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1. Introduction
This study explores the present and future alternatives for moving towards lowcarbon electricity production in the Republic of Macedonia. In a broader sense, we
aim to assist the deepening of local and international NGO capacity for addressing
energy system issues, while creating the space for a public debate about future
energy development in the country that takes into account latest technical and
policy innovations in the domains of low carbon electricity generation and energy
efficiency improvements. The study is also motivated by the course of recent
demographic and economic trends in the country, which may suggest the need for
a fundamental rethink of some of the strategic documents and policies that have
guided Macedonia’s energy sector transformation to date.
The study draws much of its information from a recently-published report titled
‘ELEM, FYR Macedonia: Technical and Economic Review of Lower Carbon
Alternatives for Power Capacity Increase’, produced by the company ÅF
MERCADOS EMI and funded by the European Bank for Reconstruction and
Development (ÅF MERCADOS EMI 2013). We critically review the scope, evidence
base and assumptions used by this report, as well as the scenarios for future
energy development proposed by its authors. Our study also emphasizes the
potential investment opportunities in low carbon options not considered by the
ÅF MERCADOS EMI report, in addition to the benefits that might be brought about
by the promotion of an environmentally sustainable process of energy
consumption and production. In order to achieve this, we use evidence from a
range od independent sources, including studies published by the World Bank,
Macedonian Academy of Sciences and Arts, the International Monetary Fund,
USAID, as well as various experts (Bouzarovski et al. 2011, Ćosić et al. 2012, ÅF
MERCADOS EMI 2013, Ministry of Economy 2010a, Bertoldi et al. 2006, Tieman
2010, Tirado Herrero and Ürge-Vorsatz 2012, USAID 2009, World Bank 1998).
The text that follows commences with an overview of the current state of the
energy sector in Macedonia, taking into account the historical legacies, technical
features and socio-environmental aspects of ongoing practices of energy
generation, transmission and demand. These are subsequently contrasted with
the subject matter of the ÅF MERCADOS EMI report, so as to point out areas where
coverage of low carbon generation options is deficient, adequate or extensive. We
then investigate the scenarios proposed in the same report, highlighting
dimensions that could allow for a more substantive consideration of
decarbonization-orientated policies. The final part of the study proposes
scenarios of its own, to supplement alternatives already suggested and considered
in the Macedonian policy context.
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2. Producing and consuming energy in Macedonia: Salient
features
The current pattern of energy production and consumption in the Republic of
Macedonia is the product of a specific combination of natural and historical
circumstances. The country had a low level of industrialization and very few
modern electricity generation facilities prior to World War Two. The development
of its energy sector, therefore, took place under the auspices of communist central
planning and was largely influenced by the political ideologies and economic
policies advanced by this system. This meant that the country had a highly
inefficient and centralized network, with an organizational structure that was
dominated by state-owned and government-controlled utilities that were also
vertically and horizontally integrated. Prices for energy were kept artificially low,
and tariffs for households were, in effect, indirectly subsidized by those charged
to industry (Bouzarovski 2013).
Also of relevance in this context is the specific physical environment of the
country, which is characterized by the lack of extensive hydrocarbon resources
with the exception of relatively low-grade lignite. Macedonia does have the
potential for renewable energy production, however, including hydropower,
solar, geothermal and wind. Of these, only hydropower resources were developed
during socialist central planning to a significant extent, mostly via a number of
conventional hydroelectric plants backed up with reservoirs. Numerous smaller
run-of the river plants were also constructed (albeit with a total installed capacity
of less than 40 MW), in addition to the modest use of geothermal energy for heat
purposes. No commercial solar or wind power plants were constructed during this
period. Also of significance was the DH network in the capital Skopje, fired with
heavy fuel oil and with a total capacity of almost 500 MW (a smaller DH system
also existed in Bitola, Macedonia’s second largest city).
The last twenty years have seen a dramatic restructuring of the country’s energy
sector. This has been marked by the liberalization and unbundling of the former
state-run electricity utility, accompanied by increasing energy prices. An
independent regulatory body has been set up, in addition to a government-run
Agency for Energy responsible for the development of strategic policy
frameworks and programmes, while supporting energy efficiency and renewable
energy sources. Nevertheless, the country has seen little investment in the energy
sector, with nearly all efforts being directed towards the production side. These
have included:
-

The construction of a gas pipeline linking Macedonia with Bulgaria, and
then onward with Russia. The pipeline was largely underused during the
first 10 years of its operation, but this situation has begun to change
recently thanks to the construction of two new gas-fired CHP plants in
Skopje, with a total capacity of 250 MW (see Table 1). Also contributing to
the rising gas demand in the country has been the conversion of Skopje’s
DH network towards gas, as well as the increased uptake of this source in
industry.
4
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-

Continued improvements to the electricity transmission and distribution
system, resulting in a relatively stable grid that can support significant
imports and exports of electricity in relation to country’s total energy
demand (see Figure 1).

-

The construction of several new hydropower plants, most notably the 80
MW Kozjak station and its associated reservoir – the largest in the country.

Table 1: Power generation capacity and production in Macedonia, 2011 (ÅF
MERCADOS EMI 2013)
Source
Hydropower
Globochica
Shpilje
Kozjak
Tikvesh
Vrben
Vrutok
Raven
Sv. Petka
Small hydro
Thermal power
Bitola (1+2+3)
Oslomej
Negotino
CHP Kogel
CHP Skopje
Solar PV
TOTAL

Capacity (MW)
610.4
(42)
(84)
(80)
(116)
(12.8)
(168)
(21.6)
(36.4)
(49.6)
1,284.4
(699)
(125)
(210)
(220)
(30.4)
1.6*
1,894.8**

Production (GHw)
1,469
(unknown)

4,858
(4,784)
(74)
(unknown)*
6,327**

* According to the Macedonian Energy Agency, there are 35 registered
photovoltaic plants in the country at the moment, with a total installed capacity of
7.8
MW
and
a
planned
annual
output
of
9854
MWh
(http://www.ea.gov.mk/index.php?option=com_content&view=article&id=679&
Itemid=124&lang=mk).
** Not including PV
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Figure 1: The Macedonian transmission system (Map by Stefan Bouzarovski).

