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ABSTRACT

Several researches have been done on modeling renewable energy for different countries and
continents, employing unique approaches, strategies and methodologies. This paper aims to do the
same by using the sunlight and wind resources to model a hybrid renewable energy system for the
Turkish Republic of Northern Cyprus (TRNC). This paper will also carry out a comparative analysis
between the modeled renewable energy generation and the present electricity generation in the
country. The paper will also depict how the renewable energy relates with the country load, based
on the amount of energy generated from renewable resources and the size of battery used to store
excess renewable energy generated. This paper will also show how base load power plants do not
allow lots of renewable energy penetration, because of the varying nature of wind and solar
resources.

Keywords: Renewable energy; photovoltaic; wind turbine; base load; base load power plant; peaking
power plant.

1. INTRODUCTION economic sanctions, if TRNC can make utmost

use of the renewable energy source(s) available
TRNC has a great challenge in supplying enough  on the island, they might have a solution to their
electrical energy due to lack of fossil sources and  electrical energy supply. One of the biggest
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challenges for governments especially in
developing countries is convincing people to
efficiently use electrical energy. Energy saving
and environmental protection against
greenhouses are the major goals that countries
are looking for. The electricity demand is rising
and consequently, this causes a great pressure
to the economy and other infrastructures.
Building of new power plants, extraction of
energy from renewable energy sources or saving
of energy can be considered to overcome this
extra demand.

The reason for this perceived unsustainability in
the use of fossil-fuels is the ever-increasing
global population. As the population increases,
so does the world’s energy demand, which
impels us to continuously plunder the finite
resources of the Earth, and in so doing,
adversely affects its environmental conditions.
Besides the Earth’s resources continuing to
diminish, several other problems emanate from
the use of fossil-fuels in meeting the world’'s
energy demand, carbon emissions have
continued to increase annually and now
represent one of humanity’s gravest existential
threat. Carbon emissions already have an
adverse effect on the air we breathe, most of the
world’s major industrial cities already suffer
greatly from air-pollution as a consequence of
this. Moreover, nuclear energy has not turned out
to be a viable alternative neither. It is extremely
expensive and it comes with even greater risks
than those posed by fossil-fuel burning. In
addition, both uranium and plutonium are also
resources that will ultimately be depleted, and
there is yet no solution to the nuclear-waste
disposal challenge [1,2,3,4,5,6].

Renewable energy alone holds the promise of
sating the global energy demand. However,
renewables are yet having numerous challenges
that must be addressed. Political and economic
advocates for fossil-fuel sources continue to
emphasize the unreliability of renewable sources
due to their unpredictability. At present, this
criticism is justified. Also, the advocates of fossil
energy are pursuing two main targets: firstly, they
want to preserve the energy monopoly, meaning
the energy market will be controlled by a few
large enterprises. Secondly, they want to
preserve the coal, nuclear and gas power plant.
In a nutshell, the so-called turnaround in the
energy policy is definitely losing some of its
momentum, we shouldn’t let such happen [7, 8].

According to the 2013 post carbon pathways
report, which review many international studies,
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the key roadblocks are; climate change denial,
the fossil fuels lobby, political inaction,
unsustainable energy consumption, outdated
energy infrastructure, and financial constraints [9,
10].

The high cost of electricity in TRNC and
sometimes electricity outbreak during summer
triggered the cause of this study. The computer
software used in this study is Excel spread sheet
which was used to analyse various data.

2. GEOGRAPHY AND HOUSING OF TRNC

Turkish Republic of Northern Cyprus (TRNC) is
de facto independent republic located on the
Mediterranean island of Cyprus officially the
northern territory of the republic of Cyprus.
Because of the sanction imposed on TRNC, the
territory is only recognized by turkey, and TRNC
depends on Turkey for military, political and
economy supports. [11, 12, 13]

TRNC amount to around a third of the island,
with an area of 3,355 square kilometers
(1.295sqmi), Turkey lies 75kilometer (47mi) to
the north. TRNC lies between latitude of 34° and
36°N, and longitude of 32° and 35° E. Since
TRNC belongs to an island it has a coast which
consist of enchanting coves, rocky coast and
long golden sandy beaches, these beaches are
among the cleanest and safest in the
Mediterranean. Between May and October, the
average water temperature is around 24°c [14,
15].

