The comparison with other
countries is significant because in that way it can be checked whether the forecasts made are realistic
and where would Macedonia be in 20357 These indicators are analyzed only for the Energy Sector, as

a sector with the highest share in GHG emissions in Macedonia.

6.3.1 EU indicators for sustainable development - Energy

In this part, a comparison has been made with the countries of the European Union (EU28) and with

the countries of Southeast Europe, using the following indicators:

P renewable energy share in the gross final energy consumption
electricity generated from renewable energy sources

energy dependence

vwvyy

share of renewable energy in fuel consumption in transport



P greenhouse gas emissions intensity of energy consumption

Figure 39 shows the renewable energy share in the gross final energy consumption, an indicator
that expresses how much of the energy needs are provided from wind, solar, biomass and geothermal
energy. In Macedonia, this share increased from 15% in 2007 to around 20% in 2016, so Macedonia
follows the EU (28) trend, where this indicator from 11% in 2007 rose to 17% in 2015. Compared to
the countries in the region, in recent years, Macedonia is almost at the same level as Bulgaria. The
highest share was recorded in Montenegro (43% in 2015) and Albania (33%), followed by Croatia
(29%) and Romania (25%). Analyzing scenarios for further development of Macedonia, in the WOM
scenario, this indicator will decrease during the considered period, as there are almost no new installed
capacities from renewable energy sources, and on the other hand the gross final energy consumption
is increased. In the mitigation scenarios WEM and WAM, where measures for construction of new
RES capacities are foreseen, this indicator will keep the current trend of increase, and after 2025 the

share of RES will be expected to range from 24% to 26% in the gross final energy consumption.

50%
45%
40%
35%
30%
25% / [ — B _em=e
20% /\/_ =IO
N e
. — T
5%
0%
N g U U U VRO S
——EU (28) Bulgaria Greece Croatia
—— Hungary Romania —— Montenegro Macedonia
—— Albania = ceeeeees Macedonia WOM — — =Macedonia WEM Macedonia WAM

Figure 39. Renewable energy share in the gross final energy consumption (in %)

The increase in the share of RES, especially in electricity production, has been recorded in the Strategy
for Sustainable Development and the Directive on the Promotion of the Use of Renewable Energy
(Directive 2009/28/EC) as an EU target for reducing Greenhouse gas emissions and energy

dependence.

Analyzing the generation of electricity from RES as a share in the total (gross®) electricity
generation (Figure 40), it can be noticed that Macedonia increases the share from 14% in 2007 to
22% in 2015, but it is below the EU(28) average where RES in 2015 participated with 29% in the

5 Gross production of electricity is a sum of generated electricity from domestic sources and net import (import-export)

of electricity.



electricity generation. From the countries in the region, the largest share of electricity generation from
RES has Albania (79%), where hydropower plants dominate, followed by Montenegro (50%), Croatia
(45%) and Romania (43%). According to the WOM scenario for Macedonia, this indicator has a
downward trend after 2020, primarily due to the increased production of electricity from fossil fuels
and not building RES capacities. However, using the measures analyzed in the mitigation scenarios,
this indicator will continue the growing trend reaching 44% in the WEM scenario and 47% in the
WAM scenario (at a level like Montenegro and Croatia in 2015).
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Figure 40. Electricity generated from renewable energy sources (in %)

Another indicator that should be considered is the energy dependence, expressed as the ratio
between net imports and total energy demand. This indicator actually describes to what extent the
economy of a country relies on imports to meet its own energy needs. In recent years, in Macedonia,
this indicator ranges from 40% - 50%, reaching 53% in 2015, and it is at the same level as EU (28)
and Croatia (Figure 41). Accordingly, it can be concluded that Macedonia is still an import dependent
country compared to other countries in the region, where it can be noted a decreasing trend for this
indicator. Greece has the highest value for this indicator (about 70%), while in the countries with
higher utilization of RES, such as Albania and Montenegro, this indicator is below 20%. In the WOM
scenario, energy dependence is expected to increase for almost 10% by 2029, and after 2032, with the
closure of larger generation facilities using domestic resources and opening up new facilities that will
operate on imported fuels, an increase is expected of additional 20%. In the mitigation scenarios, with
the introduction of energy efficiency measures, which reduce the energy demand, as well as the
increased share of RES, this indicator will vary in the current range (from 45% - 55%) by 2033, where
there is a certain increase of 17 % in the WEM scenario, and 28 % in the WAM scenario, for the same

reasons as in the Reference Scenatio.
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Figure 41. Energy dependence (in %)

The share of renewable energy (such as biofuels and electricity from RES) in fuel consumption
in transport is also one of the EU objectives, in accordance with the Directive on the promotion
of the use of energy from renewable sources (Directive 2009/28/EC), where it has been adopted that
the share of RES in the fuel consumption in transport by 2020 should be 10%. The EU Sustainable
Development Strategy also takes into account this share as one of the indicators in the field of Climate
Change and Energy. This indicator notes a growing trend in the EU (28), as well as in the countries
of the region, especially after 2012 (Figure 42). In Macedonia it is at a very low level, below 1%, and
in the WOM scenario it is assumed that it will decrease during the considered period. According to
the national strategic documents, transposition of the Directive on the promotion of the use of energy
from renewable sources (Directive 2009/28/EC) in national legislation is planned. In the WEM
scenario, postponement of the Directive by 2025 is assumed, i.e. 5% on biofuels in 2020 and 10% in
2025, a percentage that is retained until 2035. On the other hand, the WAM scenario assumes that the
Directive will be implemented by 2020, i.e. a 10% share of biofuels in 2020, a percentage that is
retained until 2035. The forecasted growth of the share for Macedonia in the period 2018-2020 is
achievable and similar growth has occurred in some of the analyzed countries (such as Bulgaria and

Croatia).
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Figure 42. Share of renewable energy in fuel consumption of transport (in %)

From the aspect of climate change, an important indicator is the greenhouse gas emissions
intensity of energy consumption, which monitors the extent to which low-carbon fuels, such as
natural gas and RES, replace high-carbon fuels, such as lignite and other coal, in energy production
and consumption. From the comparison with the EU countries and neighboring countries (Figure 43),
it can be concluded that Macedonia's greenhouse gases emissions of energy consumption are low.
Expressed as an index relative to 2000 (2000 = 100%), the value of this indicator in the past years
ranges between 80% - 90%. For EU countries this indicator ranges from 90% -100%. As it can be
noted in Figure 43, in 2015, Macedonia has an increase of about 20%. This is due to the fact that from
2015 to 2035 in the greenhouse gases emissions for Macedonia, emission from the import of electricity
are also included, for the reasons explained in the chapter "Reference scenatio" section "Emission
factor of imported electricity". Although thete is an increase in energy demand that is largely met by
fossil fuels in the WOM scenario, this indicator is expected to decrease and in 2035 it will be 75%,
which is 25% lower than the emissions in 2000. In the mitigation scenarios, as a result of energy
efficiency measures, the increase in energy consumption is expected to be slighter than in the WOM
scenario, and at the same time, with the replacement of lignite with natural gas and the greater
utilization of RES, this indicator is expected to reach 65% in the WAM scenario, which means 35%

less emissions compared to 2000.
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Figure 43. Greenhouse gas emissions intensity of energy consumption, 2000=100 (in %)

