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Abstract: Inthe proposed paper scenarios for expansion of the Macedonian electricity generation system are
investigated. In order to determine the optimal electricity generation technology mix sufficiently enough to feed the
country electricity demand MESSAGE tool is used. The planning period for the case study is from 2020 (base year) to
2050. The environmental impact, for each scenario, is also analyzed of aspect of CO2 emission.

Key words: electricity generation system; expansion planning; MESSAGE tool; optimal technology mix;
environment impact

IINIAHUPAIBE PA3BOJ HA CUCTEM 3A ITPOU3BOJACTBO HA EJIEKTPUYHA EHEPTHUJA
CO BKIIYYYBAIE HA EHEPTETCKH E®OUKACHHU TEXHOJIOI'NA

A1 cTpakT: BonpemioxkeHroT Tpy /1 ce HCTpaXKyBaHU CLIEHapHja 3a MPOIIHPYBamke Ha HAIIMOHATHUOT CHCTEM
3a MPOM3BOJICTBO Ha EIEKTPUYHA €Hepruja. 3a a ce Opear ONTHMAaJIeH MUKC Ha TEXHOJIOTMH 32 MPOW3BOJICTBO Ha
eJNIEKTPUYHA EHepruja co e Ja ce 3aJ0BOJIM INoOapyBaykaTa Ha ENEKTPUYHA EHepruja, ce KOPHUCTH anaTKaTa
MESSAGE. IlepronoT Ha maHupame 3a aHATU3UpaHuTe ciieHapuja e o 2020 (6as3ua roauna) g0 2050 roauna. Mcto
Taka, 32 CEKOe CIEHAPHO € aHAIM3UPAHO BIIMjaHUETO BP3 KUBOTHATA CPEIMHA OJ] acTeKT Ha emucHjaTta Ha COa.

Kutyunu 360poBH: CHCTEM 3a IPOM3BOJCTBO Ha EIEKTPHYHA CHEPTH]ja; IUIAaHUPAE HA PAa3BOj HA CHCTEMOT;
MESSAGE tool; orrtumarneH MUKC Ha TEXHOJIOTHH; BIMjaHUE BP3 KUBOTHATA CPEMHA

INTRODUCTION

The current situation of North Macedonia in
the energy sector is strongly dependent on imports
of oil derivatives, natural gas, and in the last decade
strongly dependent on imports of electricity. About
30% of the electricity needs are supplied from the
electricity market, which is certainly dependent on
the movement of electricity prices. They have a
strong dynamic nature in the last few years with
range from 20 €/ MWh to over 100 € MWh. To pro-
vide a development strategy in the energy sector
with reduced needs for imported energy, high in-
vestments are needed for the construction of new
power generation capacities and the provision of
funds for their ongoing maintenance.

In the paper, scenarios for expansion of the
Macedonian electricity generation system are pre-
sented. In order to obtain the optimal technology
mix for electricity generation sufficiently enough to
feed the country electricity demand MESSAGE tool
is used.

The following two scenarios for the planning
period 2020 (base year) — 2050 are analyzed:

o Baseline scenario, where the current energy
structure prevailed, with trends like the current
development. The electricity demand is satis-
fied by coal-fired thermal power plants, gas-
fired thermal power plants, hydropower plants
and renewable power plants.

e Moderate scenario, where the existing coal-
fired technologies are substitute with gas-fired
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tech-nologies with CCGT (Combined Cycle
Gas Turbines) and possibility for nuclear
option via SMR (small modular reactors) is
considered.

The electricity production by hydropower
plants are the same for both scenarios. The addi-
tional electricity needs are covered with import.

MESSAGE tool is used for modelling the sys-
tem, for developing the scenarios and to determine
the optimal electricity generation technology mix.

MESSAGE (Model for Energy Supply Strat-
egy Alternatives and their General Environmental
Impacts) is an optimization model used for medium
to long-term energy system planning. The tool com-
bines technologies and fuels to construct so-called
"energy chains", making it possible to map energy
flows from supply (resource extraction) to demand
(energy services). The model can help design long
term strategies by analyzing cost optimal energy
mixes, investment needs and other costs for new in-
frastructure, energy supply security, energy resour-
ce utilization, rate of introduction of new techno-
logies, environmental constraints [1].

RELATED WORK

In [2], the authors developed an energy model
of the main national Chilean system and evaluated
the effect of large injections of electrical energy on
the structure of the matrix of electricity generation.
Utilizing the planning tool MESSAGE, the follow-
ing are studied: the impact of hydroelectricity gen-
eration in the south of the country, nuclear energy
generation, and the effect of large blocks of energy
that are dispersed and at times intermittent, as re-
newable energies are, in particular wind power. In
[3], the authors used MESSAGE tool to evaluate the
competitiveness of nuclear power plants consider-
ing different expansion scenarios for the Brazilian
electric system. A research carried by [4] presents
the possibility and evaluates implications of deploy-
ing nuclear power plant in the Nigeria energy mix
using MESSAGE for informed electrical energy
demand forecast, design energy security pathway in
most efficient, cost effective and environment
friendly approach.