Cyprus is situated in the location known as the
Cyprian Arc. The precise location of this Arc
remains widely debated as various studies have
produced differing findings. At this moment, no
one is certain as to what type of fault the Cyprian
Arcis [14, 16].

TRNC most notable landmark is perhaps the
northern mountain range, otherwise called the
Kyrenia Mountains, or the Five Finger Mountains.
A rugged mountainous range running about 130
km parallel to the coastline. It occupies an area
roughly 260 sq km, and primarily comprises
limestone, dolomite, and marble. This range
peaks at Mount Selvili, close to Lapta, at 1,023 m
[13].

North Cyprus’ largest spring is situated in this
range close to the Kyrenia Mountains. The very
rich northern coast is mostly filled with olive and
carob trees [12].



The Mesaoria plain is situated in the center of the
island, between the five-finger Mountains and the
Southern Troodos Mountains, it is pivotal to the
cultivation of important crops like wheat, barley
and oats. This region is thus termed “the
breadbasket of Cyprus” [14].

The north and eastern shores of North Cyprus
are bounded by the beautiful Mediterranean Sea.
The coastline is littered with beautiful beaches
which attract tourists from all over the world,
especially in the long Cyprus Summers.
Guzelyurt and Famagusta have impressive bays,
while Zafer, Korucam and Kasa remain attractive
peninsulas [12,17].

Cyprus retains many imprints of several
civilizations under whose influence the island has
thrived. The island yet contains several Roman
vilas and theatres, as well as Byzantine
cathedrals and monasteries, medieval castles,
Ottoman Mosques and various other pre-historic
habitats. Cyprus’ major economic activities
include tourism, textile and craft as well as
merchant shipping. Other traditional crafts
include embroidery, pottery and copper work
[18].

2.1 Climate and Housing in TRNC

TRNC is generally very sunny. On average, the
hours of bright sunshine over the course of the
year are measured at 75% of the time the sun is
over the horizon. During the six summer months,
bright sunshine averages 11.5 hours per day,
during the winter, this drops to about 5.5 hours.
These rank among the longest periods of
sunshine in the world and the solar intensity also
ranks among the greatest. Solar energy has
been exploited in the TRNC for several years,
although only for minimal electricity generation
[13,19].

Currently, the method for construction of houses
implemented throughout TRNC is of the structure
of a typical multi-storey and single-storey
building, is made up of the foundations, the
columns, the beams and slabs. All the structures
make use of reinforced concrete [20, ].

The walls are typically built with hollow bricks,
cemented with plaster on either side. The
external walls typically are about 25 cm in width,
while the internal walls are about 15 cm wide.
More recently, there has been a trend to use
cavity external walls, generally, this consists of
two brick walls with an insulated layer of about 5
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cm in-between. The floors consist of concrete
slabs, all covered with a layer of sand or screed
about 10 cm in which all plumbing and other
services are placed. The floor finishing is made
up of a layer of mortar covered with tiles, marble,
or granite blocks [21].

Flat roofs are made up of a slab, typically about
150 mm in width, with an added layer of plaster
of 3 cm on the underside, this is applied when
the slab is not smooth. The roof is usually water-
proofed with a thin layer of bitumen and painted
a white or aluminum color on top. More recently,
there has been a trend to use an inclined,
smooth slab, with light insulation, covered with a
layer of mortar and roof tiles [21].

3. RENEWABLE AVAILABILITY IN TRNC

3.1 Assessment of Renewable Energy
Resources in TRNC

Exploitation of renewable energy (RE) depends
mainly on the economy of the particular site
applying it because most types of RE resources
have fairly established technologies. Not only the
feasibility cost of adequate resources that play a
major role in the viability and sustainability of RE
projects, but technical and environmental issues
also play a major role [20].

