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4, GHG EMISSION PROJECTIONS AND MITIGATION
POLICIES AND MEASURES

In this Strategy, two scenarios for climate change mitigation were developed. One is a scenario that
assumes transition using existing policies and measures (WEM), and the other considers a more radical
transition using additional policies and measures (WAM). Having in mind that in 2019-2020 few documents
in the field of Energy and Climate Change were prepared and adopted, these two scenarios are in
accordance with the scenarios developed as part of the Strategy for Energy Development up to 2040
(adopted by the Government in 2019), 3™ Biennial Update Report on Climate Change (TBUR) - Mitigation
report - 2020 and the final draft version of the National Energy and Climate Plan — 2020 (Table 1). In
addition, the measures proposed in these documents are also applied in this Long-term Strategy on
Climate Action (Strategy).

The scenarios developed in this Strategy, unlike the scenarios in all the previously mentioned documents,
additionally consider the period 2040-2050. The main objective, key assumptions and a brief description
of the mitigation policies and measures considered in each of the scenarios is presented in Table 2. It
should be underlined that in the IPPU sector there are no measures considered, while in the AFOLU and
Waste sectors the same measures apply for both WEM and WAM scenarios. Detailed description of the
policies and measures is given in Appendix C.

Table 1. Correlation of scenarios in this Strategy with scenarios in other documents

. WEm WAM

Strategy for Energy Development (only Energy Reference Green

sector)
3rd Biennial Update Report on Climate Change WEM e-WAM
National Energy and Climate Plan WEM WAM
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Table 2. General objective, assumptions and mitigation policies and measures assumed in WEM and WAM
scenarios

Assumptions

Mitigation measures

<@ General vision

Main
B demand

drivers

Prices
(B} Energy

leg 1PPU

¢y AFoLu

E Waste

GDP

Population

Fuel prices

CO, tax
introduced in
(average up to
2050)

Power
generation

Industry

Transport

Households

Commercial and

services

Agriculture
(Livestock)

Forestry

Other land use

WEM

Transition based on current policies

WAM

Transition based on enhanced policies

Average annual growth rate of 3.3%

Decline by 0.3% in 2050 compared to 2017

Based on ‘Current Policy’ scenario of WEO
2017

2027
(~35 €/tCO2-eq)

Modernization of lignite TPP, intensified
RES generation

Energy management, introduction of
efficient motors (IE3, IE4), introduction of
more advanced technologies

Electrification of the transport sector, higher
penetration of biodiesel and CNG,
advanced mobility

Penetration of EE and RES (solar thermal
collectors, heat pumps, modern biomass
stoves) technologies, improvement of
building performance, more CFL and LED
lighting

Similar as for households (WEM) + 70% of
street lighting LED, green procurement

Based on ‘Sustainable development’
scenario of WEO 2017

2023
(~110 €/tCO,-€q)

Further intensified RES generation

Energy management, introduction of more
efficient motors (IE4, IE5), higher rate of
introduction of more advanced
technologies (electrification of the industry,
replacement of coal with natural gas and
biomass)

Further electrification of the transport,
deployment of hydrogen for HDV, higher
penetration of biodiesel and CNG,
advanced mobility

Higher penetration of EE and RES (solar
thermal collectors, heat pumps, modern
biomass stoves) technologies, higher rate
of building performance improvement,
construction of passive houses, LED
lighting

Similar as for households (WAM) + 100%
of street lighting LED, enhanced green
procurement

No existing or additional measures assumed (simple regression model applied)

Enteric fermentation in dairy cows, manure
management in dairy cows, swine farms

Integrated management of forest fires,
afforestation

Conversion of land use of field crops above
15% inclination, contour cultivation,
Perennial grass on inclined terrains (5%-
15%), use of biochar

Opening of regional landfills (mechanical
and biological treatment, flaring), selection
of paper, improved waste and materials
management at industrial facilities

Note: Detailed description of the measures is given in appendix

The summary of the obtained results for 2050 shows that the total net GHG emissions are projected to be
reduced by 23% in the WEM scenario and 72% in the WAM scenario, compared to the 1990 level (Table

Same as WEM

Same as WEM

Same as WEM

Same as WEM

3). Having in mind that most of the emissions are coming from the Energy sector, the reduction of 72% in

the total net GHG emissions can be achieved if the emissions in the Energy sector are reduced by 64% in
2050, compared to 1990 level. At the same time, GHG removals play an important role, especially towards
the EU vision of carbon neutrality, and in Republic of North Macedonia it is projected that the removals will
increase 18 times compared to the 1990 level. Although this increase looks drastic, it should be noted that
according to the Greenhouse Gas Inventory (TBUR) compared to 2016, these removals represent an

increase of only 17% in 2050.
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As previously explained, in the IPPU sector, no measures are proposed, and only simple regression model
is used, which leads to an increase of the GHG emissions by 153% in 2050 compared to 1990. Therefore,
if this sector is excluded from the total net GHG emissions, the total reductions reach 90% in 2050
compared to the 1990 level in the WAM scenario.

For the realization of the WEM scenario 19 Bill. EUR are needed, while for the WAM scenario additional
16 Bill. EUR are needed, as investments. However, the total system costs in the WAM scenario are lower
compared to the WEM scenario; for example, in the Energy sector the total system costs are lower for 16
Bill. EUR in the period 2020-2050.

Table 3. Summary of the results of the scenarios in the Strategy (2050)

WEM WAM
&) Total GHG net emissions (compared to 1990) -23% -712%
@/ Z)c(;(t:lallJ ﬁ;ﬂﬁ Fr:sb eglstsg?ns (compared to 1990) -38% -90%
(=} Energy 2% -64%
leg 1PPU +153% +153%
P Agriculture -34% -34%
A  FoLU (removals) x18 x18
W waste -2% -2%
€E Investments (Bill. EUR) — 2020-2050 19 35
@ Total system costs — Energy (Bill. EUR) — 2020- 137 121

2050

The rest of this chapter explains in detail the key assumptions and the results by sectors, which lead to
these total GHG emission reduction results.

4.1 Key drivers

Given that there are certain input parameters used in most of the sectors (Energy, IPPU and Waste), and
have a significant impact on the projections, especially for energy needs (useful energy), these parameters
are referred to as key drivers.

One of the key drivers for projections of the GHG emissions is the GDP growth. Using the same drivers as
in the National Energy Development Strategy, the projection over the period 2018 - 2050 is that the real
GDP will grow with an average rate of 3.3% (Figure 3). Such a GDP growth rate could position a developing
country as Republic of North Macedonia in 2050 closer to the levels of GDP per capita that are common
for developed Central and Eastern European countries today.
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Figure 3. GDP historical values and projections

Population growth is the other key driver, which is the same as in the National Energy Development
Strategy, i.e. it is based on the UN population estimates and projections. The population is expected to
decline by 0.3% in 2050 compared to 2017 (Figure 4).
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Figure 4. Population historical values and projections
4.2 Energy system in transition

4.2.1 Key assumptions

In addition to key drivers, the Energy sector uses a number of other inputs, on which energy demand
projections depend. The main input data and assumptions for the Households, Commercial and Services,
Industry and Transport sector are given below in this section.

Households, Commercial and Services sector

For calculating the useful energy demand projections in the households, besides the key drivers, a number
of other parameters are used. Number of persons in a household is one of them, which is projected to
decline from 3.7 in 2017 to around 3 in 2050 (Figure 5). This decreasing of the number of persons per
households is based on the average number at EU level (which is 2.4 in 2019), and the fact that none of
the Member State has more than three persons per households in 2019. According to this number and the
projected population, the number of households is estimated to around 635,000 in 2050. Based on the
Household Survey conducted by the State Statistical Office in 2014, the distribution per type of households
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is 42% apartments, 31% urban single houses and 27% rural single houses. In order to reduce the number
of assumptions and uncertainties the same distribution is applied during the whole period.
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Figure 5. Number of persons per household, number of households, distribution of household types

For projecting the useful demand for heating and cooling, the size of the households is important which is
projected to reach 100 m? for single houses and 80 m? for apartments in 2050 (Figure 5). The assumption
for household size growth follows S curve, which has growth until 2035 when it reaches the average level
of EU countries (in 2012). The size of the urban single houses is growing the most, because at the moment
it stands out the most from the EU average. This assumption is additionally supported by the State
Statistical Office data (Construction sector), where it is shown that in the period 2012-2018 the area of
constructed dwellings has increased by 22%.