In [5], the authors investigated two scenarios
for expansion of the Macedonian electricity genera-
tion system:

Baseline scenario, where the current energy
structure prevailed, with trends like the current de-
velopment.

Green scenario, where gas-fired thermal power
plants and nuclear power representative with SMR
are base load technologies and also intensive con-
struction with RES (renewable energy sources) is
forced.

In this paper the second analyzed scenario
(Moderate) is with steps to transform from Baseline
to Green option (which is analyzed in [5]).

METHODOLOGY AND INPUT DATA

The diagram that depicts the methodology
used in this research is presented in Figure 1.

Preparing the input data for

MESSAGE
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Fig. 1. Research methodology flowchart

The general data, data for load region and elec-
tricity demand entered in the MESSAGE tool are:

e Time horizon: 2020 (base year) to 2050 in a 5-
year interval;

¢ Discount rate: 8%);

e Electricity demand: 7000 GWh/799 MWyr in
the first year, 2.5% annual growth rate;

e Seasons: 4 seasons, each with 1 day repre-
sentative.

The representative day for each season is di-
vided in 3 parts, modelling with 3 intervals inside
0.6/0.2/0.2, which is equivalent of 14.4 hours/4.8
hours/4.8 hours for base load/peak load/night load.
Figure 2 presents the chain structure for the energy
supply system modelled in MESSAGE, where all
options as fuel types and technologies are modelled.
In this paper only electricity generation system is
presented, while the results for the heat supply sys-
tem will not be presented.
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For the scenarios some of the inputs are: o Oil import: 385 $/kWyr, which is near 500 €/ton
e Imported electricity 400 $/kWyr with growth oil;

rate of 3% per year, with capacity of 340 MW e Gas import: 307 $/kWyr, which is near 250

for Baseline scenario and 310 MW for Moder- €/1000 Nm?,

ate scenario;

e Coal import and Coal Extraction: 262 $/kWyr; Available capacities for the planning period,

for the Baseline and for the Moderate scenario, are
given in Figures 3 and 4, respectively.
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Fig. 2. Chain structure for energy supply system
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Fig. 3. Available capacities for the planning period for Baseline scenario
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Fig. 4. Available capacities for the planning period for Moderate scenario

RESULTS AND DISCUSSION

In this part of the paper obtained results of both
scenarios are presented. Installed capacity for each
scenario is given in Figures 5 and 6.

Yearly generated electricity (activity) for each
scenario is also obtained. In the base year 2020 the
generated electricity from the analyzed production
capacities is near the same for both scenarios. Only
the differences is between the generated electricity
from the existing TPP Bitola and imported electric-
ity, which are compensated depend on available
electricity import. The activity of other technologies
are same.

The differences between scenarios can be no-
ticed in activity after 2030. On the next figures (7—
9) the energy mix in activity (generated electricity
in MWyr and in percentage) for both scenarios for
the years 2030, 2040 and 2050 can be compared.
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Fig. 5. Installed capacities for Baseline scenario
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Fig. 6. Installed capacities for Moderate scenario
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Fig. 8. Energy mix in activity (generated electricity in MWyr and in percentage) for 2040
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The difference between Baseline scenario and
Moderate scenario can be noticed in the last decade
where SMR in Moderate scenario replace TPP on
coal in Baseline scenario. Anyway it is noticed that
in both scenarios, imported electricity have signifi-
cant part for covering the electricity demand.

Taking into account the load duration curve,
the representative day demand and the yearly acti-
vity of the power generation system, we can obtain
the structure of the covered demand inside of the
representative day for each season in each scenario.
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Fig. 9. Energy mix in activity (generated electricity in MWyr and in percentage) for 2050

Daily supply of the electricity demand for all
representative days, in all 4 seasons in 2030, 2040
and 2050 for the both scenarios is presented in the
Figures 10-15. The first base period in a day is three
times longer (0.6), than the other two parts (peak
and night part) of a day (0.2), so the representative
of the first part of a day is presented with 3 bars.
While, below the figures short description of the
main characteristic of the certain graph is given.
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Baseline scenario 2030

eBase load mainly covered from the gas-fired TPPs

eStorage hydropower plants covered variable part of the electricity demand,

eSignificant electricity import

Fig. 10. Daily supplying of the electricity demand for representative days for Baseline scenario for 2030
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Baseline scenario 2040
eMore gas is spent for covering base load because of the increased needs mainly from gas-fired TPPs,
eStorage hydropower plants covered variable part of the electricity demand and slowly coming RES technologies,
oStill significant electricity import