In Barker studies on tidal energy potential, he
concluded that sites which have a mean range
exceeding 3m can be exploited. Furthermore, he
established that none of this potential exists in
the Eastern Mediterranean [22].

TRNC'’s lack of rivers with significant yearly flows
causes the lack of hydropower opportunities.
Geographically there are little or no geothermal
resources and the potential for small hydro plants
is very limited. Hence heat stored in rock is
conveyed to the surface by means of fluid and
steam [21].

TRNC biomass resources include a wide range
of biomass residues, forest and agricultural,
sewage water sludge, municipal solid waste and
a considerable potential of energy crops, which
include traditional herbaceous crops, or short
rotation woody crops. It was estimated that the
electricity production from biomass will be about
1.4% of the total electricity consumption in the
year 2010. In addition, the installed capacity is
about 0.95MW, and will be using municipal
sewage to produce electricity [20].

There are some areas in TRNC with onshore
wind velocity of 5-6m/s and few areas with 6.5-



7m/s. Anticyclones moving from west to east
affects the wind energy utilization in TRNC,
during the winter it moves from the Siberian
anticyclone and during the summer it's from the
low pressure created in the area of India and
expanded until the area of TRNC. Sea breezes
generated in coastal areas as a result of the
different heat capacities of sea and land, give
rise to different rates of heating and cooling; and
mountain valley winds, created when cool
mountain air warms up in the morning and
begins to rise while cool air from the valley
moves to replace it, and the flow is reverse
during the night [22].

Collection of sunshine duration data at a number
of meteorological stations started in 1959. From
the considerations affecting the use of solar
energy, the classification may be broadened to 3
zones; coastal, central plains and mountains.
From statistical analysis it's shown that all part of
TRNC enjoys sunny climate [21,20].

3.2 Wind Resource in Cyprus

TRNC is located at the Northern part of the
island (Cyprus) and Cyprus is surrounded by the
Mediterranean Sea. lts climate is characterized
as two distinct seasons; the rainy season, from
November to March and the long dry season
from the beginning of April till the end of October,
during the raining season the island is under the
influence of depressions crossing the
Mediterranean Sea from west to east, while in
the dry season the island is subjected to the
shallow low pressure through which extends from
continental depression centered Asia. However,
in coastal areas the local sea-breeze circulation
is usually very strong due to a large differential
heating between sea and land [22]. In this paper
| use Larnaca data, because Larnaca is the
nearest station to TRNC provinces from [22].

3.3 Solar Resource in Cyprus

On a horizontal surface the average annual solar
radiation received is 1725kW/m”2 per vyear.
Direct solar radiation is about 69% of the total
amount which equals 1188kW/m”2, and the
diffuse radiation is 31% (537kW/m”*2). For
properly sited power plants, the annual solar
potential for generation is estimated to be
between 1950kW/m”2 and 2050kW/m”2 per year
[21]..

By utilizing this energy, Cyprus has become the
highest user of solar water heaters in Europe.
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The European Solar Thermal Industry Federation
ranks Cyprus as the leader in installed solar
collectors per capita. With more than 900,000 m2
of installed solar collectors, there is the potential
to produce almost 700,000 kWh of thermal
energy. Using these systems Cyprus has more
than double the number of installed solar thermal
collectors and produces twice the energy of
Austria which is the next European user [22].

It can be observed that in summer, solar time is
from 6am until 6pm and the global horizontal
radiation peaks midday at up to 1000W/m? [20].

It is observed that global horizontal solar
radiation levels are the lowest at around ~450
W/m2 during winter season. However, the
radiation levels steadily increase approaching to
summer season and peaks in June/July at
around ~950 W/m2. This steady pattern of solar
radiation that this creates constitutes as a
predictive resource to be exploited via solar
energy conversion systems. On the other hand,
from the sudden drops in the radiation levels on
the plot, it can be observed that during the
winter, spring and autumn seasons the weather
is cloudier compared to summer season (June,
July and August). This however, requires more
extensive weather forecasting tools or weather
monitoring systems for large solar energy
conversion systems. Clouds in the sky creating
partial shadows on photovoltaic systems or
blocking direct beam radiation for concentrated
solar systems will lower the performance or
overall output of the solar energy conversion
system [22].