Additionally, the share of heated area is also projected to increase to around 90% for apartments, 53% for
urban houses and 45% for rural houses in 2050. Based on the Survey conducted by the State Statistical
Office on energy consumption in Households, it is obtained that the average specific consumption is
around 160 kWh/m? in 2014 in the Households.
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Figure 6. Size of households and share of heated area

For the commercial building stock, data according to third National Energy Efficiency Action Plan are used
where the commercial building area is estimated to nearly 8 million m2. For the public building stock, heated
area of the building block from the National Program for EE in public buildings (Draft version) is considered
(where the average specific consumption is 214 kWh/m?).

Furthermore, for both the households and the commercial sector, the average heating and cooling degree
days are calculated for the period 2000-2017, and this average is used for the period 2018 - 2050 (2005
heating and 1053 cooling degree days).

Industry sector
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For the industry sector, based on the historical data, correlation between the GDP and the total industry
growth rate is made, and these correlations together with the projections for GDP are used for projecting
the value added of the Industry up to 2050. The projections of the energy demand in the Industry sector
are based on the added value per industry type (Figure 7).

It is assumed that the overall Industry is correlated with the GDP growth and the share of each Industry in
the total value added is similar as in 2018 (since there are no major differences in the shares in the historical
data for the period 2011-2017, according to the State Statistical Office data).
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Figure 7. Value added by industry type

Transport sector

For the transport sector, the main drivers according to which the energy demand is projected are the
passenger and freight kilometres. These parameters are calculated according to the GDP growth, number
of vehicles, number of km per vehicle and number of passengers per vehicle (Figure 8). Additionally, the
projections for the number of light duty vehicles are calculated using the relation between number of
cars/capita and GDP/capita (i.e. ownership growth elasticity relative to income growth is calculated).

It is projected that up to 2050 the freight kilometres will be almost tripled, and the passenger kilometres
will be almost doubled, following an S curve. Most of the passenger kilometres (around 79% in 2050) are
from the light duty vehicles. It should be noted that the number of passenger kilometres presented on
Figure 8. assumes no measures, so the number and distribution of the passenger kilometres in the WEM
and WAM scenarios (after the measures are applied) is different.

Mil. passenger-kilometres
; +177% : 15.469 15,967
22,000 j 16,000 14,919 E
20,000 A P
P 14,000 A 13,435 3.417 3,646
18,000 A / i
H ] 11,727
16,000 7 ; 12,000 2,546
P~ H 10,14
14,000 - 10000 J 0,148 PRIl
12,000 ~
=7 8,000
10,000 - ~ H
- H
so00 { =" 6,000
6,000 1 ' 4,000 A
4,000 A
2000 - . 2,000 -
0 , , , , , , , i 0
2015 2020 2025 2030 2035 2040 2045 2050 %
— — Freight (mil. tonnes-kilometers) I Light duty vehicles (short distance) [l Buses (intercity) [l Rail passenger
Passenger (mil. passenger-kilometers) B Light duty vehicles (long distance) [l Buses (other)
H Buses (urban) Two wheelers

Figure 8. Passenger and freight kilometres projections

Fuel prices
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The global trends of the fossil fuels prices are also very important for planning the energy system, and they
show that the natural gas price will almost double in 2050 compared to 2018 in the WEM scenario, while
in the WAM scenario it will be increased for around 40% in the same period (Figure 9). Additionally, the
price of oil in the WEM scenario will be drastically increased by about 3.5 times, and in the WAM scenario
it is increased for 30% in 2050 compared to 2018. The price of the imported coal is also increasing in the
WEM scenario for 58%, and in the WAM scenario it remains at almost the same level as the price in 2017
for the whole planning period.

On the other hand, the CO, tax is projected to be introduced in 2027 in the WEM scenario with a moderate
increase of 2.3 times in 2050 compared to 2027. In the WAM scenario the CO; tax is projected to be
introduced much earlier (in 2023), with a higher increase rate of almost 6 times in 2050 compared to 2023.

The import price of electricity is based on HUDEX and in deep modelling on electricity price in Europe
made as part of the Energy Strategy. In the first five years 2020-2025 the import price is around 45
EUR/MWh, after which it starts to increase, achieving maximum of 90 EUR/MWHh.
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Figure 9. Projected import fuel prices and price of CO;

4.2.2 Power generation

In the case of the WEM scenario, the analysis shows that the electricity generation will increase by 76%
in 2050 (Figure 10). Regarding the electricity generation, the key findings for this scenario are:

e The coal power plants will continue to operate over the period of analysis, with a slight reduction in
their production from 2.8 TWh in 2017 to 2.5 TWh in 2050. This is mainly a result of the
decommissioning of TPP Oslomej as well as lower production of TPP Bitola. In terms of total
electricity generation, the share of coal power plants will drop from 39% in 2017 to 20% in 2050.

¢ The reduced production of coal power plants will be replaced with the electricity generation from
power plants using natural gas, as well as RES. The production of the natural gas power plants will
increase from 0.8 TWh in 2017 to 1.8 TWh in 2050, due to the increase in the generation capacity
as a more cost-effective long-term option compared to new lignite power plants on imported coal,
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considering the CO- tax as well. However, their share in the total electricity generation will slightly
increase from 11% in 2017 to 14% in 2050.

The RES utilization will be intensified, mainly by increasing the production of the hydropower plant
from 1.1 TWh in 2017 to 4.2 TWh in 2050 (normalized). A noticeable increase is also evident in the
electricity generation from PV power plants (from 0.03 TWh in 2017 to 1.7 TWh in 2050) and wind
power plants (from 0.12 TWh in 2017 to 1.2 TWh in 2050). Their share in the total electricity
generation will increase from 15%, 0.4%, and 2% in 2017 to 34%, 13%, and 10% in 2050 for hydro,
PV, and wind power plants, respectively.

The intensified production from domestic resources will reduce the net import of electricity for 1.2
TWh in 2050 compared to 2017 (from 2.2 TWhin 2017 to 1 TWh in 2050). The electricity production
will be mainly based on RES.

In the WAM scenario, the electricity generation will increase by 48% in 2050, or compared to the WEM
scenario the 16% less electricity will be produced in 2050 (Figure 10). The key findings from the WAM
scenario in terms of the electricity generation are:

The coal power plants will stop their production after 2025. Their decommissioning is driven by the
higher carbon tax introduced in the WAM scenario.

By 2025, the electricity generation from power plants on natural gas will be more than doubled,
compared to 2017. After 2030, with the increase of CO; price and the introduction of more RES the
production of the gas power plants will not be cost-effective, thus reducing the level of production
for 50% compared to 2017. This will also decrease their share in the total electricity generation
from 11% in 2017 to 4% in 2050.

Regarding the RES utilization, the production of the hydropower plant will increase at the same
level as in the WEM scenario, and the introduction of the PV and wind power plants in the system
will be more intensified. Their share in the total electricity generation will increase from 15%, 0.4%,
and 2% in 2017 to 40%, 28%, and 18% in 2050 for hydro, PV, and wind power plants, respectively.
The system flexibility in this case has to be ensured in order to balance the electricity produced by
PV and wind power plants, mainly by the construction of (pump storage) hydro-power plants,
biomass and biogas power plants, and implementation of demand response and electrification of
the transport sector.

In general, a decreasing trend of net import can be observed, i.e. from 2.2 TWh in 2017 to 0.8 TWh
in 2050. After 2030, the net import of electricity is slightly higher compared to the WEM scenario,
to satisfy the remaining part of the electricity consumption that could not be covered by the installed
power generation capacities in the WAM scenario.

Mainly as a result of the intensified introduction of renewable energy sources and the decommission of the
coal power plants in the WAM, compared to the WEM scenario, the GHG emissions are drastically reduced
by almost 93% in 2050 compared to 2017 in the WAM scenario, while this reduction in the WEM scenario
is only around 10%.