Table 2: Cross-border trade in electricity relevant to the Macedonian energy
sector (ÅF MERCADOS EMI 2013)
Type of flow
Imports
Bulgaria
Serbia
Greece
Exports
Bulgaria
Serbia
Greece

GWh (2011)
4,169
2,918
1,144
107
1,548
0
59
1,489

There has also been a proliferation of analytical reports, policy frameworks and
other regulatory documentation aimed at setting the country’s strategic priorities
in the energy sector and moving towards a more efficient and decarbonized
energy system. However, most of these documents have failed to deliver
6
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fundamental policy changes to the energy sector, which has been characterized
by:
-

An overall increase in energy demand as a result of economic growth and
improved living standards, alongside the lack of systematic energy
efficiency measures in the industrial, commercial and household sectors
(Bouzarovski et al. 2011);

-

A rise in the use of electricity across the board but especially in the
residential sector (see Figure 2), due to the continued presence of crosssubsidies for this energy source, the lack of available alternatives at the
household level, as well as the persistent expansion and pervasive
presence of energy poverty. This has resulted in high peak loads and an
increased need to import electricity (ÅF MERCADOS EMI 2013);

-

The decline of district heating, as evidenced by the closure of the Bitola
network and mass disconnections from the Skopje system (Analytica
2012);

-

The insufficient development and uptake of renewable energy
technologies.

Figure 2: Structure and growth of electricity consumption in Macedonia, in GWh
per year (ÅF MERCADOS EMI 2013)
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3. Thematic scope of the ÅF MERCADOS EMI report
The ÅF MERCADOS EMI report is based on the premise that Macedonia needs to
increase its power generation capacity as a result of ‘growing energy demand of
the country, the deficit in domestic energy generation and the need to improve the
power sector performance to comply with stricter environmental requirements
set as conditions in the accession process to the EU’ (ÅF MERCADOS EMI 2013, 4).
The report commences with a review of the current electricity generation
situation in the country, by describing the structure and design of the power
market, which is characterized by a limited number of actors, and a low degree of
market opening. The country’s target to introduce market prices for electricity
and natural gas for the residential sector by 2015 is also outlined, as well as the
provisions brought about by recent legislation. There is a discussion of the power
generation mix – three-quarters of which are dominated by coal-burning thermal
generation, with another quarter provided by hydro. The report then reviews the
structure of electricity imports and exports – the former have provided nearly a
third of total consumption in recent years – as well as the main physical features
of the transmission system.
Several pages of the report are devoted to a review of electricity demand trends
and patterns. The authors commence by pointing to the differentia specifica of the
Macedonian energy sector in this regard: that ‘electricity demand will probably
grow below the country’s economy (because of energy efficiency gains) and it
needs peak generation capacity to meet the maximum load’ (ÅF MERCADOS EMI
2013: 5). The report also emphasizes the high economic intensity of energy
demand, which ‘cannot be explained solely by the presence of energy intensive
industry’ (ibid) as well as the dominance of the residential sector in the final
consumption profile. The persistent increase of electricity demand in the country
during the past 10 years is also noted here, with 43 per cent of this rise during the
past 5 years being accounted for by services. Following a brief discussion of the
high peak load that characterizes the Macedonian energy system, some attention
is paid to demand forecasts until 2030. These are based on officially published
policy documents in the country, such as the Strategy for Energy Development in
the Republic of Macedonia until 2030 and the National Energy Efficiency Action
Plan. Also considered here is a study on the Development of the Transmission
Network in Macedonia by the transmission network operator AD MEPSO. All three
documents foresee relatively modest energy efficiency gains from measures such
as building retrofits, new codes in the residential and commercial sectors, and the
introduction of CHP in industry.
This report then explores the options for the expansion of power generation in the
near future. The state-owned power generating company (ELEM) has plans to
increase its hydropower capacity by 762 MW by 2017, with additional
investments of 300 MW in a gas-fired CHP plant and 40 MW in a wind farm. Of
special importance in the context of future power generation trends, however, is
‘Directive 2001/80/EC of the European Parliament and of the Council of 23
October 2001 on the limitation of emissions of certain pollutants into the air from
large combustion plants’ - see Box 1). The provisions embedded within this
8
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regulatory document mean that the country’s five thermal power generating
plants will have to undergo significant modernization in order to ensure
compliance.
Box 1: The Large Combustion Plant (LCP) Directive
This regulatory document aims to reduce emissions of acidifying pollutants,
particles, and ozone precursors. It pertains to emissions from large combustion
plants – those whose rated thermal input is equal to or greater than 50 MW – in
order to combat acidification, eutrophication and ground-level ozone, within an
overall strategy to reduce air pollution.
The Directive entered into force on 27 November 2001. It replaced the old
Directive on Large Combustion plants (Directive 88/609/EEC as amended by
Directive 94/66/EC). It legislates that Plants licensed after 26 November 2002
have to comply with the (stricter) emission limit values for SO2, NOx and dust
fixed in part B of the Annexes III to VII. At the same time, plants licensed on or
after 1 July 1987 and before 27 November 2002 have to comply with the (less
strict) emission limit values fixed in part A of the Annexes III to VII.
The Directive also sees to mechanisms through which ‘existing plants’ (licensed
before 1 July 1987) can meet its targets by January 2008. This includes individual
compliance with the same emission limit values as established for the plants noted
above, or through a national emission reduction plan (NERP) that achieves overall
reductions calculated on the basis of those emission limit values.
Source:
http://ec.europa.eu/environment/air/pollutants/stationary/lcp/legislation.htm
The report then moves onto the options for increasing Macedonia’s renewable
energy supply. Once again, the discussion is based on the government’s Energy
Strategy (Ministry of Economy 2010) and the Simplified Renewable Energy
Sources Action Plan submitted to the Energy Community as part of the country’s
statutory obligations towards this document. These frameworks provide highly
conservative estimates with regard to the possibilities of renewable energy
development beyond conventional hydropower: The upper limit at which solar
PV-generated electricity is foreseen to be generated by 2030 is only 56 GWh per
year, with a predicted maximum of 720 GWh/annum for the equivalent period in
the case of wind. The strategy does set much more ambitious targets for
hydropower (with an upper limit of 4410 GWh/annum by 2030, including 710
GWh/annum in small-scale plants). Biomass and biogas are expected to provide,
respectively, no more than 70 and 45 GWh/annum by this year.
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Table 3: Planned hydropower plants in Macedonia (Ministry of Economy 2010,
ÅF MERCADOS EMI 2013)
Plant
Boshkov Most
Galishte
Gradec
Chebren
Crn Kamen/Lukovo
Pole
Revitalization
of
hydropower plants
Veles
10 plants in the
Vardar valley
Small hydro
Total