4. The PROPOSED
RESULTS

MODEL AND

4.1 The Proposed Model

This work is proposing TRNC to make use of
wind energy alongside with solar energy (hybrid
system) to meet most of their energy demand,
Fig. 1 bellow illustrates the current electricity
generation in TRNC, and Fig. 2 shows the block
diagram of the proposed energy system.

Currently TRNC already has a photovoltaic
power plant located at Serhatkdy with capacity of
1.2MW, it's obvious that this is a very small
amount of renewable energy that is in use, this
paper is suggesting to increase the photovoltaic
power plant and build a wind farm with it, so as to
make utmost use of these two renewable
sources (solar and wind). It is known that solar



energy has a very high potential in TRNC
compared to wind, but using one of the
renewable energies might lead to a large battery
size requirement. A hybrid system with
proportional system size for each energy source
is needed (i.e. using significant amount of solar
and wind), this will help in reducing the size of
the battery.

In Fig. 1 it can be seen that TRNC uses baseload
power plant as part of their electricity generation,
while in Fig. 2 it is proposed that baseload power
plant should be abolished since it does not allow
lots of renewable energy penetration which will
be shown in the following figures in Section
IV(B).

Power Generation
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5. RESULT

In this section the result of the model is shown
for two different scenarios investigated and
explanation is made for each figure. This model
uses the hourly energy output from wind and
solar in MWh for a year. The solar energy come
from [23], while the wind energy was calculated
based on the wind speed from [23], using
equation (1).

P=1/2 pAVA3 Cp (1)

A=TIr"2 2)

Heavy Oil Heavy 0il
for Pealdng for Base
Power Load

Power Transmission

and Distribution

Transmission Grid

Fig. 1. Block Diagram of Current Electricity Generation System in TRNC

Solar Wind
Power Plant Farm
Generation
Power
Transmission
and distribution

Power
Consumption

Transmission Grid

Muclear for
Peaking
Power

™ Storage

]

Fig. 2. Block Diagram of The Proposed Electricity Generation System
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Table 1. Parameters Used to Calculate Wind Energy
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Fig. 3. TRNC Annual Load and Meteorological

Conditions Used in Modeling. (a) 2017 Load (b)

Beam Irradiance (c) Wind Speed and (d) Ambient Temperature

We cannot see electricity itself but to understand
electricity it's very helpful to see a picture and the
way to do so is by modeling. Why model? We
model so we can quickly try many mixes of
electricity generation to find which mix works
based on assumptions made.

This model takes into account a solar power
plant and a wind farm. Two scenarios are
considered and or investigated in this model, first
scenario is renewable with baseload generation,
and the other is renewable with no baseload, so
as to see how baseload does not allow lots of
renewable penetration.

The following mathematical equations and logical
statements will help in order to understand the
methodology and the results giving in the tables.
wind scaled RE (MWh) =

wind installed capacity (MW) x wind energy (MWh)

Q)

name plate (MW)

+ESB is calculated with the following nested if

if

{

(((REG + baseload) — load) > 0)

if

(ASB > ((REG + baseload) - load))
{

ESB = (REG + baseload) — load;

}

Else

{
ESB = ASB;

solar installed capacity (MW) x solar energy (MWh)
name plate (MW)
(2

REG (MWh) = wind scaled RE (MWh) + solar
scaled RE (MWh) 3)

(4)

If [Load (MWh)- REG (MWh)] >0 energy is
being drawn from the battery, if there is no
energy stored in the battery at that hour, backup
will be in use.

solar scaled RE (MWh) =

Annual REG (MWh) = Y875°(REG)

If [Load (MWh) - REG (MWh)] <0 the remaining
energy generated at that hour will be stored in
the battery if there’s available space in the
battery.

statement
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1

Else

{
ASB=0;

}
*RE Used (MWh) is calculated using the following if statement

if ([(load + ESB) — (REG + EDB)]<0)