Based on the electricity generation from different energy sources and the final electricity consumption, the
electricity grid factor is calculated up to 2050 and presented on Figure 10. It can be noticed that the
electricity grid factor reduces to zero after 2025 in the WAM scenario. Additionally, in the mitigation analysis
very often the CO; production factor of electricity generated from lignite and natural gas is needed, so
these values are also calculated and presented for the period up to 2050 (Figure 10).
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Note: the production from the Hydro Power Plants is normalized starting from 2018 (according to the RES Directive). It should be mentioned that
2017 is a hydrologically unfavorable year, with electricity production from hydropower plants much lower than average. For comparison, according
to the SSO Energy Balance, in 2015, the production from hydropower plants is 1.9 TWh; in 2016, 1.9 TWh; and in 2018, 1.8 TWh.

Figure 10. Electricity generation by type of technology

Currently, the installed capacity of power plants in the country is 1.8 GW, out of which around 42% takes
the lignite power plants, 38% hydropower plants, 16% are natural gas power plants, around 3% wind power
plant, 1% is for PV, and biogas power plants have less than 1%. The growing electricity demand requires
additional generating capacities. Therefore, in the WEM scenario, an additional capacity of 2.6 GW will be
installed in the power system by 2050, while in the WAM scenario additional 3.2 GW is needed or 15%
more compared to the WEM scenario in 2050 (Figure 10).

In the WEM scenario, lignite power plant Oslomej will be shut down by 2025, but TPP Bitola will remain in
the system during the planning period. By 2050, an additional capacity of 0.2 GW of power plants on
natural gas will be added to the system (conversion of HFO TPP Negotino to natural gas). Regarding the
RES potential, the installed capacity of hydropower plants will increase for around 1 GW in 2050, which is
more than double compared to 2017.

Construction of new hydro power plants is not foreseen in the period 2040 — 2050.

The installed capacity of large hydropower plants in the analyzed 2017 is estimated at 556.8 MW, while
the WAM scenario envisages the installed capacity of the large hydropower plants to increase by an
additional 808 MW by 2040/2050.

It is important to note that construction of new hydro power plants is not foreseen in the period 2040 —
2050. By 2040, it is planned to have a total of 160 MW small hydropower plants with feed-in tariff (same
as planned in the adopted Energy Strategy of 2019). According to the data from the Energy Regulatory
Commission, as of December 2020, of these 160 MW, a total of 115 MW have already been built (have
the status of preferential producer) or are under construction (have the temporary status of preferential
producer). This means that in the period until 2040/2050 additional 35 MW should be built, plus
approximately 10 MW on the already existing Zletovica hydro system.

The construction of new hydropower plants should avoid the disproportionate environmental impact
compared to electricity generated. The selection of locations for construction of hydropower plants should
be carefully assessed to avoid adverse environmental impacts and should take into considerations the
legal framework for environmental protection, biodiversity protection, nature conservation, as well as
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Governmental decisions. In addition, it is recommended the capacity of the water supply systems to be
used for small hydropower plants if justified according to economic and technical assessments.

The highest increase is estimated for the installed capacity of the PV power plants, or around 1.2 GW of
additional capacity will be included in the power system by 2050. A significant increase of 0.5 GW by 2050
is also noticeable for wind power plants. Hence, in 2050 the share of the RES in the total installed capacity
will be 81%, or 40% for hydropower plants, 27% for PV, 13% for wind, and almost 1% for biogas power
plants.

In the case of the WAM scenario, the operation of lignite power plants will no longer be a cost-effective
option after 2025. The main reason is the higher carbon price in the WAM scenario which makes TPP
Bitola and TPP Oslomej an economically not viable option. Because of the decommissioning of the coal
power plants, around 0.14 GW additional capacity of power plants on natural gas is estimated to enter the
power system by 2030 (conversion of HFO TPP to natural gas), besides the RES capacity. The analysis
shows that the natural gas units will be used mainly for balancing of the grid having in mind the RES
installed capacity (especially after 2030). Same as in the WEM scenario, the highest increase is estimated
for the installed capacity of RES. By 2050 the installed capacity of hydropower will increase for around 1
GW, the capacity of PV power plants for 2.1 GW, and the capacity of wind power plants for 0.9 GW. In
terms of their share in the total installed capacity, hydropower plants will participate with 35%, PV power
plants with 41% and the wind power plants with 19%.
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Figure 11. Installed capacity by type of technology

The price of electricity in both WEM and WAM scenarios increases as a result of the increase of the CO-
tax and investments in new capacities, primarily on renewable energy sources (Figure 12). While the price
for each type of consumers is almost doubled in this period, it should be noted that at the same time the
GDP/capita is increased for almost three times. Additionally, the realization of the WAM scenario, where
there is a drastically greater penetration of renewable energy sources, does not lead to a significant
increase in the price for consumers. The biggest difference appears in the period 2025-2030 when the
decommission of TPP Bitola in the WAM scenario is foreseen, and to ensure the security of the system
there is construction of a new gas power plant that operates at a higher price compared to the price in the
WEM scenario.
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Figure 12. Price of electricity by type of consumer (EUR/MWh)

4.2.3 Industry

The total final energy consumption in the Industry in the WEM scenario increases by 0.8 Mtoe in 2050
compared to 2017 (Figure 13). Although this increase appears to be drastic, it should be noted that due to
the World Crisis, European Crises and introduction of environmental standards in the Industry sector, there
was closing and reopening of some of the major industry capacities in Republic of North Macedonia in the
recent period (2012-2017). However, it is assumed that all these capacities will restart and in 2025 the final
energy consumption will be at the 2012 level, and in 2030 it will be at 2007 level. Because the mix of fuels
used in Industry in the WEM scenario is similar throughout the planning period, emissions increase
accordingly at a similar rate, reaching 2.8 Tg CO2-eq in 2050.

On the other hand, the higher price of the CO- tax in the WAM scenario contributes to the change of the
fuel mix, primarily for the decommissioning of coal, which at the same time contributes to the introduction
of more advanced technologies (using mainly natural gas, biomass and electricity) which together with the
industrial energy management measures and the introduction of more efficient electric motors contribute
to a 25% reduction in energy consumption in the WAM scenario compared to the WEM scenario in 2050.
At the same time, the change in the fuel mix leads to a drastic reduction in GHG emissions of about 60%
in the WAM scenario compared to the WEM scenario in 2050.

However, despite the introduction of these measures in the WAM scenario, it is obvious that after 2030
GHG emissions start to increase slightly, mainly due to the Industrial growth on the one hand and on the
other hand because the proposed improved technologies reach their maximum technical efficiency. To
prevent the growth of emissions after 2030 or 2040, it is necessary to introduce new technologies that will
use low-carbon fuels, such as hydrogen, or electricity (which in that period will be primarily produced from
renewable energy sources).
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Figure 13. Final energy consumption by fuels in the industry sector

4.2 .4 Transport

After industry, transport is projected to be the second fastest growing sector in terms of final energy
consumption. In the WEM scenario, the consumption increases by about 60% in 2050 compared to 2017.
The gradual introduction of biofuels in the period from 2020 to 2030 (when they reach a maximum of 10%)
is the main reason for reducing GHG emissions in this period, although there is an increase in energy
consumption. In the period after 2030, GHG emissions increase, but at a slower rate than the increase in
final energy consumption, as a result of: biofuels and the introduction of vehicles that use fuels with lower
emission factors, such as CNG and electricity.

In the WAM scenario, the growth of final energy consumption is almost twice lower compared to the WEM
scenario. Unlike the WEM scenario, WAM in the period until 2030 has a reduction in greenhouse gas
emissions and energy consumption primarily due to the penetration of hybrid vehicles and electric vehicles.
In the period from 2030-2040, the trend of vehicle electrification continues, but as a result of freight
transport there is a slight increase in emissions. Additionally, at the beginning of this period, another minor
trend of import of used diesel and gasoline vehicles is expected to occur, having in mind that the efficiency
of the imported used vehicles is close to the efficiency of the new vehicle sold on the market in that specific
period. This growth of emissions will stop after 2040, primarily due to the introduction of hydrogen, greater
penetration of CNG, as well as greater penetration of hybrid vehicles in light and heavy freight transport.
At the same time, the trend of electrification and purchase of hybrid vehicles continues with light duty
vehicles. All this leads to a gradual reduction of the share of diesel fuel in transport, which allows a
downward trend in emissions.
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Figure 14. Final energy consumption by fuels in the transport sector

4.2.5 Households, commercial and services

In the WEM scenario, household energy consumption is projected to increase by 13% in 2050 compared
to 2017, but emissions are reduced by about 21%, primarily due to reduced use of oil and LPG, improved
energy efficiency and higher share of natural gas and renewables in the household (Figure 15). On the
other hand, in the WAM scenario the introduction of more efficient technologies, class A, A+, A++ and
A+++ (primarily for heating and hot water, but also other devices), more efficient lighting, the improvement
of building performance (through their insulation and windows replacement) leads to a reduction in the
consumption of final energy of 8% in 2050 compared to 2017. Correspondingly, there is a reduction of
GHG emissions by about 52% in the same period. However, direct GHG emissions from the household
sector are very small considering that biomass and electricity have the largest share in the final energy
consumption.

