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Abstract

Nearly all of the required power is supplied by the conventional fossil fuel fired thermal plants in the Turkish Cypriot community in Cyprus. Similar situation is a reality for the Greek Cypriot community also. Therefore, Cyprus is dependent on imported fossil fuels. 
However, depletion of the fossil fuels and accordingly the rapid rise in the energy prices are two big problems in the use of these fuels. In addition, the environmental impact of fossil fuels is the other subject that should be considered during the evaluation of fossil fuels, because emissions from the burnt fossil fuels are known as the main reason of global warming. Therefore, the dependency on the fossil fuels is needed to be reduced and sustainable alternatives should be found. This study addresses two sustainable energy sources, the solar power and wind energy, for the future energy supply of Cyprus. 
After a short discussion on the global energy trends, renewable energy sources and their applications will be presented and evaluated in this study. Active and passive solar energy applications will be presented. Trombe wall, solar chimney, earth tube and overhangs will be discussed as passive solar energy systems. On the other hand, solar thermal water heating / power and solar photovoltaic systems will be considered as active solar energy systems. A case study will be presented that evaluates solar micro-generation systems in a house found in Cyprus. Also, another case study will be presented which involves the results of the studies on the techno-economical and environmental feasibility evaluation related with the implementation of 1 MW Photovoltaic Power plant and 10 MW Wind Power plant in Cyprus. As a conclusion, some comments will be given on the current situation and future works. 
1. Global Energy Trends

Energy consumption in developed countries grows at a rate of approximately 1% per year, and at a rate of 5% per year in developing countries [1]. The future demand for electricity  assessed from time to time by the International Energy Agency (IEA) shows that the world’s electricity consumption is expected almost to double by the year 2020 [2]. Fossil fuels, which have been primarily the only source of energy contributing, presently, to 80% of the world’s primary energy are facing rapid deterioration, and appear to be insufficient to match the near future energy demands of the world. Moreover, fossil fuels inflict enormous impacts on the environment. Climatic changes driven by energy production in particular the production of greenhouse gas (GHG) emissions directly affect the environment. According to the world health organization (WHO), as many as 160,000 people die each year from the side-effects of climate change and the numbers could almost double by 2020 [3]. Therefore, to meet the rapidly increasing global energy needs, without irreparable environmental damage require long-term potential actions for sustainable development. Countries need solutions for energy consumption to support their development in the next phases of economic growth. In this regard, energy efficiency and renewable energy resources appear to be one of the most efficient and effective solutions [4, 5]. 

2. Renewable Energy Systems

There are five different main Renewable Energy Sources. Among these sources, Renewable Energy Systems that use solar and wind energy will be considered and discussed in this section.
2.1 Solar Energy Systems

Solar Energy Systems can be categorized as follows;
2.1.1. Heating Systems; Direct Heating, Ventilating, Heat Storage Systems and Indirect Heating Systems

2.1.2. Electricity Production Systems; Photo-voltaic and Solar Thermal Power Systems
2.2 2.1.1. Heating Systems

The Solar Thermal systems are used to heat usage water at domestic residences, to heat swimming pools, to heat water that is circulated in under floor heating systems. 
The Trombe wall is the most attractive indirect-gain passive heating design. It is a clever device for collecting and storing heat from the sun during the day and releasing heat into the building space during the night. This application can be considered environmentally-friendly since there are zero emissions during the heating process. 

The Earth Tube systems can also be considered as Solar Heating Systems. Earth tube systems or also called earth to air systems are an interesting technique to reduce energy consumption in any places. The purpose is to provide some pre-conditioning of the air- pre-heating in the winter or pre-cooling in the summer. Earth tubes are long metallic, plastic or concrete pipes that are laid underground and are connected to the air into the buildings, particularly houses. 