{
RE Used (MWh) = (load + ESB);

}

Else

{
RE Used (MWH) = REG;

}
Annual RE used (MWh) = Y87%° RE Used (MWh) (5)
eThe percentage of annual RE used (MWh) is calculated with the following if statement

if (annual load=0)

{
Annual RE used (%) = 0;

}

Else

{

) | RE wsed (%) — (Annual RE used (MWh)) % 100
nnua used (%) = (Annual load (MWh))

}

Annual RE over generated (MWh) = Annual RE generated — Annual RE used (6)

e The percentage of annual RE over generated (MWh) is calculated with the following if statement
If (annual load=0)

{

Annual RE over generated (%) = 0;

}

Else
{

Annual RE over generated (%) =

}

Annual RE over generated (MWh)
Annual load (MWh)

X 100;

eEnergy curtailed (MWh) is calculated with the following if statement

If ([(load + ESB) — (REG + EDB)] < 0)

{
Energy curtailed (MWh) = —[(load + ESB) — (REG + EDB)];

}

Else

{
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0;
}

eHours curtailed (hours) is calculated with the following if statement,

If (Energy curtailed>0)
{

Hours curtailed(hours)=1;

}

else

{

Hours curtailed(hours)=0;

}

Annual hours curtailed is the sum of all the hours curtailed, used as a counter, if we curtailed at
specific hour the counter is increased by 1, else it will be zero, from the above if statement.

8760
Annual Hours Curtaied (hours) = Z Hours Curtailed

n=1

Table 2. Input and Output for No Renewable Energy

Scenario 1 Scenario 2
Energy storage (Battery) 8,000 8,000 MWh
Solar Installed Capacity 0 0 MwW
Wind Installed Capacity 0 0 MwW
Annual Load 1,629,305 1,629,305 MWh
Annual RE Generated 0 0 MWh
Renewable Used and Useful When Net Load>0
Annual RE Used 0 0 MWh
Annual RE Used 0 0 %
Annual RE Over-Generated 0 0 MWh
Annual RE Over-Generated 0 0 %
Annual Hours Curtailed 0 0 Hours
Peak (maximum load minus renewable) 322 322 MW
Minimum (load minus renewable) 101 101 MW
Energy Withdrawn from Storage 0 0 MWh
Baseload Generation 60 0 MWh
Annual Load 1,629,305 1,629,305 MWh
Annual Baseload 525,600 0 MWh
Net Annual Load - Baseload 1,103,705 1,629,305 MWh

Renewable Used and Useful When Net Load > Baseload (assuming baseload is ‘must take’)

Annual RE Used 0 0 MWh
Annual RE Used 0 0 MWh
Annual RE Over-Generated 0 0 MWh
Annual RE Over-Generated 0 0 %

Annual Hours Curtailed 0 0 Hours




Zubair; JENRR, 8(2): 1-20, 2021; Article no.JENRR.71318

zz2zzz  * 0% Renewable ¢ Solarinstalled capacity 0 MW » Wind installed capacity 0MW e Battery 8000
MWh ¢ Baseload 60 MW e Overgeneration (peryear): 935hours 0% 0GWh

500
B Overgeneration

400 age In (charge)
Storage Out
z 300 {discharge)
= [ Peaking [backup)

|H|“|||‘|\||J||.}|

Renewables

|
(L
100 b .......|Ile.-|"|""| pime B Baseload

—Load

o

B AT E A E ST YT TANT A ANTTEATT AT TEYANT AN E NS AR
(b)
222222 o 0% Renewable ¢ Solarinstalled capacity 0 MW o Wind installed capacity 0 MW o Battery 8000
MWh ¢ Baseload 60 MW e Overgeneration (peryear): 935hours 0% 0GWh

500
B Owergeneration

100 In [charge)

Storage Out
(discharge)

[ Peaking [backup)

Mw

Renewables
\N'II,|-n.\|l|||||””