Compared to the, for example, Industrial sector where there is high impact from the international prices
(oil, gas, coal), in the households sector the biomass and electricity which are mainly domestic are
expected to remain the main energy sources during the whole planning period in both scenarios. Therefore,
the share of fuels in households generally remains similar in both scenarios, so that in 2050 compared to
2017 there is an increase in the share of electricity, a decrease in the share of biomass, and in the WAM
scenario there is a larger share of renewables compared to WEM scenario. The decrease of the biomass
consumption is driven by the replacement of inefficient biomass stoves with high efficient biomass stoves
(for example, pellet stoves), as well as their replacement with heat pumps, due to the air pollution problem
in the cities and the current strong policy of the Government for subsidizing heat pumps and more efficient
biomass stoves. At the same time, there is also increase of the heat (district heating) as a result of the
Government policy for decreasing the value added tax from 18% to 5%. The introduction of heat pumps
with higher COP in the WAM scenario, the increased solar thermal collectors for hot water, as well as
increased District heating will reduce the gas consumption compared to WEM scenario.
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Figure 15. Final energy consumption by fuels in the household sector

As a result of the macroeconomic drivers, in the commercial and services sector in the WEM scenario
there is an increase in final energy consumption by 38% in 2050 compared to 2017 (Figure 15).
Nevertheless, greenhouse gas emissions in the same period decreased by about 20% due to greater
penetration of natural gas technologies, renewable sources, greater use of district heating, but also the
electrification of this sector, which is accompanied by an increase of RES for the production of that
electricity. On the other hand, the improvement of the energy efficiency through the implementation of
measures in this sector in the WAM scenario contributes to a final energy consumption of 27% lower in
2050 compared to the WEM scenario, so the final energy consumption remains at the same level during
the planning period. The emissions in the WAM scenario have a drastic reduction of about 46% in 2050
compared to 2017 which is also a result of more intensive penetration of fuels with lower emission factors
(electricity, natural gas and RES) and reduced use of oil in this sector. As is the case for the household
sector, the direct emissions from the commercial and services sector are very small considering that
electricity is the main energy source.
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Figure 16. Final energy consumption by fuels in the commercial and services sector

4.2.6 Total energy results

The analysis shows that the final energy consumption in the WEM scenario will grow for 1.3 Mtoe by 2050
or by 73% compared to 2017 (Figure 17). Currently, 1/3 of the final energy is consumed by the transport
sector, another third by the residential sector, 21% by the industry, 12% by the commercial sector, and
around 1% in agriculture. By 2050, the highest increase is estimated for consumption in the industry sector
(from 0.4 Mtoe to 1.2 Mtoe), which is related to the GDP growth projections. Over the analysed period, a
significant increase of 55% (around 0.3 Mtoe) is also estimated for the consumption in the transport sector.
The consumption in the commercial sector will grow for 0.08 Mtoe and in the residential sector for 0.07
Mtoe, which represents an increase of 38% and 13%, respectively, over the period 2017 - 2050. In terms
of the share in the final energy consumption in 2050, the highest share will have the industry sector — 38%,
followed by the transport sector — 30%, then the residential sector with 21% and commercial sector with
10%, while the remaining 1% will be for the agriculture sector.

In the case of the WAM scenario, the total final energy demand will rise by 38% (or 0.7 Mtoe) over the
analysed period, but it will be 20% lower compared to the WEM scenario in 2050. This is mainly a result
of the introduction of more advanced and highly efficient technologies at the demand side. The
consumption in the industry will again have the highest increase, from 0.4 Mtoe in 2017 to 0.9 Mtoe in
2050, while the consumption in the transport will grow for almost 0.2 Mtoe (or 33% increase relative to
2017). The consumption in the commercial sector will remain almost at the same level, while in the
residential sector it is estimated that will drop for 0.04 Mtoe (or 8% compared to 2017). Regarding their
share in the final energy demand in 2050, the industry sector will participate with 36%, the transport sector
will account for 32%, the residential sector will represent 21%, and the commercial sector 9%, while the
remaining 2% will be for the agriculture sector.
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Figure 17. Final energy consumption per sector

Considering the final energy demand by fuel, in the WEM scenario, the electricity and diesel will
predominate, and after 2030, the utilization of natural gas and coal will gradually increase. The biomass
consumption will slightly increase. The share of electricity in the total final energy consumption is around
30% over the entire period, while the share of the diesel will drop from 32% in 2017 to 23% in 2050. On
the other hand, the shares of natural gas and coal will increase from 1% and 8% in 2017 to 7% and 16%
in 2050, respectively. The share of the biomass will decrease from 13% in 2015 to 9% in 2050. The other
fuels, mainly oil products (like gasoline, LPG, HFO, etc.), will account for remaining less than 20% (Figure
17).

The electricity and diesel will also dominate the final energy consumption in the WAM scenario, and the
natural gas will be used instead of coal. In absolute values, the demand for all fuels will be at a lower level
compared to the WEM scenario. Regarding their share in the total final demand, in 2050 the electricity will
account for 33%, the diesel 20%, natural gas 17%, biomass 11%, and the remaining less than 20% will
comprise the other fuels.
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Figure 18. Final energy consumption per fuel
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GHG emissions by sectors are presented in two ways. One is in terms of IPCC methodology. The
disadvantage of this methodology is that emissions from electricity imports are not taken into account,
which is of great importance for an import-dependent country like Republic of North Macedonia. According
to this methodology, with the introduction of the measures, it can happen that there is no reduction of
emissions in Republic of North Macedonia because the import of electricity would be reduced (which is not
considered in the total emissions anyway). To overcome this shortcoming, the results are presented in a
way that includes emissions from both aviation and electricity import (considered as Memo items).

Analysing the GHG emissions by sector, including the emissions for the international aviation and the
electricity import , in the WEM scenario, the total emissions are rising from 9 Mt in 2017 to 10.6 Mt in 2050
(or 18%), mainly as a result of the increase in the emissions from the industry and transport (Figure 18).
In 2017, almost half of the total GHG emissions (46%) originated from electricity and heat production, 20%
came from the transport sector, 10% from the industry and around 16% are related to the electricity import.
The emission level estimated for the electricity import is also relevant, albeit it reduces over the period due
to the increased domestic electricity production. Regarding the sectoral contribution to the total GHG
emissions in 2050, electricity and heat production account for 35%, followed by industry with 27%,
transport with 22%, electricity import with 9%, and the other sectors contribute the remaining 7%.

In the WAM scenario, the total emissions are estimated to drop by 46% in 2050 compared to 2017, or by
54% compared to the WEM scenario. The decommissioning of the lignite power plants due to the high
carbon price and their replacement with RES will result in a 93% reduction of emissions from the electricity
and heat production sector. Although the emissions from the industry sector are estimated to rise over the
analysed period (for 26%), their level is lower compared to the WEM scenario. On the other hand, the
emissions from the transport sector are estimated to slightly reduce as a result of the introduction of more
advanced technologies using less carbon-intensive fuels.
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Figure 19. GHG emissions development by sector including MEMO items (import + aviation)

If the Memo items are not included in the total GHG emissions, the emissions in the WEM scenario are
estimated to increase by 26%, while in the WAM scenario to decrease by 53% (Figure 20). Therefore, in
2050 the emissions in the WAM scenario are estimated to be 3.5 Mt, which is 63% lower compared to the
WEM scenario (9.5 Mt).
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Figure 20. GHG emissions development by sector without MEMO items (import and aviation)

Considering the GHG emissions by gas, in both cases, the CO, emissions dominate with around 95% of
the total emissions (Figure 21). When compared to the level of emissions in 1990, the emissions (including
Memo items) in 2050 are estimated to increase by 10% in the case of the WEM scenario and to decrease
by 50% in the WAM scenario.
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Figure 21. GHG emissions reduction by gas (including MEMO items)
4.3 IPPU

4.3.1 Key assumptions

For projection of the emissions of the Industrial Processes, the main assumption is that they depend on
the added value of the corresponding industry type. Therefore, a correlation between the historical data
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for the added value and the GHG emissions from each industry type is made. As the emissions from the
Product Use as substitutes for ODS mainly depend on imported appliances (such as refrigerators and air-
conditioners) it is assumed that these emissions depend on the GDP. Again, a correlation of the historical
values for the GHG emissions from the Product Use and the GDP in the same period is made. Using the
obtained equations for the correlation and the projections for the added values in each industry and the
GDP (the macroeconomic drivers), projections for the GHG emissions from this sector are made for the
period up to 2050. No mitigation measures are proposed for this sector due to the time constrains and the
absence of previous work on mitigation aspects in the sector IPPU. The definition of policies and measures
in the IPPU sector requires detailed assessments on technological production processes which will be
gradually gathered by the introduction of the EU ETS scheme which is foreseen under the Draft Law on
Climate Action.