Installed capacity (MW)
68
193.5
54
333
5

Annual production (GWh)
117
264
252
340/840
163

18.3

unknown

89
176.8

300
784

100
1037.6

267
2487/2987

The report also provides a brief discussion of future transmission developments
(such as the construction of new high-tension links with Serbia, Albania and
possibly Kosovo), as well as the implications of EU accession, which may be
associated with clauses that ‘include protection of domestic energy sources and
slower application of the European Trading Scheme of greenhouse gases’ (page
27). Subsequently, a more detailed consideration of estimates of future electricity
demand is provided – a process that, as admitted by the authors, involves
‘significant uncertainties’. In order to set a baseline for further modeling and
scenario development, the report uses the parameters defined in the
government’s Energy Strategy, adjusted for an anticipated decrease in network
losses and more recent developments in energy demand. According to this
estimate, total electricity demand is expected to grow to approximately 14 TWh
per year by 2030. Also considered is a more ‘optimistic’ scenario, involving higher
economic growth – in this case, total electricity demand would grow to 16 TWh by
2030.
The baseline for the scenarios developed by the report also rests on a series of
presuppositions about the course of future energy supply. In the main, it is
anticipated that CHP Energetika will not be built at all, and hydro capacity until
2030 will not expand beyond the additional 762 MW that are currently in the
operational plan for 2017. As evidence for these assumptions the authors cite
work by USAID and the Macedonian Academy of Arts and Sciences (ÅF MERCADOS
EMI 2013: 36), which refers to delays in the construction of recent hydropower
projects; yet the reasons for the cancellation of CHP Energetika are not mentioned,
even though this project remains in the state-owned generation company’s official
operational plan. The prediction for non-hydro renewable energy is also highly
pessimistic (only 30 MW by 2020, which is less than the planned wind park in
Bogdanci, increasing to 360 MW in 2030). It is expected that the three thermal
10
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power plants in Bitola will remain operational until 2030, while the remaining two
at Oslomej and Negotino being shut down by 2024.
The report dedicates a very large part of its investigations to the ‘fuels’ available
for future energy supply. This discussion sheds further light on some of the
assumptions made by the authors in the definition of the baseline scenario and
possible alternatives:
-

In the case of coal, the authors have undertaken an extensive review of
existing studies about the availability of lignite at the eastern fringe of the
Pelagonia basin, which hosts the three Bitola power plants. Despite the
great uncertainties involved, the overall conclusion is that even if two new
lignite mines were to be opened in the region, Macedonia would still need
to start importing coal from 2025 onwards. Imports would contribute to
more than half of the country’s total electricity production beyond 2030. It
is also important to note that the two new mines would involve
underground operations, with which the country has no experience to date.
Also, an increase in the price of such locally-sourced lignite is anticipated
due to the higher cost of ‘coal production in the new mines and transport
with longer distances / on rough terrain’ (Ministry of Economy 2010: 36);

-

In the case of gas, the report foresees that the country ‘would need to
increase its gas import capacity in order to be able to supply new gas fired
electricity generation capacity’ (Ministry of Economy 2010: 46) . This is
despite the fact that, as indicated by the authors, only 13 per cent of the
current gas pipeline is used at the moment. An extrapolation of the
significant growth in natural gas demand seen in recent years forms the
main basis for the assumption that there will be insufficient import
capacity, in addition to the expectation that CHP Energetika – whose
construction is deemed improbable in the previous part of the report – will
be built. The cost estimate for the new pipeline is based on a gas price of 30
€/MWh, even though this figure is higher than the price charged to final
consumers in neighbouring Bulgaria, and the authors expect Macedonia’s
high gas prices to fall with the liberalization and integration of European
gas markets.

-

Biomass is also briefly considered in the report, using data from the
strategies issued by the Macedonian Academy of Sciences and Arts, and
other independent work. Once again, this is a field where significant
uncertainty exists due to the lack of data and unclear path of future trends.
While the former estimates that up to 70 GWh in electricity and 120 – 180
GWh heat can be generated at biomass-fired cogeneration plants, the latter
has issued estimates of up to 1000 GWh for electricity production only. In
any case, the development of this energy resource requires the careful
planning and establishment of supply chains.