When comparing GHG emissions (including emissions from electricity import) for all scenarios,
expressed by index in relation to 2000 (Figure 44), in the Reference scenario (WOM), an increase of
the emissions is expected of 50% by 2035, primarily due to the use of fossil fuels for energy needs. In
the mitigation scenarios the emissions will be at approximately the same level as previously, i.e. within
the limits of 87% - 110%. In the Higher ambition scenario the emissions are slightly lower, between
85% - 107%, by 2032, and from 2033 there is a decrease reaching 72%, due to the closure of TPP
Bitola and the opening of natural gas fired TPP and CHP, instead of coal fired TPP as is the WOM

scenatio.
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Figure 44. Comparison of GHG emissions in the Reference, Mitigation, and Higher ambition mitigation scenarios, 2012=100 (in %)
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6.3.2 UN indicators for sustainable development — Energy sector

Given that the energy sector is the largest source of greenhouse gas emissions, in Table 58 several key
indicators for the three analyzed scenarios for this sector are summarized, which are defined under
the Sustainable Development Goals (SDG). It can be concluded that in the scenarios for climate
change mitigation, most of the final energy (about 23%) will be obtained from renewable sources,
unlike the WOM scenario where their share is about 17% in 2025, 15% in 2030 and 13% in 2035.
Another indicator is the energy intensity, expressed as the ratio between the total primary energy and
GDP, which reflects the degree to which the economy of a country has managed to separate energy
consumption from economic growth. Macedonia is a country with high energy intensity (about 0.4
kgoe/€ in 2015), nearly four times the average of the European developed countries (about 0.1 kgoe/€
in 2015). In the WOM scenario, although there is a downward trend in energy intensity, it remains
high and in 2035 it is 3 times higher than the EU average in 2015. In the mitigation scenarios there is
a decreasing trend of energy intensity and it approaches the EU average. Thus, in the WAM scenario,
this indicator reaches a value that is 80% higher than the EU average, i.e. it is at the level of Slovenia
in 2013.

Table 58. UN indicators for sustainable development (SDG)

WOM WEM WAM
‘ 2025 2030 2035 2025 2030 2035 2025 2030 2035

Proportion of population with
access to electricity

‘ 100% 100% 100% 100% 100%  100% 100%  100%  100%

Renewable energy share in the 4 ¢ a0 qu g0 134%  231%  231% 233%  235% 22.8% 24
total final energy consumption %
Energy intensity measured in

terms of primary energy and 0.32 0.29 0.33 0.29 025 022 027 024 018

GDP (kgoe/ €)

Figure 45 shows historical overview of GHG emissions from 1990 (from the Energy sector) according
to the national inventory, and a comparison of the emission projections according to the three
considered scenarios, expressed through an index relative to 1990. As it can be seen in Figure 45, in
2015, Macedonia has an increase of about 25% compared to 2014. This is due to the fact that from
2015 to 2035 in the greenhouse gases emissions for Macedonia emission from electricity import are
also included for the reasons explained in the chapter "Reference scenario" section "Emission factor
of imported electricity". Additionally, if measures are not taken, according to the WOM scenario, the
emissions would increase by as much as 90%. With the implementation of the proposed mitigation
measures in the Mitigation scenario, the emission growth will be reduced and compared to 1990,
emissions would increase by about 21%. If the measures from the Higher ambition mitigation scenario
are implemented, then there is a reduction in greenhouse gas emissions by around 10% in 2035

compared to 1990 greenhouse gas emissions.
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Figure 45. Comparison of the historical GHG emissions and the emission in the Reference, Mitigation and Higher ambition mitigation scenarios,
1990=100 (in %)

Analyzing the GHG emissions from the Energy sector only, in the WOM scenario, the emissions in
2030 would amount to 16,035 Gg CO»-eq, which means an increase of 70% compared to 1990, i.e.
71% compared to 2005 (Figure 46). According to the WEM scenario, the emissions from the energy
sector would be reduced by 25%. If additional measures are applied (WAM scenario) then the
reduction would be 29%.
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Figure 46. Comparison of GHG emissions from the Energy sector in 1990 and 2005 with the emissions in 2030 in WOM, WEM and
WAM scenarios (in Gg COz-eq)



6.3.3 Comparison with the goals from the Macedonian Intended Nationally Determined
Contributions (INDC) and the Macedonian First Biennial Update Report (FBUR)

The results obtained from the analyses made in this study cannot be immediately compared to the
goals defined in the Macedonian Intended Nationally Determined Contributions (INDC), for several

reasons:

P In addition to CO; emissions in this study CH4 and N>O emissions are also calculated, which
were not included in the FBUR document nor in the INDC document

» An emission factor for electricity import was assigned in this study

P> As a result of the changes made in the modeling, changes in the input data (energy prices,
GDP growth, population growth, etc.) the WOM scenarios in these three documents (SBUR,
INDC, FBUR) are different (Figure 47).
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Figure 47. Comparison of the Reference Scenario from INDC and FBUR with the Reference Scenario from the Second Biennial Climate
Change Report (SBUR) (in Gg COx-eq)

If we want to make realistic comparison with the goals of the INDC and FBUR, then it is necessary
to make a selection of CO, emissions only, from this study and to exclude the emissions from the
imported electricity. Additionally, in order to compare the reduction of the different scenarios, it is
best to make a comparison with the INDC WOM scenario. The comparison results are shown in

Figure 48, and it can be concluded that:

» In 2030, the WEM scenario and the WAM scenario defined in this study are more ambitious
than the mitigation scenarios defined in the INDC,

» The WEM scenatio reduces emissions by 34% (30% in INDC) compared to the INDC WOM
scenario in 2030,

» The WAM scenario reduces emissions by 37% (36% in INDC) compared to the INDC WOM

scenario in 2030.
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Figure 48. Comparison of the SBUR, INDC and FBUR, Mitigation and the Higher ambitious scenarios from the Energy sector with the
INDC Reference scenario, 2030 (in Gg COz-eq)