4.3.2 Total IPPU results

The results for the total GHG emissions for the IPPU sector show that there will be an increase for 143%
in 2050 compared to 2017 in this sector, which is expected as there are no measures assumed for their
mitigation. The highest increase is in the emissions from Product Use as Substitutes for ODS, which
increase for almost four times.
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Figure 22. Total GHG emissions in Industrial Processes and Product Use sector by categories (in Gg CO»-
eq)

4.4 AFOLU in transition

4.4.1 Key assumptions

For livestock, the main assumption is that the number of livestock will keep the same trend as in the period
until 2040, except for goats which have a sharp downward trend until 2040 and whose number is projected
to remain at the same level as in 2040. As noted in the TBUR, it is difficult to make long-term forecasts for
land change from one type to another. Therefore, in the TBUR it is assumed that the trend from 2000-2016
will continue in the period until 2040. In this Strategy the same trend is assumed until 2050.
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4.4.2 Total AFOLU results

The AFOLU sector is of great importance because it is the only sector in which there are GHG removals
and it includes a natural carbon-caption reservoir mainly from the Forestry. Projections until 2050 show
that in the AFOLU sector the GHG removal will be increased for about 35% in 2050 compared to 2016 and
this removal is mainly originating from Forestland (Figure 23). The use of biomass for Energy purposes is
within the principles of sustainable use of biomass, i.e. there is less consumption of biomass than is the
annual growth rate of the biomass in the forests. This is one of the reasons for the increase in sinks in this
sector. The greatest problems in this sector are the forest fires that in certain years in the past caused the
sector FOLU to become significant source of GHG emissions. The proposed measures for afforestation
and integrated management of forest fires will contribute the GHG removals in 2050 to remain at similar
level as in 2020.

Furthermore, in the WAM scenario the emissions from the livestock will decrease by about 23% in 2050
compared to 2016. The reduction is a result of implementation of measures for improved manure and
nutrition management, as well as from the downward trend in the livestock population (especially the
number of dairy cows that have the most significant role in the emissions). In addition, the measures
proposed in the category Land use contribute to reduction of the emissions from this sector by about 28%
in 2050 compared to 2016.

662 645
324 386 447 571 633 695

34
o5 509

I N B e -

Other Land
Urea application
Il Direct N20 emissions from managed soils
Il Indirect N20 emissions from managed soils
Indirect N2O emissions from manure management
I Rice cultivations
o o S 3.058 Il Forestland
Cropland
I Grassland
0 Settlements
Il Harvested Wood Products

-274 -348 -423

-3.950

-2.088

-2.512

2643 S L 26 =
-2.800 -2.777 -2.733 2772
- -2.810
2016 2020 2025 2030 2035 2040 2045 2050

Figure 23. Total GHG emissions in AFOLU sector by subcategories (in Gg CO2-eq)
4.5 Waste in transition

4.5.1 Key assumptions

The major assumptions according to which the projections in this sector are made are based on the key
drivers GDP and the population. Besides the population, another very important assumption for projecting
the Municipal Solid Waste Disposal is the waste per capita (Figure 24). The projections for this variable
are based on the data for the countries in the region, as well as the EU28 data. The major assumption is
that the waste per capita in Republic of North Macedonia will increase linearly until it reaches the same
amount of waste per capita as the linear projections of EU28 in 2035. Afterwards, in the next few years the
increasing rate will slow down, and after 2038 it will start decreasing.
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Figure 24. Waste per capita projections

The composition of Municipal solid waste is assumed to remain the same during the whole period as it is
for 2016, i.e. food — 36.7%, garden — 10.7%, paper — 10.8%, wood — 0.4%, textile — 3.7%, nappies — 5.0%
and plastic, other inert — 32.6%. It is also assumed that the distribution of waste by waste management
treatment will be equal to the distribution in 2016, for the whole period.

For calculating the waste from the Industry, besides the GDP, for the Industrial wastewater, the data for
the value added for the industry from the MARKAL model are used. For that purpose first the correlation
between the Total organic degradable material in the wastewater from the Industry with the Industry value
added is calculated (Figure 25) and using the obtained equation and the projection for the Industry value
added, the projections for the Total organic degradable material in the wastewater from the Industry up to
2050 are calculated (Figure 26).
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In the WEM and WAM scenarios four measures are proposed for the Waste sector, and the following
assumptions were made for their modelling:

e The existing illegal (‘wild’) dumpsites with very high, high and medium risk will be rehabilitated (covering and
gas extraction and flaring) and new landfills will be opened by waste management regions in the following
order:
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o Skopje — 2023

o East and Northeast — 2025

o Polog —2026

o Southeast — 2029

o Pelagonija and Southwest — 2029
o Vardar - 2029

e Mechanical and biological treatment will be made in the new regional landfills with composting (from the
Garden solid waste);

e Paper selection will gradually increase from 2% in 2021 up to 60% in 2050 of the total paper waste (this will
change the Municipal Solid Waste composition, by reducing the share of paper);

¢ By including circular economy in the Industry, the waste treatment in this sector will increase from 0.1% in
2021 up to 50% in 2050

4.5.2 Total waste results

The results show that the highest GHG emission reduction will be achieved by covering the existing wild
dumpsites and the opening of the regional landfills in the period 2023- 2029 (Figure 27). By gas extraction
and flaring in the existing dumpsites the CO2 emissions will increase in the following period , but the total
GHG emissions will be drastically reduced. By Mechanical and biological treatment of the Garden waste,
the emissions for Biological treatment will be increased, but at the same time the solid Waste Disposal
emissions will be reduced compared to a situation without this measure. Although the measures Selection
of waste - paper and the Improved waste and materials management at industrial facilities reduce the
emissions in the period from 2020-2050 compared to a scenario with no measures, the total emissions
after 2030 start to increase. This is mainly due to the waste from the Industry. On one hand, as the GDP
grows, the emissions from the Industrial Wastewater increase as there is no measure proposed for this
sector. Although there is a measure in the solid waste from the Industry, the emissions from this sector
also increase, because the emissions in a certain year are based on the accumulated waste from the
previous years. Thus, the effect of the reduction of solid waste from the Industry is even more visible in the
period after 2050. However, the increase in the period 2020-2050 is with a much slower rate compared to
a scenario with no measure.

The emissions from the Domestic Wastewater and from Open burning will decrease mainly as a result of
the decrease of the population and the waste per capita.

Most of the GHG emissions from the Waste sector are emissions of CH4, but after 2025 the CO2 emissions
start to increase due to introduction of the process of flaring (Figure 28).
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Figure 27. Total GHG emissions in the Waste sector by subcategories (in Gg CO2-eq)
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Figure 28. Total GHG emissions in the Waste sector by gases (in Gg CO2-eq)
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4.6 Total results

The total emissions in the WEM scenario are reduced by about 14% in 2050 compared to 1990 (Figure
29). Even though the emissions from the Energy and IPPU sectors increase, the emissions reduction is a
result of GHG removals by the FOLU sector. The total emissions in the WAM scenario are reduced by
61% in 2050 relative to 1990. This is primarily a result of the decommissioning of TPP Oslomej and TPP
Bitola.