-

The ÅF MERCADOS EMI report provides very little data on other renewable
energy sources beyond the information contained in the renewable energy
strategy developed by the Macedonian Academy of Sciences and Arts. The
11
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justification for the aforementioned estimates on wind and small-scale
hydro is sourced from the investigations undertaken as part of the
Academy’s work. At the same time, it is emphasized that ‘Macedonia's
potential for solar energy seems rather solid but the conditions are not
equally good as, for example, in the Mediterranean countries’. The
development of new generation capacity that can utilize this resource is
not considered at all.
Unusually for a document with the subheading ‘Lower carbon’, the report then
devotes significant attention to the technical and economic criteria that would
inform the various alternatives for expanding thermal power generation. Inter
alia, this part of the report does mention that Macedonia would need to meet the
EU directive on the assessment of the effects of certain public and private projects
on the environment and its amendments (85/337/EEC, 97/11/EC, 2003/35/EC,
so called EIA directive, see Box 2) and the directive concerning integrated
pollution prevention and control (in the document this is noted as 96/61/EC –
however this has been replaced with a range of newer directives more recently,
see Box 2) in addition to the aforementioned Large Combustion Plants Directive
(in Box 1). The authors point out that Macedonia’s accession to the European
Union would also lead to the implementation of emissions trading practices, which
do ‘not involve constraints but imposes costs on carbon dioxide emissions’ ((ÅF
MERCADOS EMI 2013, 50). Following a lengthy discussion of the different
technical options for coal-based power generation technologies, the report briefly
discusses the costs associated with building a combined cycle gas turbine plant
(possibly diesel-fired), individual gas turbines or a biomass CHP. Even though the
emissions in such units are estimated to range between one third and one half of
those in their lignite-fuelled counterparts, the technical discussion once again
returns to the latter. At one point, the authors consider the option of a solar
thermal system in a 300 MW coal-burning power plant; even though this option is
expected to lead to a 1 per cent increase in efficiency, it is dismissed as technically
and economically unfeasible due to its cost and complexity.
Box 2: The EIA Directives and the IPPC Directive
The first EU-level Environmental Impact Assessment directive has been in force
since 1985 and applies to a wide range of defined public and private projects. It
involves ‘Mandatory EIAs’ for project listed in Annex I of the directive, and
considered as having a significant effect on the environment (e.g. ‘long-distance
railway lines, motorways and express roads, airports with a basic runway length
≥ 2100 m, installations for the disposal of hazardous waste, installations for the
disposal of non-hazardous waste > 100 tonnes/day, waste water treatment plants
> 150.000 p.e.’). At the Discretion of Member States, and for projects listed in
Annex II, the national authorities have to decide whether an EIA is needed. A
‘screening procedure’ is used for this purpose: it determines the effects of projects
on the basis of set thresholds and criteria, or a case by case examination.
The original 1985 directive has been amended three times: in 1997, in 2003 and
in 2009. First, Directive 97/11/EC brought the Directive in line with the UN ECE
Espoo Convention on EIA in a Transboundary Context. This allowed the original
12
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directive to be widened and new screening requirements to be put into place.
Second, Directive 2003/35/EC sought to align the provisions on public
participation with the Aarhus Convention on public participation in decisionmaking and access to justice in environmental matters. Third, Directive
2009/31/EC amended the Annexes I and II of the EIA Directive, by adding projects
related to the transport, capture and storage of carbon dioxide (CO2).
The initial Directive of 1985 and its three amendments have been codified by
Driective 2011/92/EU of 13 December 2011. The commission adopted a proposal
for a revised Directive after a consultation process in 2012.
The IPPC Directive requires industrial and agricultural activities with a high
pollution potential to operate under a permit that can only be issued if certain
environmental conditions are met, so that the companies themselves bear
responsibility for preventing and reducing any pollution they may cause.
Integrated pollution prevention and control concerns new or existing industrial
and agricultural activities with a high pollution potential, as defined in Annex I to
the Directive (energy industries, production and processing of metals, mineral
industry, chemical industry, waste management, livestock farming, etc.). The
Directive 2008/1/EC is replaced by Directive 2010/75/EU on industrial
emissions. However, its provisions remain applicable until 6 January 2014.
Sources:
http://ec.europa.eu/environment/eia/eia-legalcontext.htm;
http://europa.eu/legislation_summaries/environment/waste_management/l28
045_en.htm.
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4. Developing a low carbon energy sector in Macedonia
Overall, the ÅF MERCADOS EMI report is based on a pessimistic reading of the
possibility for energy demand reduction and renewable energy demand
strategies. The baseline scenario in the report foresees a steady rise in electricity
consumption until 2030, in line with the predictions made by the Macedonian
Academy of Sciences and Arts. This estimate can be challenged on several counts.
Macedonia’s energy intensity is very high when compared to European countries.
On average, the Macedonian economy needed 45 per cent more primary energy
than an EU-15 member state to produce the same unit of GDP in 2012
(http://www.iea.org/stats/prodresult.asp?PRODUCT=Indicators). This suggests
that significant savings are available in the industrial, commercial and household
sectors alike. In contrast with more advanced post-socialist European countries
such as the Czech Republic and Poland, Macedonia’s industrial electricity
consumption has been increasing in recent years. Between 1990 and 2010, the
amount of electricity demanded by large industry increased by nearly 40 per cent,
from 976 GWh/year to 1359 GWh/year (Tieman 2010). Industrial consumption
as a whole went up by nearly a third, from 1519 GWh to 2010 GWh per year
(Eurostat, 2013). As a result of such trends, Macedonia’s energy intensity
measured in PPP power terms increased between 1990 and 2006, while OECDmember states in Europe decreased this figure by 25 per cent (Ministry of
Economy 2010: 49). Indeed, when considered in 2005 PPP US Dollar, terms, it
seems that Macedonia made a very modest improvement in the energy intensity
of its economy compared to more developed republics in the former Yugoslavia
(see Figure 3).
Figure 3: Change of energy intensity in Macedonia between 1992 and 2010 (total
primary energy supply in ton of oil equivalent per million units of PPP-adjusted
GDP in 2005 US dollar terms) compared to the EU-15 and the average of the two
former Yugoslav republics that are EU members.
Source: http://www.eia.gov/cfapps/ipdbproject/iedindex3.cfm?tid=92&pid=46&aid=2
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Most of Macedonia’s electricity demand is concentrated in private households.
During the past 10 years, residential consumption has accounted for
approximately half of the country’s total electricity demand. Overall, there has
been an 8 per cent increase in household electricity consumption between 2001
and 2010. At the same time, the residential sector remains highly inefficient in its
energy use, due to the inadequate implementation of building codes (which are
insufficient to begin with), an ageing housing, appliance and heating stock, as well
poor labeling and standards for energy consumption units in the home (USAID
2009). It is reasonable to suggest that the can be overcome with a programme of
deep retrofit accompanied by far-reaching measures of market transformation
(Tirado Herrero and Ürge-Vorsatz 2012, Ü rge-Vorsatz et al. 2010). The same holds
true for the services sector, which has seen a growth in energy demand of 43 per
cent between 2001 and 2010 (Eurostat 2013). It is worth noting that a country
like the Czech Republic, which achieved annual GDP growth rates up to 7 per cent
between 1990 and 2010 saw average electricity consumption rise by 2.7 per year
on average during this period, mainly due to extensive programmes of energy
efficiency improvement in these sectors (ABB 2013). At the same time, it is worth
noting that Macedonia’s population is decreasing faster than anticipated in the
Energy Strategy – according to some estimates, at least 230,000 people may have
immigrated from the country during the last few years, and this trend is likely to
continue in the future (Balkan Insight 2013). The seasonal nature of this
immigration – many migrants return to the country during summer and winter
holidays – further underscores the need for developing a generation system that
can cope with high oscillations in demand.
15
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The contribution of other forms of energy to the reduction of electricity demand
in households is also underestimated in the ÅF MERCADOS EMI report. It is
believed that between two thirds and 80 per cent of residential energy
consumption is devoted to space heating and cooling (Analytica 2012, World Bank
2012). The increased use of solar thermal power, district heating, natural gas, heat
pumps, geothermal energy and biomass may all contribute to changing the profile
of electricity consumption in this regard (see Box 3).
Box 3: Alternative energy scenarios for Macedonia
Of note in the domain of future energy demand forecatss is the World Bank’s
recent work in Macedonia in this domain. Using the MARKAL energy supply
optimization model, the Bank’s project team determined the optimal mix of
various energy resources to meet projected energy demand consistent with
resource, technological and other constraints for the 2010-2050 period. The study
first developed a reference scenario which estimated that Macedonia will need a
total estimated investment of €5,303 million (or €135 million per year) over the
next 40 years in the power sector. Several cleaner technologies for electricity
generation were then considered under the green growth scenarios. The ‘green
scenario’ developed in this instance included: (i) refurbishment of existing
thermal power plants to improve their efficiency by 2 percent, (ii) 463 MW of new
hydropower plants in addition to the 813 MW added in the reference scenario
over the next 40 years, (iii) 360 MW of wind power plants in addition to the 670
MW added in the reference case. This scenario found that Macedonia would save
around € 2.2 million in power supply costs each year while reducing 133 thousand
tons of CO2 emissions each year over the next 40 years.
In addition, the study used the Energy Forecasting Framework and Emissions
Consensus Tool (EFFECT) to develop scenarios through 2050 for energy
consumption in Macedonia. The reference case in the scenario expected an overall
rise in demand for electricity at a rate of 1.6 percent per year for households and
1.7 percent for non-residential buildings. Under a green scenario, however,
savings of annual electricity consumption are projected to be 15 percent in 2035,
rising to 22 percent under a ‘super-green scenario’. The industrial sector offers
the largest savings potential because of its relatively rapid growth and because of
its ongoing motivation to reduce costs. It accounts for more than 40 percent of
potential savings. The household sector is currently the greatest consumer and
can contribute another 40 percent of total savings, while non-residential buildings
may account for about 20 percent. The study proposes a range of measures that
can be used to facilitate increased energy efficiency.
Source: http://web.worldbank.org/archive/website01354/WEB/0__CO-40.HTM
Taken together, such factors suggest that ÅF MERCADOS EMI assumptions for the
base scenario, whereby electricity demand is expected to grow by 40 per cent
between 2014 and 2020 (with an additional ‘high demand’ scenario which
foresees a 60 per cent increase) may overestimate Macedonia’s energy needs in
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the power sector. In the least, a scenario envisaging more substantial energy
savings should have been formulated within the study.
Moving onto the supply situation, the ÅF MERCADOS EMI report assumes an
almost negligible increase in solar PV capacity by 2030. The justifications for this
assumption are inadequately pessmistic, especially in light of the country’s
sizeable insolation opportunities. Greece, for example, is intending to build a 300
MW solar plant near the city of Kozani, close to the southwest Macedonian border
where rates of insolation are similar. This slightly exceeds the installed capacity
of one block of REK Bitola (Choudhury 2013). Indeed Greece installed 1 GW of
solar PV capacity across the country in 2012 only (see Figure 4).
Figure 4. Growth in installed solar PV capacity in neigbouring countries with
similar insolation rates during 2012, compared to the installed capacity of the
largest Macedonian thermal power plant.
(Source:
http://www.pv-power-plants.com/industry/national-markets/;
http://www.solarflowthrough.com/s/SolarEnergy.asp?ReportID=561475&_Type=SolarPower&_Title=Germany-Europe;
http://www.ea.gov.mk/index.php?option=com_content&view=article&id=679&Itemid=124&lan
g=mk).