6.3.4 Greenhouse gas emissions per capita

At the level of the European Union there is another indicator that monitors the trend of greenhouse
gas emissions from almost all sectors, which is the indicator of greenhouse gas emissions per capita
(tCO2-eq/capita). In calculating this indicator, emissions from Forestry and Other land use atre
excluded. In order to make a comparison of the development of Macedonia with the EU (28) and the
countries of Southeast Europe, from the total emissions of each scenario, the emissions from the
Forestry and Other land use sector are excluded and are divided by the forecasted population.
According to this indicator, Macedonia will have an upward trend in each of the three scenarios. The
value of this indicator in the WAM scenario increases by 16% in 2035. That means that every citizen
of Macedonia in 2035 will create 7.5 t CO»-eq, and in 2012 it created 6.5 t COz-eq. According to these
forecasts, in 2035, Macedonia will be somewhere between the EU (28) (8.75 t CO»-eq/capita) and
Hungary (6.25 t CO2-eq/capita) in 2015.
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Figure 49. GHG emissions per capita (t COs-eq per capita)

Regarding the total greenhouse gas emissions from all sectors together (Figure 50), it is obtained that:

» The emissions in the WEM scenatio in 2035 will be reduced by 25.2% compared to emissions

in the WOM scenatrio,
» The emissions in the WAM scenario in 2035 will be reduced by 27.8% compared to the

emissions in the WOM Scenatio.
25,000
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Figure 50. Comparison of total GHG emissions from all sectors in WOM, WEM and WAM scenarios, 2030 (in Gg COr-eq)
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/ Action plan

Table 59. Action plan for realization of the Scenario with existing measures - WEM

Policy/
measure

Competent entity for
realization

Type

Status

Indicati

ve
emissio

Source of ns
funding reductio
n (2030)

(Gg

COs-eq)

Specific
costs:
(2030)
€/t CO2-

eq)

Investments

(mil. €)

Green jobs

up to 2026-
2025 2030

2031-
2035

2030 2035

Reduction of
distribution losses

Large hydro power
Pplants

Small hydro power
Pplants

Solar power plants

» Electricity distribution
companies

» Heat distribution
companies

» Ministry of Economy,
Energy Agency

» JSC ELEM

» Ministry of
Environment and Physical
Planning

» Ministry of Economy,
Energy Agency

» Government of the
RM

» Energy Regulatory
Commission

» Ministry of
Environment and Physical
Planning

» Ministry of Economy,
Energy Agency

P Private investors

» Government of the
RM

» Energy Regulatory
Commission

» Ministry of Economy,
Energy Agency

» Private investors

Technical

Technical

Technical,
Regulatory

Technical,
Regulatory

Ongoing

Planned

Ongoing

Ongoing

Distribution
companies

JSC ELEM,
Public Private 514
Partnership

Private sector 229

Private sector 84

-1.4

107.0 36.8

300.5 238.5

108.2 44.1

15.9 39.0

76.6

613.6

24.1

31.6

142.0 146.4

676.1 237.5



Solar rooftop power
plants

Wind power plants

Biogas power

Pplants

Biomass power
plants (CHP
optional)

Central heating of
Bitola

Solar thermal
collectors

Labeling of electric
appliances and
equipment

» Government of the
RM

» Energy Regulatory
Commission

» Ministry of Economy,
Energy Agency

» JSC EVN Distribucija
» Electricity end-users
» Government of the
RM

» Energy Regulatory
Commission

» Ministry of Economy,
Energy Agency

» JSC ELEM

P Private investors

» Government of the
RM

» Energy Regulatory
Commission

» Ministry of Economy,
Energy Agency

P Private investors

» Government of the
RM

» Energy Regulatory
Commission

» Ministry of Economy,
Energy Agency

P Private investors

» Government of the
RM

» JSC ELEM

» Ministry of Economy,
Energy Agency

» Ministry of Economy,
Energy Agency
» Heat end-users

» Ministry of Economy,
Energy Agency

» Manufacturers and
vendors of household
appliances and equipment
» End-users

Technical,
Regulatory

Technical,
Regulatory

Technical,
Regulatory

Technical,
Regulatory

Technical

Technical

Regulatory

Planned

Ongoing

Ongoing

Ongoing

Planned

Ongoing

Ongoing

Private sector

JSC ELEM,
Private sector

Private sector

Private sector

JSC ELEM

Private sector

Private sector

88

456

65

90

36

83

202

-13.2

-0.9

20

-33

18.8

146.3

20.0

16.9

50.0

24.9

223

37.1

185.7

20.0

4.0

0.0

27.9

21.3

22.8

0.0

20.0

4.0

0.0

32.4

33.9

257.5

360.9

15.6

271

380.6

392.6

105.3

27.7

27.0

579.0

139.5

105.3

36.9

30.8

709.6



Public awareness
campaigns and
network of EE
info centers

Retrofitting of
existing residential
buildings

Retrofitting of
existing public
buildings

Retrofitting of
existing commercial
buildings

Construction of
new buildings

Lmprovement of the
street lighting in
the municipalities
Energy
management in
manufacturing
industries

Introduction of
efficient electric
70tors

Biofuels 5%

» Ministry of Economy,
Energy Agency

» Energy suppliers

» End-users

» Ministry of Economy,
Energy Agency

» Donors and financial
institutions

» Households

» Ministry of Economy,
Energy Agency

» Ministry of Finance

» Local self-government
P Public Utilities

» Donors and financial
institutions

» Ministry of Economy,
Energy Agency

» Ministry of Finance

» Commercial buildings
owners

» Ministry of Economy,
Energy Agency

» Donors and financial
institutions

» Investors (households)
» Local self-government
» Ministry of Economy,
Energy Agency

