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a b s t r a c t

The energy sector in Macedonia is the main emitter of greenhouses gases (GHG) with share of about 70%
in the total annual emissions. Furthermore, within the energy sector, 70e75% of emissions are associated
with the electricity generation due to the predominant role of the lignite fuelled power plants. This
makes the electricity sector the most significant key source and, at the same time, the main target for CO2

emissions reduction. Recently, the government has adopted a strategy for the use of RES which identifies
a target of 21% of final energy consumption from RES by 2020. The main goal of this paper is to inves-
tigate environmental and economic aspects of higher penetration of renewables into energy system of
Macedonia. For this purpose a reference energy scenario for the power system expansion is developed by
making use of EnergyPLAN model. The reference energy system was developed for the year 2020, and
then used in the scenario analyses. The analyses of four ‘RES’ scenarios reveal that renewables can reduce
CO2 emissions between 0.84% and 9.54% compared to reference scenario. Increase of CO2 price for
double, compared to today’s price, will lead to increase of annual operating costs over 26% in all the
scenarios considered. In the case of doubling the lignite price, annual operating costs in scenarios will be
increased between 6.5% and 7.6%.

� 2011 Elsevier Ltd. All rights reserved.

1. Introduction

At the moment the most critical issues in European energy
sector are security of supply and greenhouse gas emissions. These
emissions are closely related to energy generation and exploitation
and because of this they’re becoming one of the major technolog-
ical and socioepolitical challenges in the world [1]. One of the most
promising solutions for alleviation of energy import and diversifi-
cation of the energy resources, which at the same time reduce the
GHG emissions, are renewable energy sources. Besides that, the
utilisation of RES provides for additional environmental benefits
(mitigating local pollution), create employment and leads to
potential development of rural economies Unfortunately, the
intermittent nature of renewable energy sources (RES), except
biomass, leads to substantial RES penetration limits, especially
during the period of low electricity consumption such as the night
time [2] and [3]. To solve such a problem, effective tools are needed

to provide insights into the problem and to provide possible solu-
tions [4].

In order to increase penetration limits of intermittent or variable
RES and use them effectively it is necessary to increase flexibility of
the power system. Flexibility can be increased by use of more dis-
patchable plants, by better interconnection with other power
systems, by demand side measures and by energy storage [5]. This
energy storage is used in order to transfer energy surplus from the
period of excess electricity production to other more appropriate
periods [6] and [7]. However, due to high investment cost in the
storage systems the usage of RES is becoming even more expensive
[8] and [9].

Many authors have evaluated and analyzed the benefits of
integration RES and energy storage in terms of reduction CO2
emissions and energy import dependency. The use of RES-pumped
hydro storage systems is proposed in [10], RES-hydrogen systems
in [11] and use of RES-heat pumps and thermal storage systems
in [12].

In the case of Macedonia, electricity production is based mainly
on the low-quality domestic lignite and hydro. Macedonia’s elec-
tricity consumption is characterised by excessive demand peaks in
winter, which are largely due to the use of electricity heating to
supplement fuelwood heating in the residential sector during very
cold periods [13]. To some years ago, due to stagnation in the
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