The possibility of a supply mix that is 50 per cent reliant on renewable energy has
been hypothesized in the academic literature (Ćosić et al. 2012). This would
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include, inter alia, the reduction of electricity demand in buildings (residential,
commercial and service) by 25 per cent, the reduction of heat demand in buildings
by 35 per cent, the replacement of coal boilers in buildings with heat pumps, the
replacement of 35 per cent of oil boilers in buildings with heat pumps, the
replacement of 15 per cent of natural gas and biomass boilers with heat pumps,
the replacement of 50 per cent of electricity heating in buildings with heat pumps,
and the supply of 20 per cent of heat demand in buildings by solar thermal. The
reduction of electricity demand in industry by 35 per cent would also be
necessary, in addition to the reduction of fuel demand in industry by 20 per cent,
the replacement of 15 per cent of oil, coal and natural gas consumption in industry
with electricity, the replacement of 50 per cent of coal and natural gas
consumption in industry with biomass, and the supply of 20 pee cent of heat
demand in industry by solar thermal energy. Alongside various energy efficiency
improvements in the transport sector, the scenarios foresee, inter alia, the
decommissioning of 3 thermal power plants in the country, and increase in solar
power capacity to 1100 MW, an increase in wind power to 1500 MW and the
replacement of coal and oil DH boilers with natural gas.
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5. Outline and analysis of the scenarios in the ÅF MERCADOS
EMI study and their technical and cost assumptions
A large part of the ÅF MERCADOS EMI report is devoted to the formulation of ‘least
cost options for power expansion’ via a comparison of several alternatives
developed with the aid of a proprietary model. The model’s ‘base case’ scenario
assumes a the rise in demand projected by the national energy strategy, a
relatively modest increase of hydropower generation, the need to construct a new
gas pipeline despite the cancellation of CHP Energetika, no change in natural gas
prices, no CO2 ‘trading’ before 2020, and a reduction in net imports of electricity
to zero until 2017. As a supplement to the base case scenario, the authors review
five options for a new lignite-fired plant, involving various combinations of 300
MW or 600 MW units near the existing plant in Bitola and/or the two new mines
that would need to be opened in Mariovo, in addition to the option of closing down
or refurbishing one of the Bitola units in order to meet the requirements of the
EU’s Large Combustion Plants Directive.
Overall, the scenarios point to the construction of a new gas-fired thermal power
plant as the most economically favourable option, while pointing out that ‘a a dual
fuel plant (natural gas and diesel) would reduce the risk on supply linked to a
shortage of gas supply in the region’ (ÅF MERCADOS EMI 2013, 77). In terms of
the new coal power plant option, the commissioning of a larger lignite plant (600
MW) near Bitola is seen as a preferable alternative to a smaller plant, due to its
higher efficiency and lower carbon emission costs. This would also imply closing
down one of the existing units in Bitola, rather than investing in compliance with
EU directives. The scenarios are not sensitive to a potential increase in local lignite
transportation costs, although they are subject to various locational risk factors,
including the fact that ‘A new plant will probably commit the country to use lignite
(or other coal) during the life of the plant, since one installed, the variable costs
would likely be lower than other alternatives. The larger the plant, the larger the
amount of lignite burned in the future’ (ÅF MERCADOS EMI 2013, 99).
The robustness of these results is also tested via a range of ‘sensitivities scenarios’,
which foresee:
- a situation of increasing energy demand, in which the authors would deem
it necessary the commissioning of new gas-fired capacity and 2020 and
2030;
- decreasing gas prices, in which the feasibility of building a 600 MW lignite
plant decreases in favour of a new 300 MW one, to replace an existing unit
in Bitola;
- full EU accession, resulting in higher environmental compliance and
renewable energy targets which would delay the ‘commissioning of a new
lignite plant until after 2020’ and result in the expansion of gas-fuelled
capacity (ÅF MERCADOS EMI 2013, 96)
- a high degree of regional energy market integration, resulting in higher
electricity imports and substituting the need for new thermal plant based
on gas supply until after 2020.
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Even though the construction of a gas-fired thermal power plant is clearly the
favoured option in the scenario exercise, the attractiveness of this development
trajectory may have been further amplified by considering:
- The additional costs on CO2 emissions reductions (beyond emissions
trading) imposed by possible EU accession or new emissions targets that
could be adopted in the interim;
- A lower price of gas in the baseline scenario, due to changes in the
regulatory landscape and the opening of regional gas markets;
- Whether and how much additional import capacity will be needed – the ÅF
MERCADOS EMI report assumes that this will be needed in order to
construct CHP Energetika in one part of the baseline scenario, despite
assuming that CHP Energetika will not be built in another part of the
analysis.
Macedonia may not need to build new thermal power capacity at all if the
scenarios are to consider:
- The possibility of a lower overall rise in electricity demand, as discussed in
section 4 above. Not only is this predicated on some of the trends outlined
before, but the use of innovative technical and policy measures – demand
management, smart grids and new metering technologies – could help
reduce consumption even further. An additional contribution could be
made by the substitution of electricity in the residential and commercial
sector via the increased use of district heating, geothermal energy or other
technologies currently available on the market.
- A greater share of solar and wind power in the energy balance,
accompanied by the increased use of hydropower resources (the scenarios
predict a rather modest increase in the use of this resource);
- A delay in the liberalization of electricity prices due to political pressure as
a result of rising energy poverty rates in the country. This could place
additional pressure on the ability of state-owned utilities to invest in new
thermal power generation in particular.
Box 4: Energy poverty in Macedonia
Energy poverty can be understood as a condition where a household is unable to
access a socially- and materially-necessitated level of energy services in the home
(Bouzarovski 2013). The general consensus is that energy poverty is caused by a
combination of low incomes, inefficient housing (as expressed by the thermal
efficiency of the built fabric, as well as the efficiency of appliances and heating
systems in the home) as well as high energy prices. The energy needs of a
household – expressed via demographic circumstances such as household size,
gender, occupation or class – have also been shown to play a role. Households with
children or pensioners typically are more vulnerable to energy poverty. Also
important is the nature of housing tenure and heating system, since they may limit
the energy efficiency interventions and fuel switching measures that can reduce
energy costs. For example, household may be trapped in arrangements that do not
allow them to switch to cheaper fuels (such as moving to gas or solid fuels from
district heating and electricity).
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Energy poverty is particularly prevalent in the countries of Eastern and Central
Europe, where extensive price increases have been undertaken during the past 20
years , so as to bring electricity and gas tariffs – formerly subject to indirect
subsidies by the state – up to cost-recovery levels. In Macedonia, it has been
estimated that up to two thirds of the population may suffer from some form of
energy poverty. This is confirmed by self-reported data on household well-being
issued and analysis of household expenditure surveys by the National Statistical
Office (Bouzarovski et al. 2011).
Energy efficiency measures in the residential sector are by far the most effective
means of reducing energy poverty. Small-scale local renewable energy has also
provided a good solution. While some energy efficiency measures may be have
high upfront costs, it has been shown that in the long run they can both save
energy and improve the well being of low-income households (Boardman 2010).