I [ Baszload

100

— Load

Fig. 4. Load Plot with No Renewable (A) 3-D Plot Parallel View and Elevated View (B) 2-D Plot
with Baseload (Scenario1) (C) 2-D Plot with No Baseload (Scenario 2)
Table 3. Input and Output; 69% Renewable for Scenario 1 And 79% Renewable for Scenario 2

Scenario 1 Scenario 2
Energy Storage (Battery) 8,000 8,000 MWh
Solar Installed Capacity 800 800 MW
Wind Installed Capacity 0 0 MW
Annual Load 1,629,305 1,629,305 MWh
Annual RE Generated 1,291,641 1,291,641 MWh
Renewable Used and Useful When Net Load>0
Annual RE Used 1,231,066 1,288,195 MWh
Annual RE Used 69 79 %
Annual RE Over-Generated 160,575 3,446 MWh
Annual RE Over-Generated 10% 0% %
Annual Hours Curtailed 699 17 Hours
Peak (maximum load minus renewable) 278 278 MW
Minimum (load minus renewable) -522 -428 MW
Energy Withdrawn from Storage 527,845 546,906 MWh
Baseload Generation 60 0 MWh
Annual Load 1,629,305 1,629,305 MWh
Annual Baseload 525,600 0 MWh
Net Annual Load - Baseload 1,103,705 1,629,305 MWh
Renewable Used and Useful When Net Load > Baseload (assuming baseload is ‘must take’)
Annual RE Used 1,085,856 1,288,195 MWh
Annual RE Used 67 79 MWh
Annual RE Over -Generated 205,785 3,446 MWh
Annual RE Over -Generated 19 0 %
Annual Hours Curtailed 889 17 Hours
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cenario 1 And 34% Renewable for Scenario 2

Scenario 1 Scenario 2
Energy storage (Battery) 8,000 8,000 MWh
Solar Installed Capacity 0 0 MW
Wind Installed Capacity 800 800 MW
Annual load 1,629,305 1,629,305 MWh
Annual RE Generated 556,873 556,873 MWh
Renewable Used and Useful When Net Load>0
Annual RE Used 536,442 548,793 MWh
Annual RE Used 33 34 %
Annual RE Over-Generated 20,431 8,080 MWh
Annual RE Over-generated 1 0 %
Annual Hours Curtailed 54 22 Hours
Peak (Maximum load minus renewable) 311 11 MW
Minimum (Load minus renewable) -1,219 -664 MW
Energy Withdrawn from Storage 164,058 126,872 MWh
Baseload Generation 60 0 MWh
Annual Load 1,629,305 1,629,305 MWh
Annual Baseload 525,600 0 MWh
Net Annual Load - Baseload 1,103,705 1,629,305 MWh
Renewable Used and Useful When Net Load > Baseload (assuming baseload is ‘must take’)
Annual RE Used 532,878 548,793 MWh
Annual RE Used 33 34 MWh
Annual RE Over -Generated 23,995 8,080 MWh
Annual RE Over -Generated 2 0 %
Annual Hours Curtailed 68 22 Hours

It can be seen from Table 4 that with a solar
system size of OMW, wind of 800MW and battery
size of 800MWh, the annual REG is
556,873MWh to meet TRNC 2017 annual load of
1,629,305MWh, also | have 0% overgeneration
without using baseload, with baseload of 60MW |
have 1% of overgeneration and if | assume
baseload as must take energy overgeneration
will increase to 2%.

Clearly, it can be seen from Table 5 that with a
solar system size of 700MW, wind of 3000MW
and battery size of 800MWh, the annual REG is
1,339,013MWh to meet TRNC 2017 annual load

of 1,629,305MWh, also | have 2%
. s e
i d o
s i
& "o
L] -1
@ 18
i s ity

overgeneration without using baseload, with
baseload of 60MW | have 11% of overgeneration
and if | assume baseload as must take energy
overgeneration will increase to 21%.

The Fig. 7(d) above is a plot of too much
information in one graph, it's a plot of all the 365
days in a year, it will be nice to slide through the
graph above to see the period of backups clearly,
Fig. 8 bellow will plot 30 days interval, for a better
view.