If emissions from electricity imports are excluded (Figure 30), and given that there was no electricity imports
in 1990, the reduction in total emissions is even greater (around 23% in WEM and 72% in WAM in 2050
compared to 1990).

Despite all the measures proposed in the WAM scenario, still, after 2030, an upward trend of emissions is
maintained, which is primarily due to the IPPU sector in which, as previously emphasized, no mitigation
measures are proposed. Therefore, if this sector is excluded from the total net GHG emissions, the total
reductions reach 90% in 2050 compared to the 1990 level in the WAM scenario.
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Figure 29. Total net emissions by sectors with MEMO items — WEM and WAM scenario (Gg CO2-eq)
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Figure 30. Total emissions by sectors without MEMO items — WEM and WAM scenario (Gg CO2-eq)

A reduction of net emissions by at least 82% in 2030 compared to 1990 in the WAM scenario requires:

Reduction of emissions from the Energy sector by 66%
Increase of emissions from the IPPU by no more than 45%
Reduction of emissions from the Agriculture by 29%

Increase of the removals from the FOLU sector by about 18 times (which although appears to be drastic,
should be noted that it is an increase of only around 17% in 2030 compared to 2016 (reported in the Inventory-
TBUR)) and

Reduction of the emissions from the Waste sector by 21%

A reduction of net emissions by at least 72% in 2050 compared to 1990 in the WAM scenario requires
(Figure 31):

Reduction of emissions from the Energy sector by 64%
Increase of emissions from the IPPU by no more than 153%
Reduction of emissions from the Agriculture by 34%

Increase of the removals from the FOLU sector by about 18 times (which although appears to be drastic,
should be noted that it is an increase of only around 17% in 2050 compared to 2016 (reported in the Inventory-
TBUR)) and

Reduction of the emissions from the Waste sector by 2% (which in turn represents a reduction of emissions
by 36% compared to 2017).
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5. ADAPTATION MEASURES

A wealth of information on climate change impacts as well as on measures to adapt and reduce
vulnerability to such impacts is available in the country. However, the line between adaptation and
maladaptation” may be fine when the subject matter in on the intersection of ecosystems and human
activity.

For most situations, specific adaptation interventions need to be defined at the lowest level possible, so as
to ensure the full integration of all relevant aspects (such as exposure and vulnerability to the climate
impact of a given system, taking into consideration physical aspects, including geography and location;
socio-economic parameters such as demography, health and cultural dimensions; as well as economic
aspects). Up to date, solid and regularly collected data (before, during and after implementation) is in most
such cases crucial for successful adaptation action.

The adaptation measures contained in this Strategy are limited and mainly aimed at addressing the key
barriers and gaps identified in the Third National Communication. The reason for this is the fact that the
PSC decided the Strategy and its Action Plan to focus on climate change mitigation measures and policies,
while the NAP, which is currently in final phase of application for funding by the Green Climate Fund, will
focus on comprehensive adaptation policies and measures. In addition to this, sectoral adopted strategies
in the fields of biodiversity and nature protection address climate adaptation measures, while the
vulnerability assessments are already addressed in the national communications developed so far. In
addition, link between water and climate sector is already addressed in the Law on waters, as well as in
the proposals for development of new or updated river basis management plans. Taking all of this into
account, the scope of this chapter within the long term strategy is focus on addressing of key barriers and
gaps and providing an enabling environment for climate adaptation.

Despite the fact that Republic of North Macedonia has put a lot of effort on scientifically sound information,
there are still gaps that constitute barriers to the full understanding required for adaptation planning and
action in key sectors such as water resources, agriculture, biodiversity, human health and socio-economic
development. For these sectors, specific data and information gaps, including fragile cooperative
mechanism for sharing and dissemination, have been identified, mostly related to the granularity and detail
of the data, which allows for the definition measures at a lower level and that will allow for a regular
monitoring and impact of the measures, once implemented. The objective of this strategy is to address
and close such data gaps, to contribute to the country’s readiness to define, implement and monitor
measures to adapt to climate change impacts through the National Adaptation Plan.

In order to achieve the specific objective 5 of this strategy: To build solid systems for the reqular and
periodic collection data for the production and dissemination of scientific and technical knowledge, the
following measures are defined:

e Water resources: Pilot project for the collection of data on water use in rural context for the purpose
of ensuring effective adaptation to climate change

e Agriculture: Cooperation Among Scientific Institutions and Enhance the Science-Policy-
Implementers Link

e Biodiversity: Define and develop an indicator system to monitor the impacts of climate change on
biodiversity and to define a national research plan for biodiversity and climate change

¢ Human Health: Restore and improve the system for the collection of air-climate-health data,
including the platform for sharing it with the public

Maladaptation: when the implementation of an adaptation measures results in the increase rather than on the decrease of
vulnerability to a certain climate change impact.
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e Socio-economic Development: Define and develop a system to monitor socio-economic
vulnerability to climate change

Water resources

Pilot project for the collection of data on water use in rural context for the purpose of ensuring effective
adaptation to climate change

This measure specifically aims at addressing the following needs and gaps identified in the Third National
Communication:

e Lack of knowledge about the extent of groundwater irrigation, and there is an urgent need for
mapping/inventory of existing irrigation wells

o There are no reliable data on water consumed for irrigation. Most irrigation schemes do not have
measuring devices at the level of intakes, river diversions or canal outlets

Taking into consideration the Water Strategy for the Republic of Republic of North Macedonia — Final Draft
Version (2010) and the Law on Waters, in particular its section VI — Water Monitoring, a pilot project for
the collection of data on water use in rural context, for the purposes of ensuring effective adaptation to
climate change is to be implemented. The information available on ground water aquifers; the number of
wells and of its use (it is not sufficient to know the number of wells, but whether or not water is actually
extracted from them); the areas of irrigation using surface and underground water; and on the amount of
irrigation water lost through evaporation and leakages is insufficient for a rigorous assessment of
vulnerability and to the definition of sound policies for the management of water resources in the context
of climate change.

The lack of this information makes it impossible to actually determine the vulnerability of specific
geographic locations to the impacts of climate change, taking into account the climate scenarios
downscaled to the level of the country. While there is sufficient information on the exposition to the climate
change impact (mostly provided through historical and projected precipitation patterns), the actual
vulnerability can only be assessed with site specific data on water needs, water use and water availability
to meet the needs.

In the scope of this measure, the following activities are to be implemented:
1. Define the boundaries of the pilot, in particular in terms of geographic coverage

2. Inventory and map wells, including the identification of its main use (irrigation or other). For this, good
practices shall be considered, such as

a) digital field mapping, where the relevant features are observed, analysed, and recorded in the field,
producing spatially referenced maps

b) field work aided by and to complement / validate the results of the digital field mapping, with a view
to collecting/validating, for example, data on: well location, status (operational / non-operational),
depth to groundwater, groundwater quality.

3. Identify needs and determine measures for the improvement of the monitoring of irrigation water use
in order to

a) Determine the area under irrigation with surface and groundwater
b) Enhance the coverage of measuring devices at the level of intakes, river diversions or canal outlets

c) Set up a system / methodological approach to estimate irrigation water losses through leakage and
evaporation

4. Define and implement a methodological approach for the monitoring of groundwater aquifers within the
boundaries of the pilot project.

Agriculture
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Promote Cooperation among Scientific Institutions and Enhance the Science-Policy-Implementers Link

This measure specifically aims at addressing the following needs and gaps identified in the Third National
Communication:

o Weak networking and an insufficient level of cooperation between scientific institutions

Adapting to climate change in agriculture requires the vertical integration of scientific knowledge creation
and dissemination. It is of the utmost importance that the research community answers the policy making
needs for scientific knowledge and that the results of this policy-driven research reach the most important
agents in this sector: the farmers.

The work undertaken under this measure should be mindful of the work being done under measure Define
a national research plan for biodiversity (including agrobiodiversity) and climate change, namely on what
agrobiodiversity is concerned.

In the scope of this measure, the following activities are to be implemented:
1. Identify the institutions performing research on agriculture and climate change

2. Define and establish a coordination, communication and knowledge management mechanism,
including web-based, that promotes synergies among research institutions and enhances the link and
communication among research institutions, policy makers, extension services and farmers, including
civil society organizations

This coordination and communication mechanism shall, to the extent the availability of the technology and
expertise in Republic of North Macedonia, rely on artificial intelligence technologies, which facilitate the
collection and dissemination of relevant information, including matching information demand with supply.
The core of this mechanism is to be a database aimed at managing knowledge, and a communication /
interaction mechanism that, using artificial intelligence technologies, may be based on a ChatBot (a
software programmed to typically perform repetitive tasks, such as answering frequently asked questions)
or SocialBot (running over social media platforms). These artificial intelligence BOTs are able to deliver
results in a more integrated manner by using algorithms, then by simply searching for key words.