6. Scenarios for the energy sector: An alternative view
In the remainder of this study, we explore alternative scenarios for electricity
generation in Macedonia to that set out in the ÅF MERCADOS EMI (2013) report
ELEM, FYR Macedonia: Technical and Economic Review of Lower Carbon
Alternatives for Power Capacity Increase. This report should be viewed alongside
the Excel spreadsheet, Electricity demand and supply model Macedonia_Final.
Tables from this that illustrate each scenario are included in an Annex.
In developing scenarios the aim is not to predict the future but to offer a vision of
a plausible and internally consistent future. The starting point for the work was to
develop a baseline scenario from the ÅF MERCADOS EMI (2013) report. Following
this, 3 alternative scenarios were explored covering the period 2012-2050. In two
of these scenarios – Scenario A and Scenario B, electricity demand continues to
increase over time but at a lower rate. In the third – Scenario C – it was assumed
that electricity demand remains static. These scenarios provide an illustration of
the impact of changing demand. Changes in demand can be achieved in many
ways, depending on energy efficiency, economic growth, social changes, energy
switching etc., and this work does not seek to explain how the level of demand
seen in the scenarios comes about.
In the Baseline scenario the total electricity supply exceeds demand in every year
after 2018 and this was taken as a requirement for the other scenarios. A simple
Excel energy supply model was developed so that, for each scenario, the capacity
of different generation technologies can be manually manipulated to ensure that
the demand supply constraint was met, and the generation mix reflects the broad
story underlying each scenario. It was possible to alter capacities for each
technology type (coal, gas, CHP, hydro, wind, photovoltaic) for each year from
2012-2030, and then for the years 2035, 2040 and 2050. The broad stories that
underpin the scenarios are detailed below:
- Scenario A – Demand is lower than in the baseline but there is no impetus
to take a different approach to generation, hence the levels of renewable
21
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-

-

energy are not altered compared to the Baseline. The decrease in demand
means that less generation is required overall.
Scenario B – Demand is the same as in Scenario A but there is a desire to
minimise carbon emissions and hence a strong push for renewable
generation resulting in lower requirement for fossil fuel based
technologies.
Scenario C – Demand remains static over time and the levels of renewable
energy are the same as in Scenario B. It is then possible to further reduce
fossil fuel based generation.

For each scenario the carbon dioxide emissions associated with electricity
generation are calculated. To do this the efficiency with which each fossil fuel
based generation technology converts the fossil fuel input into electricity output
is required. For example, for a new 600MW coal plants a figure of 39.9% was used
ÅF MERCADOS EMI (2013). This means that to generate 1MWh of electricity
requires an amount of coal containing energy equivalent to 2.5MWh. The only
efficiency not taken from ÅF MERCADOS EMI (2013) was for existing coal, where
a figure of 36%1 was assumed. This was then linked to a CO2 value for each fuel2.
It is assumed that renewable technologies have zero carbon emissions associated
with generation.
The details of each scenario are discussed below.