» Ministry of Economy,
Energy Agency
» Private companies

P Private companies
» Ministry of Economy,
Energy Agency

» Ministry of Economy,
Energy Agency
» End-users

Information

Technical,
Regulatory

Technical,
Regulatory

Technical,
Regulatory

Technical,
Regulatory

Technical

Regulatory,
Technical

Technical

Regulatory

Ongoing

Ongoing

Ongoing

Ongoing

Ongoing

Ongoing

Ongoing

Ongoing

Planned

Budget of the
RM

Private sector

Central
government,
local self-
government,

city of Skopje

Private sector

Private sector

Budget of the
local self-
governments

Private sector

Private sector

Private sector

893

284

296

127

101

86

150

117

221

-2

2

-32

-19

20

96.6

271.1

228.5

78.7

93.3

4.0

0.0

33.4

92.6

158.1

186.4

62.7

83.3

4.5

0.0

44.6

135.6

161.0

218.8

108.2

6.0

0.0

508.3

494.8

169.3

281.4

9.2

507.9

644.8

220.1

342.5

12.6

534.3

756.0

240.6

465.6

16.4



Increased use of the
railway

Renewing of the
national car fleet

Renewing of other
national road fleet

Increased use of
bicycles, walking
and introduction of
parking policy

Enteric
Sfermentation in
dairy cows

Manure
management in
dairy cows

Manure
management in
swine farms

» Government of the
RM

» Ministry of Transport
and Communication

» Ministry of Economy,
Energy Agency

» JSC Makedonski
zeleznici

» End-users

» Private companies

» Government of the
RM

» Ministry of Transport
and Communication

» Ministry of Economy,
Energy Agency

» End-users

» Government of the
RM

» Ministry of Transport
and Communication

» Ministry of Interior

» Ministry of Economy,
Energy Agency

P Private companies

» Ministry of Economy,
Energy Agency

» Local self-government
» End-users

» Ministry of
Agriculture, Forestry and
Water Economy

» Ministry of
Agriculture, Forestry and
Water Economy

» Ministry of
Agticulture, Forestry and
Water Economy

Technical,
Information

Regulatory,
Policy,
Information

Regulatoty,
Policy

Regulatory,
Technical,
Information

Planned

Ongoing

Ongoing

Ongoing

Ongoing

Ongoing

Ongoing

Budget of the
RM

Private sector

Private sector

Private sector

Private sector

Private sector

Private sector

20

139

65

5.7

2.1

0.4

-371

147

-100

-970

1.8

25.1

131.6

32.5

3,776.2

27.6

0.1

0.5

0.5

28.9

6,238.3

706.6

0.1

0.3

0.3

985.1

708.4

0.1

0.3

0.3




Decreasing the
number and
damaged are by
Jforest fires

Change of quality
of forests by
afforestation of
transitive forest
land

Conversion of land
use of field crops
above 15%
inclination

Contonr cultivation
of cropland on
inclined terrains
(5-15%)

Perennial grass in
orchard and
vineyards on

inclined terrains

(>5%)

Closure of the
existing landfills

P> PE , Makedonski
sumi“

» Ministry of
environment and physical
planning

» Ministry of Ongoing
Agriculture, Forestry and
Water Economy

» National parks

P Association of private
forest owners

» PE “Makedonski
sumi”

» Ministry of
environment and physical
planning

» Ministry of Ongoing
Agticulture, Forestry and
Water Economy

» National parks

P Association of private
forest owners

» Ministry of
Agticulture, Forestry and Planned
Water Economy

» Ministry of
Agriculture, Forestry and Planned
Water Economy

» Ministry of
Agticulture, Forestry and Planned
Water Economy

» Ministry of
environment and physical
planning

P Public utilities

Technical Planned

PE ,,
Makedonski
sumi
National
patks

PE ,,
Makedonski
sumi
National
parks

Private sector

Private sector

Private sector

Local self-
government
through
Public

1,189.2

167.3

5.8

28.0

8.5

275

0.8

14.9

1.9

6.2

9.0

225

0.7

0.5

0.5

20.5

5.0

12.5

0.4

0.3

0.3

5.0

12.5

0.4

0.3

0.3




Mechanical and
biological treatment
(MBT) in new
landfills with
composting

Selection of waste -

Dpaper

» Inter-municipal board
for waste management

» Ministry of
environment and physical
planning

» Public utilites

» Inter-municipal board
for waste management

» Ministry of
environment and physical
planning

P> Public utilities

» Inter-municipal board
for waste management

Technical

Technical

Planned

Ongoing

Utilities,
Public Private
Partnership,
Grants from
the EU

Local self-
government
through
Public
Utilities, 52 54
Public Private
Partnership,
Grants from
the EU

Local self-
government
through
Public
Utilities, 19 7
Public Private
Partnership,
Grants from
the EU

70.5




8 Addressing recommendations from the technical revision of the FBUR

Table 60. Identification of the extent to which the elements of information on mitigation actions are included in the first biennial update report of the Republic of Macedonia

Yes/ Comments on the extent of the Response to the comments

Decision Reporting requirements Partly /No  information provided

Decision For each mitigation action or groups of mitigation

2/CP.17, annex actions including, as approprtiate, those listed in

111, paragraph 12 document FCCC/AWGLCA/2011/INF.1,
developing country Parties shall provide the
following information to the extent possible:

(@) Name and description of the mitigation action, Partly Mitigation measures are In this BUR, all the required
including information on the nature of the action, described in section 4.3 and information for each
coverage (i.e. sectors and gases), quantitative goals annex 3 to the BUR. In mitigation measure is
and progress indicators some instances, information provided including: name

is missing on quantitative and description of the

goals or it is not explicitly ~ mitigation action,

stated. Progress indicators  information on the nature
associated with mitigation  of the action, coverage (i.e.
actions are not consistently  sectors and gases),
explained (e.g. they are quantitative goals and
missing for action 4.3.2, or  progress indicators
mitigation action 11 in

annex 1)

(b) Information on methodologies and assumptions:

e Methodologies Partly The tabular presentation of Both methodology for
mitigation actions in annex implementation of the
1 contains a field to describe mitigation measure and
methodologies to methodology for estimation
complement descriptions in  of the emission reduction
section 4.3. However, the are included in this BUR.
methodologies describe
steps envisaged, along with
enabling conditions to
implement actions, rather
than describing the
methodologies chosen to
estimate reductions

[3%)



Decision

Yes/

Reporting requirements Partly /No

Comments on the extent of the
information provided

Response to the comments

©

(d)

e Assumptions Partly

Objectives of the action and steps taken or
envisaged to achieve that action:

e Objectives of the action Yes

e Steps taken or envisaged to achieve that action Partly

Information on the progress of implementation of
the mitigation actions and the underlying steps taken
or envisaged, and the results achieved, such as
estimated outcomes (metrics depending on type of

Similar to methodologies
above, the tabular
presentation of mitigation
actions in annex 1 contains
a field on assumptions
describing enabling
conditions to implement
potential actions. Economic
assumptions related to
modelling individual
mitigation actions and
associated reductions are
described in section 4.3

A field within the tabular
format is not provided, but
objectives can be inferred
from the descriptions of
actions in section 4.3 and
annex 1

A field within the tabular
format provides this
information in annex 1, but
information is not
consistently provided across
the proposed or planned
mitigation actions in section
4.3 and annex 1. In addition,
information related to steps
taken or envisaged to
achieve actions is included
in the descriptions of the
methodologies section of
annex 1 for each action

In this BUR, the field
“Assumptions” includes the
assumptions related to the
modelling of the individual
mitigation measure.

A field “Main objective” of
the measure is included
within the tabular form in
this BUR.