Biodiversity

Define and develop an indicator system to monitor the impacts of climate change on biodiversity

This measure specifically aims at addressing the following needs and gaps identified in the Third National
Communication:

e Lack of data for precise distribution of different species, population density and abundance;
Vegetation map - communities and habitats; Insufficient definition of biogeographical
characteristics of Macedonian territory;

e Lack of data on vulnerable biodiversity components to climate change;

¢ A monitoring system of climate change impacts on biodiversity does not exist;

e Lack of good intersectoral cooperation (partially)

¢ Insufficient capacities (human and knowledge); (partially)
Climate change may have significant impacts on biodiversity. Indicators can help illustrate this impact and
make it more easily understandable for policy makers and the general public.

Data availability for indicator development is insufficient, not only in Republic of North Macedonia, but in
most countries. Therefore, the indicator system under this measure needs to be mindful of such
constraints. With that in mind, the following aspects shall be determinant in the choice of indicators to
monitor the impacts of climate change on biodiversity:

o Purpose: what aspect of vulnerability / adaptation is the indicator to monitor?
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e Relevance: the indicator is to provide relevant information for the decision-making process and / or
for the monitoring of a specific adaptation action.

e Resources and capacities are to be available for the regular and accurate collection, management,
and analysis of the data for the indicator. This includes choosing indicators for which data is more
readily available over indicators for which greater data collection efforts will be required.

e Alignment and synergies with data collected for any other relevant purposes.

In the scope of this measure, the following activities are to be implemented:
1) Define policy relevant key indicators for evaluation of impacts of climate change on biodiversity

a) Assess data needs and data availability and gaps, including resources needed to address needs
and gaps

2) Design and establish monitoring system for the impacts of climate change on biodiversity, including
institutional responsibilities

Define a national research plan for biodiversity and climate change

This measure specifically aims at addressing the following needs and gaps identified in the Third National
Communication™:

e Lack of data for precise distribution of different species, population density and abundance;
Vegetation map - communities and habitats; Insufficient definition of biogeographical
characteristics of Macedonian territory;

e Lack of good intersectoral cooperation (partially)

¢ Insufficient capacities (human and knowledge); (partially)
Biodiversity’s vulnerability to climate change is well established globally and in Republic of North
Macedonia. More so than for other sectors, the vulnerability assessment and definition of adaptation
measures is greatly dependant on scientific knowledge. Ensuring that the research community answers
the policy making needs for scientific knowledge is of the utmost importance. In order to promote such

science-policy link, a research plan for biodiversity, including agrobiodiversity, and climate change is to be
elaborated.

The goals of the research plan for biodiversity, including agrobiodiversity, and climate change are to
include:

¢ |dentification of important gaps in the information needed by sectoral decision-makers to respond
to climate change in ways that reduce the vulnerability of biodiversity to the impacts of climate
change;

e Set adaptation research priorities based on these gaps;
o |dentify capacity that can be harnessed or that needs development in order to perform priority
adaptation research.
In defining research priorities, the following criteria shall be taken into consideration:
o Severity of potential impact or degree of potential benefit
o Immediacy of required intervention or response
e Need to change intervention or practicality of intervention

¢ Potential for co-benefit

* The needs and gaps addressed by these measures are partially the same as those addressed by the previous measure.
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e Potential to address multiple, including cross-sectoral, issues

In addition, the engagement of all relevant stakeholders in the definition of the research priorities shall be
assured, following a collaborative research approach, in which the priority research topics will help meet
key stakeholder information needs. In this context, as for the definition of indicators in the previous
measure, the policy relevance and the materiality of the purpose of the research shall be crucial in the
definition of priorities.

The work undertaken under this measure should be mindful of the work being done under the Measure
Promote Cooperation among Scientific Institutions and Enhance the Science-Policy-Implementers Link

In the scope of this measure, the following activity is to be implemented:
1. Elaborate a research plan for biodiversity, including agrobiodiversity, and climate change
Human Health

Restore and improve the system for the collection of air-climate-health data, including the platform for
sharing it with the public

This measure specifically aims at addressing a need identified during the elaboration of this strategy,
related to the unsustainability of the solution previously implemented for assuring a real time
communication among the key health-meteorology organizations.

Accurate real-time or close to real-time data and the capacity to make information (such as alerts for events
such as heat or cold waves or exceeding of air quality thresholds) available to the wider public is key for
the adaptive capacity in the human health sector.

Republic of North Macedonia’s capacity in the area of interaction between climate change and human
health is high, nonetheless efforts are required to restore it to previous levels, namely through bringing
back online the communication platform among the Hydrometeorological Service, the Public Health
Institute and the general public.

Furthermore, the integration of relevant meteorological/climatological, air quality and health data (including
morbidity and mortality) is fundamental to allow for an adequate response to the public health emergencies
accruing from climate change in the present and in the future.

In the scope of this measure, the following activities are to be implemented:
1. Define technical specifications for the server required to restore the existing automated platform
2. Define the technical specifications for improving the platform, including:

a. Selection of meteorological, air quality and public health parameters

b. Identify data needs and gaps

c. lIdentify needs to strengthen the system for data collection, analysis and dissemination
(including weather and air quality stations and procedures for the reporting and morbidity and
mortality associated with weather events)

3. Prepare a roll out plan, including, if relevant, the definition of a phased approach for implementation
4. Prepare the Terms of Reference for the acquisition of hardware and software
Socio-economic vulnerability

Define and develop a system to monitor socio-economic vulnerability to climate change

This measure specifically aims at addressing the following needs and gaps identified in the Third National
Communication:

¢ Inaccurate statistical data for some statistical units, particularly at the settlement level, because the
Census of Population, Households and Dwellings was not conducted in 2011.
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e Certain data in the field of health, social care, employment, etc., are not available at the municipal
level due to the method of processing and disclosure of relevant institutions. The above information
is processed and disseminated at the level of 30 centres. The official statistical data on incomes
and expenditures of households, poverty, socially excluded groups and related indicators are
available only as totals for the Republic of Republic of North Macedonia as a whole and are not
disaggregated.

o Comparability of data over time is not possible due to changes in applied methodology and changes
in the administrative divisions in which the census data are published.

e Limiting factors meant that the composite socio-economic index could not include indicators on the
economic situation of the population, such as the unemployment rate and the level of household
income.

The assessment of socio-economic vulnerability to climate change involves assessing the vulnerability of
a region to a hazard based only on its social and economic status. It is the probable vulnerability of a place
and its people to a hazard. It is assumed that better the socio-economic status of a place (meaning, of a
people, of a community), lesser will be its vulnerability towards disasters, and better and faster will be its
coping mechanisms.

An index-based vulnerability assessment is a comprehensive tool that helps in comparing and ranking
areas, cities, regions or communities in terms of vulnerability, thus facilitating priority setting and the
definition of adaptation measures targeted at the specific vulnerabilities of each community. These
rankings are to be developed by combining indicators, to which different weights may be attributed
depending on its contribution to the community’s vulnerability. These composite indices reduce complex
information from multiple variables to a single variable, thus facilitating the policy and decision-making
process.

Indicators of social and economic status can include the region’s per capita income; demographic structure
(e.g. percentage of less privileged or dependent population like women, children, elderly and disabled);
availability and extent of access to public amenities (e.g. institutional stability and strength of public
infrastructure).

The collection of the required data needs to be done in a systematic way, ensuring that priority is given to
key indicators to be identified in the scope of the activities to be performed under this measure.

Activities

1) Define policy relevant key indicators for evaluation of the socio-economic vulnerability to the impacts
of climate change

2) Define parameters and rules for the establishment of community-specific indexes

3) Determine data needs and gaps for the accurate socio-economic characterization of the impacts of
climate change

4) Identify data providers

5) Establish a system for the periodic, systematic and consistent collection of data

In order to achieve Specific objective 6: To increase the resilience of climate change impacts of key
socio-economic sectors and ecosystems, the following measure is defined.