6.1 The Baseline Scenario
ÅF MERCADOS EMI (2013) sets out a detailed review of the electricity sector in
FYR Macedonia and explores how this may change over time. For the Baseline
scenario the demand for electricity from Table 8, p.22 of ÅF MERCADOS EMI
(2013) has been used for the period 2012-2030 3 . This is taken from the 2010
Energy Strategy produced by the Government of Macedonia and includes planned
energy efficiency measures. This is a relatively high demand scenario with
significant increases over time – average per annum increase of 2.4% from 20122030. For 2030-2050, for which no figures are provided, it is assumed that the per
annum increase is the same as that in 2030 – 1.3%.
The level of electricity generated by different technologies is set out in Figure 24
(p.79) of ÅF MERCADOS EMI (2013), again covering the period up to 2030. In
addition the total capacity for each technology is detailed in Figure 25. Given this
information a load factor4 could then be calculated for each technology and each
year. The level of electricity generated will not equal the final level of electricity
Based on the efficiency of coal plants in the UK (DECC, 2011)
Coal – 0.33MTCO2/TWh; Gas – 0.185MTCO2/TWh
3 A slightly revised demand scenario is set out later in Mercados (2013, p.27-8). However, it does
not alter significantly and, given that actual numbers were not provided, it was decide to use the
figures from Table 8.
4 This is the actual amount of electricity generated/maximum possible amount of electricity that
could have been generated if operating at full capacity all the time.
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supplied due to losses in transmission and distribution. It is stated in ÅF
MERCADOS EMI (2013) these losses are considered and improvements are
assumed. However, no details of the improvements are provided, therefore a
figure for total losses for 2012 has been taken from World Bank data5 and 6% per
annum reductions assumed up to 2030.
For the period 2030-2050 it has been assumed that the level of electricity supplied
continues to exceed demand. Additional capacity is then added to achieve this,
with the generation technologies being chosen to follow favoured technologies
from the previous period (2012-2030). This amounts to an additional 400MW of
capacity from Combined Cycle Gas Turbine (CCGT) by 2035, and another 400MW
between 2040 and 2050.

6.2 Scenario A – Mercados type supply, lower demand
It was decided that, given the relatively high demand for electricity seen in the
Baseline scenario, it was important to explore the impact of lower demand. Hence,
in this scenario a per annum demand increase of 1%6 was used. Given this lower
demand, the requirement for generation capacity is reduced (assuming that
supply after losses continues to exceed demand). The scenario therefore sees:
- The closure of existing coal fired plant brought forward – In the Baseline
scenario 234MW ceases operation in 2017; 330MW in 2022; and 470MW
in 2030. In Scenario A 234MW ceases operation in 2017; 330MW in 2019;
and 470MW in 2022.
- Reduced need for new coal capacity – in the Baseline scenario 600MW is
brought online in 2017 and a further 600MW in 2030. In Scenario A the
600MW is brought online in 2017 as in the Baseline scenario but no
further capacity is required.
- Increased gas capacity – without the additional 600MW of coal in 2030 it
is necessary in Scenario A to have an additional 400MW of CCGT gas come
online between 2040 and 2050. In this scenario (and the following 2
scenarios) it is assumed that the CCGT capacity is able to provide
sufficient generation to ensure that supply exceeds demand without the
need for alternative gas turbine generation.
It is assumed that the various generation technologies all operate with the same
load factor as in the Baseline scenario.

http://data.worldbank.org/indicator/EG.ELC.LOSS.ZS. The figure given for 2011 has been
assumed for 2012
6 It is not the focus of this work to explore how this might be achieved but significant
improvements in efficiency are possible such that, even if electricity makes up a greater
proportion of total energy demand, it is possible to limit increases in electricity demand. The 1%
figure is in line with the ‘green scenario’ in the Macedonia Green Growth and Climate Change
Analytic and Advisory Support Program (2012).
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6.3 Scenario B – High renewable energy supply, lower demand
The electricity demand in scenario B is the same as in scenario A. However, the
approach for generation is very different, with a very high penetration of
renewable energy and reduced levels of coal and gas:
- Existing coal plants – Scenario B has the same closure program as in
Scenario A
- New coal plants – With the reduced demand, and the desire to minimise
carbon emissions no new coal capacity is added in this scenario.
- Gas – As in the Baseline scenario, 400MW of CCGT comes online in 2015.
As a result of no new coal capacity being built it is necessary to add an
additional 400MW of CCGT capacity in 2017. No additional capacity is
added after that. Given the aim of minimising carbon emissions the CCGT
plants only operate as much as is required to ensure that supply exceeds
demand 7 . No additional generation is required from alternative gas
turbine generation.
- Combined Heat and Power – Although CHP in this scenario is fired by
natural gas it is seen as more desirable that CCGT due to the potential to
lower carbon dioxide emissions through the provision of heat. Scenario B
sees the proposed Energetika plant, providing 300MW of electricity
capacity, come online in 2016.
- Hydroelectric power – Hydro power comes online broadly in accordance
with the trajectory set out in the Strategy for the Utilization of Renewable
Energy Sources in the Republic of Macedonia by 2020 (Ministry of Economy,
2010). The scenario sees 815MW of new capacity is in place by 2020 and
then 1000MW by 20308 (p.85).
- Wind – By 2030 720MW of wind capacity is online, a doubling of the
maximum capacity set out in Ministry of Economy (2010). This would
represent 24 sites of 30MW capacity. A further 420MW then comes online
from 2030-2050, giving a total of 1200MW. This compares to a total wind
capacity of 1500MW proposed by Ćosić et al (2012) in their discussion of
the possibility of 100% renewable power in Macedonia.
- Solar Photovoltaic (PV) – By 2030, 720MW of PV is online, provided by a
combination of small PV systems on roofs of households and other
buildings, and large PV plants9. In the scenario, the 600MW of small PV

This is reflected by altering the load factor.
This is lower than the maximum level set out in Ministry of Economy (2010b). This is due to the
suggestion that exceeding 1000MW would require the commissioning of problematic
hydroelectric stations (personal communication with CEE Bankwatch).
9 For the large PV plants in the scenario it is assumed that a 60MW would generate 85GWh. This
figure is similar to that for the Olmedilla PV Park in Spain, which is on similar latitude to
Macedonia. For small PV it is assumed that a 3kWp system cover 15m2 and operates with a
conversion efficiency of 18% and a performance ratio of 90%. It is possible that as efficiencies
improve over time the levels of electricity generated by these capacities of PV would increase.
24
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capacity would be the equivalent of 200000 buildings with 3kWp systems
installed. From 2030-2050 an additional 470MW is added, giving a total
of 1120MW. This compares to the 1600MW suggested by Ćosić et al
(2012).