A stack-effect ventilation system is an example of solar ventilation systems that can be constructed to take out the warm air from the volume and replace by cooler air admitted through low openings around the building perimeter. It is possible to enhance this stack-effect by using the sun to create a solar chimney to increase the convective flow by increasing the temperature difference within the system. The solar chimney eliminates the need of using a fan for the air movement. Any prevailing wind will create a negative pressure at the top of the chimney which will speed the air flow exiting the chimney.
2.1.2. Electricity Production Systems

Photovoltaic (PV) solar panels are used to convert sunlight directly to electricity. There are two types of PV systems; On-grid and Off-grid systems. Off-grid Systems are systems with batteries that can store electricity produced by the PV panels and can use this energy when required. On the other hand, On-grid systems have no batteries and give extra electricity to grid during daytime and use electricity from grid during nights. 
Solar Thermal Power Systems use solar heat to vaporize water that is supplied to turbines and generators to produce electricity similar to Thermal Power plants.
2.2. Wind Energy Systems

Wind energy is a form of energy conversion which based on transformation of kinetic energy of wind into electrical or mechanical energy that can be used for power.
3. Some Case Studies in the Turkish Cypriot Community of Cyprus

3.1.  Micro-generation Applications in a House in the Turkish Cypriot Community
This study summarizes technical, environmental and economical feasibility of selected residential solar energy applications. Mainly, PV systems with four different peak loads, application of a Trombe-wall and two different solar thermal systems, locally produced (LPS) and imported (IS), are considered and evaluated. In addition, some other passive cooling alternatives are discussed through this study. [6,7]   

A Trombe wall of area 11.55 m2 together with a direct solar gain window is incorporated into the design in order to provide winter heating for the living room. The thermal performance analysis, that is executed for 13th and 14th of January weather data by TRNSYS (Transient System Simulation) program, showed that the temperature range of the living room was within 18-22oC throughout the two-days considered in the analysis.
Table 1. Summary of Evaluations
	
	Application
	Annual Net Savings
	Installed Cost

(TL)
	Life Cycle Cost Indicators
	Emissions Reductions

	
	
	Energy (Site) (kWh)
	Energy (Source) (kWh)
	Money

(TL)
	
	NPV

(TL)
	SIR
	IRR
	SPP
	CO2
(kg/yr)
	SOx
(gr/yr)
	NOx
(gr/yr)

	1
	LPS
	3,050
	9,240
	3,234
	1,000
	9,553
	7.5
	104%
	1.0
	2,430
	13,580
	6,870

	2
	IS
	3,662
	11,096
	3,884
	3,000
	8,028
	3.7
	35%
	2.9
	2,918
	16,310
	8,240


Two different types of Solar Water Heaters are selected; LPS with a maximum system efficiency of approximately 55% and IS with an efficiency of approximately 80%. The life-time of the IS systems are longer. These systems are compared with 3-kW storage-type electric water heaters. Economically, both of these investments are feasible as (Table 1), Net Present Values are positive, Saving-to-Investment Ratios (are over 1, Internal-Rate-of-Return values are over discount rate and Simple Payback Periods are very short when compared to the life durations of both systems. However, LPS is more profitable with better economical indicators due to very low investment cost.

Grid-connected PV systems with four different peak load capacities, 1, 2, 3, and 4 kW, are considered. Technical, economical and environmental parameters considered during this evaluation are presented in Table 2. It is found that PV systems with 2, 3 and 4 kW loads are economically feasible but 1 kW system is infeasible. Profitability increases as capacity increases due to higher Feed in Tariff value compared to the regular electricity tariff, where income increases as amount of energy produced increases. Environmentally, all of these systems reduce GHG emissions which are directly proportional to the peak load capacity variation.