Steps taken and steps
envisaged are provided in
the tabular representation of
each mitigation measure in
this BUR.
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Decision

Reporting requirements

Yes/
Partly / No

Comments on the extent of the Response to the comments

information provided

action) and estimated emission reductions, to the

extent possible:

e Progress of implementation of the mitigation
actions

e Underlying steps taken or envisaged

e Results achieved, such as estimated outcomes
(metrics depending on type of action) and
estimated emission reductions, to the extent
possible

Partly

Partly

Yes

Implementation status
(conceptual, planned,
adopted, etc.) can be
inferred through the
descriptions in section 4.3
and annex 1 tabular format
for most actions. However,
information on progress,
such as time frames for
implementation, is not
consistently or clearly
provided for all actions (e.g.
provided for actions 4.3.2
and 4.3.6, but not provided
for action 4.3.12; provided
generally for the WEM
scenario in annex 3)
Information is provided via
descriptions in the annex 1
tabular format, in addition
to this information being
included within the
methodology field in annex
1. In some instances, this
information is also provided
in descriptions within
section 4.3, but information
is not consistently or clearly
provided for all actions (e.g.
missing for some actions
such as actions 4.3.11 and
4.3.12 (mitigation actions 3
and 9))

The projected emission
reductions are provided for
each mitigation action in kt
COzeq in section 4.3 and

In this BUR, the
implementation status is
given in the Action plan
(provided in Section 7), and
the time frame for each
mitigation measure is given
in the tabular presentation
of the measures.

Steps taken and steps
envisaged are provided in
the tabular representation of
each mitigation measure in
this BUR.

For each mitigation
measure, the results
achieved (if the measure is
in progress) and envisioned



Yes/

Comments on the extent of the Response to the comments

Decision Reporting requirements Partly /No  information provided
annex 1. For mitigation are presented depending on
actions where the progress indicators.
implementation is under Additionally, for each
way, some interim results measure the estimated
are provided that are emission reduction is
consistent with progress provided for the years 2025,
indicators identified (e.g. 2030 and 2035.
action 3.3 or mitigation
action 13)

© Information on international market mechanisms Partly Section 2.3.1 indicates a Information on finantial
national CDM strategy. sources ate included in the

Some mitigation actions in
annex 1 include a field on
international market
mechanisms (e.g. mitigation
actions 35, 37 and 38)

Action plan (provided in
Section 7) for each
mitigation measure

Abbreviations: BUR = biennial update report, CDM = clean development mechanism, CO; eq = carbon dioxide equivalent, WEM = ‘with existing measures’
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9 Recommendations

» The main recommendation is the development of an integrated tool that will encompass all
sectors that will enable integrated modeling of all policies/measutes;

» Develop specific scenatio that will reflect the mitigation potential of the actions induced by

the private sector, in order to envision a mix of public and private actions that will ease

reduction of GHG emissions for up to 37% by 2035.

Develop a MARKAL model with the possibility of calculating local emissions;

vy

Updating the data in the MARKAL model in accordance with the revised energy balances;
» Upgrading the Industrial Processes and Product Use sector tool, developed as part of this
project, with the ability to model climate change mitigation measures;

P Visualization of the results for greater awareness of the citizens and politicians.



Appendix

Table 61. Key data sources

Data needed

Energy balance for 2012-2015

Fuel prices in the Republic of
Macedonia

Resouce potential incliuding, import
and export

Installed capacity and characteristics of
the excisting PPs and CHPs

Load curve

Drivers

Fuel price projections

GDP growth

Industrial production growth
Waste guantity

Livestock, forestry

EU and UN indicators

v

VYVY VVVVVVVVVVVVYY V VYV Y

Sources

Energy balances of the Republic of Macedonia (State Statistical Office,
Ministry of Economy)

Energy Regulatory Commission of the Republic of Macedonia (ERC)

Strategy for energy development in the Republic of Macedonia until 2030
Draft version of the Strategy for energy development in the Republic of
Macedonia until 2035

Strategy for utilization of renewable energy sources in the Republic of
Macedonia until 2020

Action plan for renewable energy sources

Action plan for energy efficiency

Strategy for the transport sector

Pre-assesmant economic program

The Third National Communication on Climate Change

First Biennial Update Report for Climate Change

Intended Nationally Determined Contributions

Annual report for 2012, 2013, 2014 from JSC ELEM (www.elem.com.mk)
Report from TE-TO JSC Skopje (www.te-to.com.mk)

Load curve for 2014 - JSC MEPSO (www.mepso.com.mk)

Population growth — UN

World Energy Outlook (WEO) 2014, 2015 - IEA

National Bank of the Republic of Macedonia, World Bank, State Statistical
Office

Industrial production growth — State Statistical Office

Annual statistics, communal waste — State Statistical Office

Annual statistics — State Statistical Office

EUROSTAT database


http://www.elem.com.mk/
http://www.te-to.com.mk/
http://www.mepso.com.mk/

Table 62. Comparison of the measures/ policies of the Second Biennial Update Report on Climate Change with the measures from the Intended Nationally Determined Contributions and the First Biennial
Update Report on Climate Change

10

11
12

Second Biennial Update Report on

Climate Change

Reduction of distribution losses
Large hydro power plants

Small hydro power plants
Solar power plants

Solar rooftop power plants
Wind power plants

Biogas power plants

Biomass power plants (CHP optional)

Central heating of Bitola

Natural gas power plants (CHP)

Solatr thermal collectors

Labeling of electric appliances and equipment

Contributions

Energy
Energy Industries

Reduction of distribution losses
Large hydro power plants

Small hydro power plants

Solar power plants

Wind power plants

Biogas power plants

Biomass combined heat and power plants

Central heating of Bitola

More natural gas power plants

Geothermal power plants

Intended Nationally Determined

First Biennial Update Report on Climate
Change

Distribution losses reduction
Increased utilization of renewable energy sources
Higher number of preferential producers

Increased utilization of renewable energy sources/
Higher number of preferential producers

Increased utilization of renewable energy sources/
Higher number of preferential producers

Electricity import (market)

Introduction of CO; tax and electricity import
(market)

Residential, Non-Specified (commercial and service sector)

Solar thermal collectors

. Labeling of appliances

Higher penetration of solar collectors

Labeling of appliances



13

14

16

17

18
19
20

21

22
23

24

25

26

27

28
29

Phasing out of resistive heating devices and inclusion
of more heat pumps

Public awareness campaigns and network of EE info
centers

Retrofitting of existing residential buildings
Retrofitting of existing public buildings

Retrofitting of existing commercial buildings

Construction of new buildings

Construction of passive buildings
Phasing out of incandescent lights

Improvement of the street lighting in the
municipalities
“Green procurements”

Gasification (residential and commercial and public
sector)

Increased use of central heating systems

Utilization of the district heating system for sanitary
hot water combined with solat collectors

Energy management in manufacturing industties

Introduction of efficient electric motors

Biofuels 5%
Biofuels 10%

Phasing out resistive heating devices Phasing out of resistive heating devices

Public awareness campaigns and EE info centers Public awareness campaigns, EE info centers