Prepare the National Adaptation Plan (NAP)

The preparation and adoption of the National Adaptation Plan, in accordance with the technical guidelines
for the national adaptation plan process prepared under the United Nations Framework Convention on
Climate Change (UNFCCC), will endow Republic of North Macedonia with the required tools to implement
key adaptation measures to reduce vulnerability and increase resilience to climate change.
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The NAP should take into consideration the climate scenarios, vulnerability and impact assessment and
the adaptation measures contained in the most recent national communication to the UNFCCC.

The activities for the preparation of the NAP are to be planned and implemented in accordance with the
international requirements under the UNFCCC and in accordance with the project submitted to the Green
Climate Fund.
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6. EDUCATION, AWARENESS RAISING, RESEARCH,
DEVELOPMENT AND INNOVATION

6.1 Legal and policy framework

The national educational, research and development (R&D), and innovation aspects are defined in the
following legal acts:

e Law on the Scientific and Research Activities (2016) with National Programme for Scientific, R&D
Activities,

o Law on Encouragement and Support of Technological Development with National Programme, for
Encouragement and Support of Technological Development (2012-2015), repealed wit Law of
Innovation Activity (2015),

e Law on Higher Education (2018), with National Strategy for Education (2018-2025).

Issues related to innovation and technology transfer (TT) policy goals are regulated by the following legal
acts:

e Law of Innovation Activity of the Republic of Republic of North Macedonia (2015),
e Innovation Strategy of the Republic of Republic of North Macedonia (2012-2020),
¢ Industrial Policy of the Republic of Republic of North Macedonia (2009-2020),

e Strategy of competitiveness (2016-2020),

e Policy of Small and Medium Enterprises of the Republic of Republic of North Macedonia (2018-
2022),

e Industrial Strategy of the Republic of North Macedonia (2018-2027),
e Regional Strategy for Innovation R&D of Western Balkans (2014).

The Ministry of Education and Science is the nationally designated entity for R&D policy, as well as
responsible national entity for financing, development and promotion of science, R&D, technological
development and informatics.

6.2 Overview of the state of climate mainstreaming in
the educational system, R&D, and innovation

Climate change and some aspects of sustainable development are, to a certain extent, incorporated in the
educational curriculum of some national academic institutions. However, climate is still not adequately
incorporated in the overall national educational system. Four public universities and their faculties, as well
as some private universities, have undergraduate and postgraduate programmes related to climate change
and sustainable development.

The interest for these studies is continuously growing. National authorities should aim at continuously
improve the educational curriculum and to establish links with foreign educational institutions working on
climate and sustainable development issues. This would enable the exchange of good practices, improve
the national educational curriculum, as well as create opportunities for Macedonian faculty and students
to spent time working or studying in internationally recognised academic centres.

Education, R&D and innovation are very important national drivers to mainstream climate action. Currently,
there is no systematic approach to foster climate aspects on all levels of the educational system. However,
the country has made significant investments to support national academic institutions and the scientific
community dealing with climate research.
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It is fundamental to mainstream climate change related aspects into future national strategic planning
documents related to education, R&D and innovation. This would assure the systematic and harmonised
integration of climate related aspects into the national educational, R&D and innovation ecosystem, as well
as increase educational and research capacities and climate awareness. The most important national
strategic documents that should integrate climate related aspects are the future National Strategy for
Education and the National Innovation Strategy.

The strategic integration of climate change at all levels of the educational system should include the
provision of additional funding for climate related research activities, to raise public awareness, and to
establish centres of excellence and research institutes.

The country is considered the most prominent and experienced in the region when it comes to national
capacities for reporting towards the UNFCCC. Besides, Republic of North Macedonia was the first country
of the Energy Community Contracting Parties to submit its National Energy and Climate Plan. The MoEPP
and the UNDP, as a supporting partner of the Ministry when it comes to reporting towards the UNFCCC,
made efforts to institutionalize cooperation with certain research and educational institutions in order to
assure a long-term partnership and continuous support to the government regarding climate change
issues.

However, a lot more has to be done to assure that the R&D community will be well positioned to support
national authorities in the processes of informed decision making and evidence-based policy creation.
Climate mainstreaming in the country may be significantly improved by enhanced institutional capacities
and the establishment of sound mechanisms for inter-sectoral cooperation. Currently, the climate
capacities of the MoEPP are limited, especially in terms of technical expertise for reporting towards
international organisations, as well as for monitoring and reporting of policies, measures and projections.

When it comes to innovation in the field of climate change, many things have been initiated and
implemented in the last few years. The Fund for Innovation and Technology Development was established
in 2017 and a Support Instrument of the Fund was launched in order to support innovative and improved
technologies, know-how and technology processes, and to encourage different forms of collaboration
among small and medium enterprises (SMEs), business associations, clusters and/or chambers of
commerce.

However, the capacity need assessment” done in the framework of the Project has also demonstrated that
all line ministries need capacities and knowledge to be fully capable to integrate climate change aspects
into their sectoral plans and programs. This means that climate consideration should be brought higher on
the political agenda of the Government in order for the country to allocate the necessary funds to engage
additional human capacities at all levels.

6.3 Climate awareness in the country

According to the Third Environmental Progress Review of Republic of North Macedonia, and in line with
the observations of the Project team, overall climate awareness in the country remains limited. The lack of
financial and human capacities for the systematic support of climate awareness raising in the country limit
the outreach of the MoEPP. Currently, most climate related awareness raising activities are supported by
donor funded initiatives.

Awareness-raising should be a horizontal priority in all policies and measures used to promote climate
action in Republic of North Macedonia. Growing societal awareness and appreciation can drive
enhancement of socio-cultural and/or environmental values in the context of climate change and build up
momentum for overarching climate mitigation and adaptation action.

The Project team considers that climate awareness is exceptionally low among the general public, but
sufficient at institutional level. The comparatively higher degree of awareness among institutions might be

Report on institutional analysis and assessment of administrative capacity needs for climate action.
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explained by the extensive efforts of national authorities, the donor community and NGOs, which have
worked on issues related to climate in the country for more than 10 years.

Climate action is necessary to promote nature conservation, innovation, and sustainable development.
The awareness-raising process should be systematic and build society and policy-makers’
knowledgebase, contributing to mainstreaming climate action and ensuring that policy options are
optimised.

Climate action’s success ultimately depends on the engagement of all stakeholders. Intensive science-
policy dialogues and new approaches and tools to involve the public and business sector are essential to
raise climate awareness and successfully implement climate action in the country.

The Strategy defines measures for climate mitigation and adaptation directed to the public. These
measures aim to make climate change education a central and visible element of the international
response to climate change. Climate change education would increase climate literacy, raise awareness,
and strengthen relevant national capacities.

6.4 Measures for enhanced climate mainstreaming in the
education, R&D, innovation, and awareness raising

The Third Environmental Performance Review of Republic of North Macedonia was published in 2019.
This review report made a comprehensive evaluation of the state of climate mainstreaming and climate
awareness of the country, as well as the state of the education sector regarding the integration of
sustainable development aspects.

This Strategy reiterates the Recommendation 7.7 of the Third Environmental Performance Review of
Republic of North Macedonia, as it follows:

The Government should:

(a) Regularly and systematically implement measures aimed at raising awareness on climate-change-
related issues;

(b) Ensure that climate-change-related issues are integrated into primary, secondary and tertiary curricula.

In addition, this Strategy recommends the implementation of an expanded list of measures for enhanced
climate mainstreaming in the sector Education, R&D, innovation and awareness rising. The additional
measures are divided among the following two categories:

a) Primary set of measures to be implemented by the Government and relevant Ministries
» Mainstream climate change related aspects into the forthcoming National Strategy for
Education.

» Mainstream climate change related aspects into the forthcoming National Innovation
Strategy.

» Mainstream climate change related aspects into the forthcoming National Strategy for
Gender Equality.

» Implement the capacity building activities foreseen under the draft Action Plan for
Administrative Capacity Strengthening for Climate Action.

» Develop an action plan for the introduction of climate related education into the curricula of
all education levels and in lifelong learning, teacher education and in-service training.

» Develop a national programme for climate awareness raising.

Establish a coordination mechanism on climate change education among all relevant
stakeholders.

» Allocate resources for the implementation of climate change education activities on all
educational levels.
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