Fig. 11. Daily supplying of the electricity demand for representative days for Baseline scenario for 2040
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Fig. 12. Daily supplying of the electricity demand for representative days for Baseline scenario for 2050
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Fig. 13. Daily supplying of the electricity demand for representative days for Moderate scenario for 2030
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Moderate 2040
eMore gas is spent for covering base load because of the increased needs mainly from gas-fired TPPs,
eStorage hydropower plants covered variable part of electricity demand and slowly coming RES technologies,

eDecrease electricity import

Fig. 14. Daily supplying of the electricity demand for representative days for Moderate scenario for 2040
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Fig. 15. Daily supplying of the electricity demand for representative days for Moderate scenario for 2050

Environmental impact from CO; emission

Carbon emission mainly depend on generated
electricity of thermal power plants on fossil fuels
(coal and gas). According the results from each sce-
nario, chemical content of fossil fuel and used tech-
nology, the CO; emission per generated electricity
is approximately:

o 1 kg CO,/kWh generated electricity from coal-
fired TPP with 35% efficiency,

¢ 0.35kg CO2/kWh generated electricity for gas-
fired TPP with 60% efficiency.

The yearly generated electricity of thermal
power plants on fossil fuels for each scenario is pre-
sented in the Figures 16 and 17.
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Fig. 16. Yearly generated electricity of thermal power plants
on fossil fuels for Baseline scenario
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Fig. 17. Yearly generated electricity of thermal power plants
on fossil fuels for Moderate scenario

By taking into account the generated electric-
ity and the CO, emission per generated electricity,
the total CO, emission for each scenario are pre-
sented in the Figures 18 and 19.
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Fig. 18. Yearly total emission of CO2 for Baseline scenario
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Fig. 19. Yearly total emission of CO2 for Moderate scenario

CONCLUSION

It is important to have analysis of the current
situation of the national electricity generation sys-
tem taking into account the existing and possible
candidates of power plants according the previous

studies and documentation. Also, it is necessary to
have the national criteria for future power genera-
tion system: available domestic fossil resources,
natural meteorological and climate conditions for
the renewable energy sources, reduction of GHG
emissions, environmental protection, social and
economic condition, final energy price and lev-
elized cost of energy from new capacities, available
human resources, security supply system for sus-
tainable development, etc.

Reduction of the domestic coal reserves, age-
ing of the equipment, requirements to reduce emis-
sions from existing coal-fired thermal power plants
are some of the reasons for searching for a way to
replace them.

One option in the Baseline scenario is to be in-
stalled new modern block(s) with imported coal,
where would be implemented all desulphurization
and deNOx technologies, but carbon dioxide emis-
sions would be further penalized and included as an
additional cost in production. Another option is to
replace the existing base coal technologies with new
modern gas technologies, i.e. construction of com-
bine cycle gas turbines with an efficiency of about
60%. In case some of them in urban areas to be used
as cogeneration plants for electricity and heat pro-
duction, they would significantly increase the effi-
ciency up to 80% with significantly reduced carbon
emissions.

The construction of new gas TPPs and large
hydropower plants requires high investment, which
is usually provided either by a public-private part-
nership or by providing funds and loans through in-
ternational development financial institutions where
ESM as a public state-owned energy company gua-
rantees. To ensure a safe amount of natural gas, it is
necessary to build additional supply gas pipe lines
taking into account the international gas corridors.

It is especially important to find a way to pro-
vide investment funds for SMR as nuclear technol-
ogy from the point of view for new nuclear beginner
country. From a technical point of view, small mod-
ular reactors are the most suitable for small power
grids, but for countries with no experience in nu-
clear technology it is a great challenge. In addition
to the necessary investments for the technology it-
self, additional funds are needed for establishing the
national institutional infrastructure and for the edu-
cation of human resources in nuclear technology.

On the other hand, with the construction of
power plants on renewable energy sources such as
wind farms, photovoltaics, small hydropower plants,
as well as biogas power plants the energy produc-
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tion infrastructure can be further improved and they
are mostly private investments that certainly require
appropriate conditions and guarantees from national
institutions in accordance with the legislation in the
energy sector. According the dynamics of construc-
tion of power plants on RES, it is important to pay
special attention to the rest of the electricity gene-
ration system of conventional technologies, in terms
of reliable and secure operation of the power sys-
tem. It is necessary to provide sufficiently flexible
capacities of hydro units, reversible hydropower
plants or gas power plants that would respond to the
dynamic and unpredictable behavior of RES in the
energy system.
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