Retrofitting of buildings Rulebook on energy performance of buildings

Construction of new buildings

Construction of passive buildings

Phasing out incandescent light bulbs Phasing out of incandescent light bulbs

Gasification of households and of the commetcial
sector

Manufacturing Industries and Construction

Transport
Biofuels 5% Biofuels — delay until 2025
Biofuels 10% 10% Biofuels



30

31

32

33

34

35

36

37

38

39

40

41

42

43

Increased use of the railway
Renewing of the national car fleet
Renewing of other national road fleet

Increased use of bicycles, walking and introduction of

parking policy

Construction of the railway to Republic of Bulgaria

Electrification of the transport

Enteric fermentation in dairy cows
Manure management in dairy cows

Manure management in swine farms

Decreasing the number and damaged area by forest
fires

Change of quality of forests by afforestation of
transitive forest land

Conversion of land use of field crops above 15%
inclination
Contour cultivation of cropland on inclined terrains

(5-15%)

Perennial grass in orchard and vineyards on inclined
terrains (>5%)

Increased use of the railway

Renewing the car fleet

Increased use of bicycles, walking and introduction of

parking policy

Railway to Bulgaria

Electrification of transport

Agriculture, Forestry and Other Land Use

Waste

Increased use of railway

Renewal of the vehicle fleet

Increased use of bicycles, walking and introduction of

parking policy
Extension of railway to Bulgaria

Improving vehicle efficiency, tax exemption for
hybrid and electric vehicles



Closure of the existing landfills

Mechanical and biological treatment (MBT) in new
landfills with composting

Selection of waste - paper
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Table 63. Marks of the proposed measures/ policies and for the Reference scenario given by the steakhbolders that participated on the Worfkshop

held in MASA on 13.4.2017

Mitigation measure/policy

Average mark (from 1 to 5, where 1
means not agree with the proposed
measure and 5 means totally agree

with the proposed measure)

Energy
Energy industries
Construction of solar power plants (including rooftop power plants)
Installation of solar thermal collectors

Reduction of distribution losses
Introduction of new ways of subsidizing production from renewable sources

Construction of wind power plants

Construction of waste power plants

Construction of biogas power plants

Construction of biomass power plants (with CHP option)
Construction of natural gas power plants (CHP)

Construction of small hydro power plants (180 MW until 2035)

Construction of system for central heating of Bitola

Construction of large hydro power plants (Boskov most, Lukovo pole, Gradec,
Spilje revitalization, Veles, Globocica I1, Tunnel 1 ardar-Kozjak, Cebren)

Introduction of carbon price

4.65
4.65

4.62

4.62

4.54
4.50
442
442
4.15
412

3.96

3.88

3.58

Residential, Non-Specified (commercial and service sector)

Construction of new buildings (according to the the Rulebook on Energy
Performance of Buildings and Directive 2010/31/EU)

Labeling of electric appliances and equipment

Increased use of central heating systems

Penetration of "white" devices with greater efficiency class
Tmprovement of the sreet lighting in the nmunicipalities
Energy management in the commercial sector

Encouraging the replacement of windows in residential sector

Utilization of the district heating system for sanitary hot water combined with
solar collectors

Retrofitting of existing residential butldings

Inclusion of more heat pumps

4.61

457
456
454
454
446

4.39

4.38

4.32

4.31
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Retrofitting of existing public buildings 4,29

Gassification (residential and commercial sector) 4.26
Retrofitting of existing commercial buildings 4.21
\Green procurements 4.19
Use of more efficient biomass stoves (including pellets) 4.15
Public awareness campaigns and networks of EE info centers 4.15
Utilizing waste biomass in schools 4.07
Phasing ont of resistive heating devices 3.96
Phasing ont of incandescent lights 3.93

Manufacturing Industries and Construction

Energy management 4.86
Utilizing waste heat 4.79
Gasification 4.61
Transport
Increased use of bicycles, walking and introduction of parking policy 4.56
Increased use of the railway 4.44
Electrification of the transport 4.39
Procurement of vebicles in accordance with the criteria for "green" procurement 4.36
Renewing of the national fleet 4.26
Railway to Republic of Bulgaria 4.15
Introduction of 5% biofuels 3.68
Introduction of 10% biofuels 3.56

Agriculture, Forestry and Other Land Use
Changing the quality of forests with afforestation of the transitional forest land 4.60
Reducing the number and areas damaged from forest fires 4.54

Reduction of CHy emissions from fermentation of dairy cows by 3% 4.46
Reduction of N>O emissions from fertilizer management of dairy cows by 20% 4.46
Reduction of N>O emissions from fertilizer management of swines by 13% 4.42
Perennial grass in orchard and vineyards on inclined terrains (>5%) 4.08

Conversion of land use of field crops above 15% inclination 4.04




Contur cultivation of cropland on inclined terrains (5-15%)

Waste
Prevent uncontrolled burning of waste
Construction of new regional landfills
Selecting waste and recycling
Rebabilitation of existing landjills

Construction of wastewater treatment plants
Construction of systems for methane collection and its controlled contbustion

Construction of waste composting systems
Reference scenario

Do you agree with the proposed reference scenario?

3.96

4.89
478
4.77
4.60

4.60

4.56

4.26

4.19




SanucHUK

OA pabDOTHAHHMIIATA 34 ITpe3eHTaruja Ha PedpepeHTHOTO CrieHapHo 32 eMHUCHT
HA CTAKACHIYIKH IACOBU U MOKHHUTE MEPKH 32 YOAQKYBAE HA CMUCHHTE,

13.4.2017 roamna, MakeAOHCKA aKaA€MH]a HA HAYKUTE U YMETHOCTHTE

Bo pamkure Ha mpoekToT ,,BTOp ABOrOAmINIEH M3BEIITA] 32 KAUMATCKH IpoMeHH , ToaApkaH oA GEF
n UNDP, na 13.4.2017 roamna BOo mpocropumre Ha MaKeAOHCKaTa aKaAGMHUja Ha HAYKHTE H
ymernocrure (MAHY) ce oapika pabormanmIa 32 mpesdeHTanuja Ha pedepeHTHOTO CLIEHAPHO 32
CMUCHH Ha CTAKACHHYKHM TACOBH U MOKHHTE MEPKH 33 yOAaKyBarbe Ha emucHHTe. BOo OBaa
PabOTHAHHIIA YIECTBO 3€Mad OKOAY IEACCETHHA YNHUTEAN OA PEACBAHTHU MHCTHTYIIHH BO 3€MjaTa.
UuaureAnTe MMaa IIPUAMKA Ad CE 3aII03HAAT CO PedEepeHTHOTO CIEHAPHO M MEPKHTE H IIPEKY
AHCKyCHja U IIOIIOAHYBAEbE HA IIPAIIAAHUK AAd IIPHAOHECAT 3a HUBHO ITIOAOOPYBarbe, IPOMECHYBAHE

A HOTBpAYBaI—bC.