The more renewable energy penetration the
narrower the peak becomes which will give room
for load shifting on the DSM, Fig. 9Ta bellow
illustrate this phenomenon better.
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Fig. 6. Load Plot With 33% Renewable for Scenario 1 And 34% Renewable for Scenario 2. (A) 3-
D Plot Parallel View and Elevated View for Scenario 1. (B) 3-D Plot Parallel View and Elevated
View for Scenario 2 (C) 2-D Plot with Baseload (Scenario 1) (D) 2-D Plot with No Baseload
(Scenario 2)
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Fig. 7. Load Plot With 71% Renewable for Scenario
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1 And 81% Renewable for Scenario 2. (A) 3-

D Plot Parallel View and Elevated View for Scenario 1. (B) 3-D Plot Parallel View and Elevated
View for Scenario 2 (C) 2-D Plot with Baseload (Scenario 1) (D) 2-D Plot with No Baseload
(Scenario 2)

Table 5. Input and Output; 71% Renewable for Scenario 1 And 81% Renewable for Scenario 2

Scenario 1 Scenario 2
Energy storage (Battery) 8,000 8,000 MWh
Solar Installed Capacity 700 700 MW
Wind Installed Capacity 300 300 MW
Annual load 1,629,305 1,629,305 MWh
Annual RE Generated 1,339,013 1,339,013 MWh
Renewable Used and Useful When Net Load>0
Annual RE Used 1,154,156 1,312,927 MWh
Annual RE Used 71 81 %
Annual RE Over-Generated 1884,857 26,086 MWh
Annual RE Over-generated 11 2 %
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Scenario 1 Scenario 2
Annual Hours Curtailed 742 93 Hours
Peak (Maximum load minus renewable) 273 275 MW
Minimum (Load minus renewable) -989 -989 MW
Energy Withdrawn from Storage 498,473 517,759 MWh
Baseload Generation 60 0 MWh
Annual Load 1,629,305 1,629,305 MWh
Annual Baseload 525,600 0 MWh
Net Annual Load - Baseload 1,103,705 1,629,305 MWh
Renewable Used and Useful When Net Load > Baseload (assuming baseload is ‘must take’)
Annual RE Used 1,105,949 1,312,927 MWh
Annual RE Used 68 81 MWh
Annual RE Over -Generated 233,064 26,086 MWh
Annual RE Over -Generated 21 2 %
Annual Hours Curtailed 935 93 Hours
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Fig. 9: 3-D Plot Parallel and Elevated View (Scenario 2). (A) 0% Renewable Energy (2017 TRNC
Load) (B) 34% Renewable Energy. (C) 79% Renewable Energy. (D) 81% Renewable Energy

6. CONCLUSION

Clearly, it can be concluded that in order for
TRNC to be able to make optimal use of their
renewable energy resources, which can be of a
better solution to their current energy challenges,
they must abandon baseload generation. As it
can be seen from this work, that baseload does
not allow lots of renewable energy penetration,
because baseload causes lots of overgeneration.
And to make use of renewable there will be need
to use more of the solar energy due to the high
potential solar holds in this region. It can also be
seen that, with installed capacity (system size) of
800MW for both solar and wind, solar generates
more renewable energy compared to wind. Even
though solar have numerous potentials over
wind, it is still very advisable to use a hybrid
system so as to reduce the battery size and also
to reduce downtime when the other resources
are not available. Also, it is clear that renewable
electricity generation will help in demand side
management. It can also be seen that the peak
of the load plot with no RE is very broad, which
will be very difficult for load shifting; however,
penetration of renewable energy narrows the
peak, the more renewable energy the narrower
the peaks become. This can easily allow load
shifing down the valley, which was also
illustrated in the result section. The only
disadvantage and challenge that TRNC might

18

face changing their electricity production into
renewable, is the high cost of setting up a
renewable energy plant.

| strongly recommend TRNC to look into using
more renewable source(s) of energy in their
electricity generation so as to cut low their
expenses on fossil fuels, and also to reduce the
negative environmental effect that fossil fuels can
cause.
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