Table 2. Summary of Evaluations

	
	Application
	Annual Net Savings
	Installed Cost

(TL)
	Life Cycle Cost Indicators
	Emissions Reductions

	
	
	Energy (Site) (kWh)
	Energy (Source) (kWh)
	Money

(TL)
	
	NPV

(TL)
	SIR
	IRR
	SPP
	CO2
(kg/yr)
	SOx
(gr/yr)
	NOx
(gr/yr)

	1
	1 kW
	3,180
	9,636
	780
	13,125
	-4,863
	0.6
	2%
	16.8
	2,534
	14,166
	7,160

	2
	2 kW
	6,360
	19,273
	3,324
	26,250
	8,965
	1,3
	11%
	7.9
	5,069
	28,331
	14,320

	3
	3 kW
	9,540
	28,909
	5,868
	39,375
	22,789
	1,6
	14%
	6,7
	7,603
	42,496
	21,480

	4
	4 kW
	12,720
	38,546
	8,412
	52,500
	36,615
	1,7
	15%
	6,2
	10,138
	56,662
	28,639


3.2. Viability Analysis of 1 MW PV Plant in the Turkish Cypriot Community of Cyprus

The objective of this study is to examine techno-economical and environmental feasibility of 1 MW grid connected solar photovoltaic (PV) power plant at three different cities in the Turkish Cypriot community. Long term solar radiation and sunshine duration data for Nicosia, Morphou and Rizokarpaso, are considered and analyzed to assess the distribution of solar radiation, sunshine duration, air temperature and humidity. In addition, two different solar panel mounting systems, fixed panels with 35( and two axis solar tracking system, are compared. The project viability analysis is performed using RETScreen version 4.0 software through electric energy production analysis, financial analysis, and green house gas (GHG) emission analysis. [8]   
Table 3. Results of calculations according to the RETScreen software.

	
	Fixed-axis

	
	NPV

(million $)
	IRR

(%)
	SPP

(year)
	SIR
	EPC

$/MWh
	tCO2
	BCO

	Nicosia
	2,35
	10,9
	6,3
	1,35
	540,25
	1.326
	3.084

	Morphou
	3,19
	12,4
	5,9
	1,48
	509,45
	1.406
	3.270

	Rizokarpaso
	2,75
	11,6
	6,1
	1,41
	524,93
	1.364
	3.172

	
	Two-axis

	
	NPV

(million $)
	IRR

(%)
	SPP

(year)
	B-C
	EPC

$/MWh
	tCO2
	BCO

	Nicosia
	5,80
	14,6
	5,5
	1,72
	451,88
	1.813
	4.216

	Morphou
	7,20
	16,3
	5,1
	1,90
	420,67
	1.948
	4.530

	Rizokarpaso
	6,44
	15,4
	5,3
	1,80
	437,14
	1.874
	4.358


It is found that all of the sites considered through this study are feasible for a 1 MW solar PV power plant investment. However, Morphou offers highest profitability, energy production and GHG emission reduction. On the other hand, it is also observed that economical and environmental feasibility of these investments increases if two axis tracking system is used rather than mounting solar collectors on a fixed structure. Finally, the preliminary economic analysis recommends the implementation of PV technology in the Turkish Cypriot community.
3.3.  Viability Analysis of 10 MW Wind Farm in the Turkish Cypriot Community of Cyprus

This study examines the techno-economically and environmentally feasible places in the Turkish Cypriot community to build a 10 MW Wind Farm. Therefore, feasibility of Wind Power Plants is studied as an alternative to fossil fueled power plants in this paper. Long term wind speed data for three sites, Nicosia, Morphou and Rizokarpaso, are considered and analyzed to assess the distribution of wind speed using RETScreen software. [9]   

Table 4. RETScreen Results

	SYSTEM
	Cities
	NPV

(million $)
	IRR

(%)
	SPP

(year)
	EPC

($/MWh)
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)

	Wind Power
	Nicosia
	24,105
	19,3
	4,9
	164,14
	156

	
	Morphou
	4,231
	9,8
	8,0
	261,94
	44

	
	Rizokarpaso
	36,535
	24,8
	3,9
	133,07
	192


The results show that economically and environmentally, Rizokarpaso is the most feasible site to construct such a plant. On the other hand, construction of the Wind Power Plants in either site will have positive effect to mitigate GHG emission.

4. Conclusion

According to the presented studies, it is clear that solar and wind energy sources can be considered as sustainable alternatives to the imported fossil fuel sources for Cyprus. However public awareness and governmental support should be increased in order to promote the use of these sources.
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