Bo BoBeaHHOT AeA cBom OOpakama mmaa akaA. Lamrop Kamesue oa MAHVY u aA-p Teoaopa

Ob6pasosuk I'paaaposcka oA MUHHICTEPCTBOTO 32 ;KUBOTHA CPEAMHA H IIPOCTOPHO ITAAHUPATbE.

[IpBuoT AcA OA PAOOTHAHMIIATA IO 3aII0OYHA PAKOBOAUTEAOT Ha IIPOEKTOT, [TaBAnHa 3ApaBeBa, Koja
ja IIpHKa’ka MOMEHTAAHATA COCTO]OA CO EMUCHUTE HA CTAKACHUYKU I'AaCOBU U KAUMATCKUTE IIPOMEHH
BO cBetcku pamku. [Tonaramy, M-p Aaexcaraap Aeanrerr oa MerpayBauknoT IieHTap 32 €HEPreTHKa
1 oAp#AuB passoj upu MAHY ru 3arrosna npucyrauTe cO N3MEHHTE HAIIPABEHH BO MOAEAHPAIHETO
I BAEG3HUTE IIOAATOIIM BO OAHOC HA IIPETXOAHHTE aHAAM3H. BoeAHO ro mpesenTHparIie
pedepeHTHOTO CIIEHAPHUO 3a E€MUCHH HA CTakAeHmIkn racoBu A0 2035 roamna, ondpakajkm ru

TIPOCKINHUTE HA BKYITHUTC CMHUCHN 1T EMHUCHUTC ITO ITIOCAMHCIHUTC CECKTOPH.

[Tocae 3aBpIIyBameToO Ha IIPE3EHTAITH]ATa CACAEIIIE PacIIpaBa 3a pedpepeHTHOTO crieHapuo. I'aaBHaTa
3a0EACIITKA OA YMHUTECAHNTE OCIIe HICKATA 3aCTAIIEHOCT Ha OOHOBAMBHTE H3BOPH Ha cHepruja. Kako
OATOBOP Ha OBaa 3a0eAeIKa Oerrre 00jaCHETO A€Ka 3TOAEMEHHOT IIPOAOP Ha OOHOBAMBH U3BOPH HA
CHEPIHUja € AEA OA MEPKHTE 32 YOAQKYBAIbE CO IIOMOII Ha KOH I10 3aBPIIYBABETO HA PAOOTHAHUIIATA
Ke ce m3paboTaT CIeHAPH]ja 32 YOAAKYBAKbE, AOACKA PePEPEHTHOTO CIEHAPUO HE IIPEABHAYBA MEPKI
3a yoAakyBambe. Vcro Taka, Oerre mocraBeHO M mparame OkoAy Harmonaanwre mpumaomecn 3a
kanmatckn tpomenn (INDC) n meproAoT Ha HUBHO peBHAMpParbe. 32 IPBIAT ITO IIOAHECYBAETO HA
INDC Bo 2015 roauna, crieHapujaTa Ke ce peBHARPAAT BO CKAOI Ha BTOPHOT ABOrOANIIIEH H3BEIIITa]

32 KAIMATCKH HpOMCHI/I, IITO Ke 6I/IAC HpaKCﬁ " BO CCKOj HapCACH ABOTOAHMIIICH I/ISBCH_ITaj.

Bo caeaHmor aea oA pabormaHHIIATA, O€a IPE3ECHTUPAHH MOKHHATE MEPKH 33 YOAQKYBAEbE Ha
EMUCHHTE HA CTAKACHUYKH TACOBH IIO OAACAHH cekropu. BkymHo Oea mpercraBenn 58 mepku 3a
yoaaxysame. Bo cexropor Enepreruka (BKAy4dyBajku cHAOAYBaEbE CO CHEPIHUja, 3TPAAU - AOMAKHIHCTBA,
KOMEPIIHJAACH U YCAYMKEH CEKTOpP, IIPOU3BOAHU HMHAYCTPHH K IPAACKHUIITBO H TPAHCIIOPT) Oea
IIPEAAOKEHH 43 MEpPKH, BO CEKTOPOT 3E€MjOAECACTBO, ITYMAPCTBO M KOPHCTEHHE HA 3EMJUIITETO - 8

MepKH 1 BO cekTopoT Otmaa - 7 Mepkn. Cure OBHE MEPKH ITOTEKHYBAAT OA CTPATEIITKH AOKYMEHTH Ha
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Ap7KaBaTa, HO U Pa3BOJHU IIAAHOBH HA KoMmaHunTe. [locae mpercraByBameTo Ha MEPKUTE 32 CEKOJ OA

CEKTOPHTE CACAEIIIE AUCKYCH]a 32 CEKTOPHUTE M COOABETHHTE MEPKH.

Bo cexropot 3eMjOoAEACTBO, IIYMAPCTBO U KOPHUCTECHE HA 3EMJHIITETO, Oerre 0OpasAOKEeHA MEPKATA
3a yOAQKyBaFbC HA CMHCHHTC HA CTAKACHHYKH TACOBH KOja IIPEABHAYBA PEIYAHPAIbE HAN
HHAyCTpHjaAn3ariuja Ha dapmuTe, IIPH IMTO OM Ce HAMAAMAC EMHCHHTE IIOPAAM IIPOMEHA Ha
HCXpaHATa HAa AOOHMTOKOT, 2 CO 3rOAEMYBambe Ha OpPOjOT Ha peryAupanu papmu 61 ce IPOMEHHUA K

HAYMHOT Ha YIIPaBYBambe CO apCKOTO Iyope.

[Tonaramy, 6ea AucKyTHpaHt MepKuTe 32 cekropoTr Otiraa. Bo TekoT Ha AuCKycHjaTa Oerrre ucTaKHaTa
TOTpebaTa OA ITOAATOITH 33 IIPEUNCTUTEAHN CTAHNIIN, HAa IPUMEP 32 OPOJOT Ha ITOCTOJHI CTAHUITH K
CTAaHHIIA BO M3rPaAda, KAaKO U 32 OAPEACHH MHAYCTPHCKH IIOCTPOJKH KOM BEKe MMAaT MHCTAAHUPAHO
corrcTBeHu npednctureAnn cranuiu. OcBeH Toa, Oelrre IOCBETeHO BHIMAHHE U Ha KOMITOCTHPAbETO
1 HEroBHOT epeKT Bp3 HaMaAyBameTo Ha emucunre. Ha kpajor, Oerrre 3aKAydeHo Aeka aHaepOOHATA
AUTECTH]a U TPETMAHOT Ha OTIIAAOT UMAaT HajTOAEM IIOTEHIIH]aA 32 HAMAAYBAIbE HA EMHCHHTE OA OBO]

CCKTOp.