6.4 Scenario C – High renewable energy supply, static demand
The electricity demand in scenario C remains static with no increases over time.
The approach to generation is the same as in Scenario B with a desire to minimise
carbon emissions and utilise significant amounts of renewable energy:
- Existing coal plants – The closure program for existing coal plants is
altered slightly in Scenario C compared with Scenarios A and B. The
closure of 234MW is put back one year to 2018 and the closure of a further
330MW put back one year to 2020. The closure of the final 470MW
happens in 2022 as in Scenarios A and B. The decision to keep existing coal
capacity online slightly longer reflects a desire to avoid building any more
additional Gas capacity after 2015.
- New coal plants – There is no requirement for new coal in Scenario C
- Gas – As in the Baseline scenario, 400MW of CCGT comes online in 2015.
However no additional capacity is added after this. As in Scenario B the
CCGT plants only operate as much as is required to ensure that supply
exceeds demand 10 so that carbon emissions are minimised and no
additional generation is required from alternative gas turbines.
- Combined Heat and Power – As in Scenario B the Energetika plant begins
operating in 2016. However, with reduced demand it is possible to take
250MW offline in the period 2035-40, leaving only 300MW operating.
- Hydroelectric power – Renewable energy generation is the same as in
Scenario B
- Wind – As above.
- Solar Photovoltaic (PV) – As above.

6.5 Discussion
Table 1 below summarises the four scenarios, in terms of contribution of each
technology type to total generation, and the carbon dioxide emissions associated
with this. Figures 1, 2, 3 and 411 show the total amounts of electricity generated
by each technology under the three scenarios, alongside total demand and net
supply (after losses).Figures 5 and 6 cover carbon dioxide emissions.
One thing that is clear from the scenarios is that greater attention needs to be paid
to demand. In thinking about electricity generation there is a tendency to predict
a broadly ‘business as usual’ demand and then assess what needs to happen in
terms of supply to meet that demand. There are many opportunities to make
This is reflected by altering the load factor.
The black line in the Figures is there as a reminder of the discontinuity in the years as after
2030 it goes to 2035, 2040, 2050.
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significant impacts on the demand for electricity through efficiency improvements
even at a time where there is a switch from other energy sources to electricity12.
This brings advantages whatever approach is taken to generation. For example,
the reserves of coal in Macedonia are limited (Mercados, 2013) and hence under
a scenario with high demand for coal (Baseline Scenario) there is likely to be a
need for greater imports. By reducing demand (Scenario A) the demand for coal
will be lower and there be a reduced requirement for imports. If a significant
contribution from renewable energy is desired then this is easier to envisage
where demand is limited.
With Macedonia aspiring to accession to the EU it is important to consider carbon
dioxide emissions associated with electricity generation. As set out in European
Commission (2011), the target of reducing carbon dioxide emissions by 85-90%
by 2050 will require reduction in the power sector of 93-99% compared to 1990
levels. This work does not compare emissions with 1990 levels but both the
Baseline scenario and Scenario A are difficult to reconcile with this goal. Scenario
B does reflect changes that are broadly in line with this target, while, Scenario C
almost attains these levels of reductions.

Table 1 Scenarios summary
% total generation

2020

2030

2050

Baseline
Scenario A
Scenario B
Scenario C
Baseline
Scenario A
Scenario B
Scenario C
Baseline
Scenario A
Scenario B
Scenario C

coal
61.0%
60.1%
21.5%
24.1%
59.4%
38.7%
0.0%
0.0%
49.2%
32.6%
0.0%
0.0%

gas
6.2%
6.4%
21.4%
12.0%
6.4%
16.6%
14.6%
0.0%
22.5%
29.8%
14.5%
0.0%

CHP
8.9%
9.1%
21.0%
23.5%
10.3%
13.4%
29.1%
34.8%
8.5%
8.5%
25.8%
21.0%

Total demand
(GWh)
renewables
23.9%
24.5%
36.1%
40.4%
24.0%
31.3%
54.4%
65.2%
19.9%
26.3%
59.7%
79.0%

10048
8765
8765
8094
12374
9682
9682
8094
15079
11240
11240
8094

CO2 emission from electricity
generation
Total (MTCO2) % change c.f 2012
6.5
41.0%
6.3
35.7%
3.4
-26.9%
3.0
-34.7%
7.4
60.2%
4.3
-7.6%
1.3
-71.3%
0.8
-83.4%
8.3
79.8%
4.9
6.0%
1.3
-71.4%
0.5
-89.8%

A higher penetration of electricity in the energy system as a whole, accompanied by
decarbonisation of generation is often assumed to be the most likely means of reducing carbon
emissions.
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Fig. 1 Baseline scenario - Generation, demand and supply
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Fig. 2 Scenario A - Generation, demand and supply
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Fig. 3 Scenario B - Generation, demand and supply
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Fig. 4 Scenario C - Generation, demand and supply
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Fig. 5 CO2 emissions from electricity generation
9.0
8.0
7.0

MTCO2

6.0

Baseline

5.0

Scenario A

4.0

Scenario B

3.0

Scenario C

2.0
1.0

0.0
2050
2040
2035
2030
2029
2028
2027
2026
2025
2024
2023
2022
2021
2020
2019
2018
2017
2016
2015
2014
2013
2012

Fig. 6 % change in CO2 emissions from 2012
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7. Conclusion and recommendations: A coal-free future is
possible
This study has sought to review the possibilities for introducing a lower carbon
supply in Macedonia’s electricity system. A critical reading of a recent report,
commissioned by the European Bank for Reconstruction and Development has
pointed to the possibility of developing a much wider range of options beyond the
current supply mix. Policies aimed at fostering electricity demand reduction –
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particularly in the household and industrial sectors – alongside the development
of new sources of renewable energy supply offer significant opportunities for
moving in the direction of a genuinely decarbonized energy sector.
The scenarios developed in the last part of the study, alongside the analysis of the
current state of the energy sector as well as the findings of the MERCADOS study
and other secondary documents show that:
- There are significant opportunities for renewable energy investment in
Macedonia, beyond and above the recommendations offered by official
documents. These opportunities could help reduce or completely eliminate
the need to expand the country’s coal generating capacity;
- Also of significance in this regard is natural gas, which can be used as a
‘bridging fuel’ in the low carbon transition;
- An extensive and ambitious programme of energy efficiency
improvements and fuel substitution is needed in order to bring down
electricity demand so as to reduce the need for carbon-intensive forms of
energy.
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Annex 1 – Scenario details
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