3a cexropor Enepreruxa Oerre IpeAAOKEHO Ad CE HAIIPABH KOopeAaraja co AUpeKTHBaTa 32 TOAEMU
IIOCTPOJKH 34 COTOPYBakbe, IIPU IIITO Oerrre 00jaCHETO ACKA MCTATa € MHAMPEKTHO BKAYYEHA ITPEKY
PasBOjHHTE ITAAHOBH Ha KommaHunte. Vlcto Taka, Oerrre AUCKyTHpaHa MEPKATa CO KOja Ce IIPEABHAYBA
BOBEAYBAIHLE Ha IIEHA HA JalAEPOA, 33 Koja OeIlie AOODJaCHETO AEKA Ce OAHECYBA Ha TPIYBALETO CO
jaraepoann emucun. Bo oaroc Ha Mepkara 3a racudpHKaIiija Ha AOMAKHHCTBATA, CE BOACIIIE PacIIpaBa
OKOAY AOMAaKHHCTBAaTa KOU MMAaT IIPUCTAII AO TOIAUMHUKAIIMOHA MPEKa U HUBHOTO oIaKkame BO
amaamnsara 3a racuduxaruja. CIiopeA YMHITEARTE, IIOCTOJaT IPOTUBPEIHOCTH IIOMEFY CTPATEINKUTE
AOKYMEHTH 32 TaCU(PUKAITHja U Pa3BOJHUTE IIAAHOBH Ha KoMIanuute 3a Tonaudukarmja. [Tokpaj Toa,
BO TPAHCIIOPTOT KAaKO A€A OA cekropor Hmeprermka, Oerre 0OpasA0OKEHO A€Ka CO MepKaTa 3a
eAeKTpuUKAIF]a HAa TPAHCIOPTOT CE 3€MEHH IIPEABHUA H jaBHUOT TPAHCIIOPT M MHAUBHAYAAHHTE

BO3HMAAQ.

Bo aeaor Ha mHAyCTpHCKH IpoIecH, Oerre mpeAAoKeHO Aa ce 3emaT upeABuA IPPC ao3Boanre xon
ce 3aKOHCKa OOBpCKa Ha KommaHumre. Kako mpumep 3a HM3BOp HA IIOAATOIM OE€Ile IIOCOYEH

TIPAITaAHHUKOT IITO Ap}KaBHI/IOT 3AaBOA 34 CTATUCTHKA I'O I/ICHpaI,(a AO MHAYCTPHUCKHUTC KOMITAHMH.

3a MepkuTe BO IleAMHA OeIle KOMEHTHPAHO ACKA TPeOa Aa CE HAIIPABH CITOPEADA CO MEPKHTE OA
[IpBHOT ABOTOAMIIIEH H3BEINTAa] M A4 CE OAPEAH KOAKY OA HHUB CE HMIIAGMEHTHPAHU M KOAKY
M3HECYBAAT 3AITEANTE OA HCTHTE. AOIIOAHUTEAHO, OeIre KOMEHTHPAHO AEKAa MEPKHTE Tpeba Aa ce
IIOACAAT Ha TEXHHYKU U ACTHCAATHBHH (MeKH) MepKu. AaAeHHI Oea U APYIU IIPEAAO3H 32 MEPKH KAKO
IITO € TpaHCEPOT Ha TEXHOAOTUU, HO U APYTH AOKYMEHTH KOU MOKAT Ad IIOCAY/KAT KAKO H3BOPH Ha
MepKH, Kako mto e CrpaTternjara 3a OAPKAHBO YIIPABYBAKE CO IITYMUTE U ACCETTOAUIITHUTE ITAQHOBH

BO IITyMapCTBOTO.



Bo Tekor Ha pabOTHAHHUIIATA YMHUTEAHTE MMAd MOKHOCT Ad ITOIIOAHYBAAT IIPAITAAHHK U Ad T'H
OIIEHYBAaT MEPKUTE U pedPepPEHTHOTO CIIEHAPHO (CO oreHn oA 1 A0 5), HO M Aa OCTaBaaT KOMEHTApH
I Aa Ipeasaraat Apyrn mepkw. AoOmerure 28 MIOIIOAHETH IPHUMEPOLH OA IMPAITAAHHKOT Oea

00pabOTEHN TI0 3aBPINYBABETO HA PAOOTHAHHIIATA.

PesyaTaTnte OA TPAIIAAHHKOT ITOKAKYBAAT ACKA UHHHUTEAUTE TO OIEHHAC IIPETCTABCHOTO
pedepenTHo crienapuo co mpoceuna oneHa 4,19, AOAeka IPEAAOKEHHTE MEPKU TH OIIEHHAE CO
rnpoceuna oneHa 4,35. Bps ocHoBa Ha AOOMEHHTE PE3YATATH OA IHPAIIAAHUIIUTE HAIIPABEHO €
paHruparbe Ha MEPKUTE CIIOPEA IIPOCEYHATA OLEHA Ha CEKOja OA HHUB (BO TaOEAATa OA IIPHAOTOT HA

KPajOT OA 3AIIICHHUKOT).

[IIto ce oAHecyBa AO KOMEHTapHTE M IIPEAAO3UTE BO OAHOC Ha PedepPEeHTHOTO CIEHAPHO
(Bepudpukarimja u BaAuAanmja Ha rporaosarta 3a bAIT u morporrypaukaTa Ha pHHAAHA €HEPrUja BO
2035 roamHa, HAMAAYBAKE HA YBO3HATA 3aBUCHOCT U AP.) M BO OAHOC HA APYTH IIPEAAO3H 32 MEPKH
(crpoBeAyBame Ha AMPEKTHBATA 32 HHAYCTPHja, BOBEAYBAIbE HA ,,HET METCPUHI U Ap.), HCTUTE Ke

6I/IAaT 3CMCHH HpCABI/IA BO ITIOHATAMOIITHATA aHAAM3A.

Bo caeanmre yekopw, 3a cekoja Mepka Ke ce YIBPAHM HEJ3UHUOT IIPUAOHEC KOH HAMAAYBAILETO Ha
EMUCHHTE, TPOIIOIHTE 32 OCTBAPYBAIbE HA UCTATA M HHAUKATOPOT CO KOj CE€ MEPH TOA OCTBAPYBAILE.
[Toroa, ke ce HAIIpaBU MyATH-KPHTEPHJAAHO PAHIMPAIbe HA MEPKUTE, C& AO KOHEYHHOT u3bOp Ha
MEPKH KOU K€ Ceé KOPUCTAT BO CIleHapujaTa 3a yoraxyBame. OTKako Ke ce u3padoTaT CleHapHujaTa 3a
yoAaxyBame (peky moaeampambe Bo MARKAL), mcrure ke ce cropeaar co pedepeHTHOTO

CHCHapI/IO, CO IIEA Aa CE€ BOOYH CCpCKTOT OA Y6Aa)KYBaH>CTO.
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