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Abstract  
 

Energy is critical to the economic growth and social development of any country. Indigenous 
energy resources need to be developed to the optimum level to minimize dependence on 
imported fuels, subject to resolving economic, environmental and social constraints. This led to a 
boost in research and development as well as investment in renewable energy industry in search 
of ways to meet energy demand and to reduce dependency on fossil fuels. 

Wind and solar energy are becoming popular owing to abundance, availability and ease of 
harnessing for electrical power generation. This thesis focuses on an integrated hybrid renewable 
energy system consisting of wind and solar energy. 

Sri Lanka, a small island located south of the Indian subcontinent, has been blessed with 
renewable energy sources. According to the national energy policy a 10% share is targeted from 
NCRE (Non-Conventional Renewable Energy) sources by 2015 and 20% by 2020 out of total 
electricity generation in Sri Lanka. 

This thesis provides an insight into the energy scenario and present situation of renewable energy 
development in Sri Lanka. According to wind and solar potential maps of Sri Lanka which were 
developed by NREL in 2003, many parts of the country have potential to developed economic 
power generation. Through these maps locations were identified where both wind and solar 
potential is high. A detailed study was carried out in these locations with real time field data.  

The focal point of this thesis is to propose and evaluate a wind-solar hybrid power generation 
system for a selected location. Grid tied power generation systems make use of solar PV or wind 
turbines to produce electricity and supply the load by connecting to grid. In this study, HOMER 
(Hybrid Optimization Model for Electric Renewables) computer modeling software was used to 
model the power system, its physical behavior and its life cycle cost.  

The hybrid power system was designed for Hambantota District in Southern Sri Lanka. Through 
the simulation process, installation of 8 numbers of 850kW wind turbines and 1MW solar PV 
modules were identified as most economical to supply average of 3MW load connected to grid 
where the simple payback period of the system was 3.4 years.    
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Chapter 1 

1 Introduction 

1.1 Background 
 

In the present world, every country is giving important place on energy security and sustainable 
development; hence role of renewable energy has become ever more significant. With the 
expectation of promoting electricity generation based on non-conventional renewable energy, 
the government of Sri Lanka introduced an energy policy to achieve a 10% target of power 
generation through non-conventional renewable energy by year 2015 and 20% by 2020[1].  

Sri Lanka is an island, located in Indian subcontinent, having land area of 65,610km2 and 
approximately 1,000km of sea boundary. Energy sources of Sri Lanka consist of primarily 
biomass, petroleum, coal and non–conventional renewable energy that contribute 43.7%, 43.4%, 
2.9% and 1.6% of total energy, respectively. In the power sector, the total installed capacity for 
electricity generation was 3,290MW with hydropower 1,616MW, thermal 1,575MW, wind 
81MW, biomass 16MW and 1.42MW solar. Out of above installed capacity, hydro, wind, 
biomass and solar which are considered as renewable sources, accounts for 1,715MW [2]. 

 

Figure 1-1: Map of Sri Lanka 

The hydro power generation is mainly dependent on water stored in reservoirs basically under 
the double purpose of power generation and irrigation. During the periods of prolonged drought 
the generation of power is severely curtailed compelling to increase the thermal power generating 
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capacity utilizing petroleum. Sri Lanka doesn’t have any fossil fuel resources, so all fossil fuels 
need to be imported. The steep rise in the world oil prices in the recent past has resulted in a 
great burden to the country’s economy in supplying of petroleum.  

The annual rate of rise of electricity demand is estimated as 8% - 10% in Sri Lanka and per capita 
consumption of electricity in 2013 is 519kWh/per person [3]. Electrification level of households 
is 96% in 2013 and Sri Lanka government had a target to achieve 100% electrification in end of 
year 2015 [1]. However, the present energy resources in Sri Lanka fail to meet these criteria and 
therefore, the need for diversification arises. The utilization rate of renewable resources such as 
solar, wind, small hydro and biomass is relatively small in the country. 

Ensuring energy security, energy resources used in the country in the future need to be 
diversified. Also to ensure the continuity of supply, energy mix need to be rationalized 
considering important factors, such as economic cost, environmental impact, reliability of 
supplies and convenience to consumers.  

The hybrid renewable power generation is a system aimed at the production and utilization of 
the electrical energy stemming from more than one source, provided that at least one of them is 
renewable.  

Through this thesis it is expected to give concern about development of the wind-solar hybrid 
power generation systems where wind solar potential is high in Sri Lanka. Under this thesis, solar 
energy and wind energy potentials are going to be investigated at geographically different 
locations in Sri Lanka by collecting data from different sources. Then selected locations are going 
to be analyzed using a software tool. Hybrid Optimization Model for Electric Renewables 
(HOMER) software will be used to analyze the data. The software is a micro-power optimization 
model for both off-grid and grid connected power systems in a variety of applications.  

Wind-solar hybrid system has numerous advantages. One of the advantages is reliability, when 
solar and wind power production resources are used together, reliability is improved and the 
system energy service is enhanced. What this mean is that in the absence of one type of energy, 
another would be available to carry out the service. Other advantages are the stability and lower 
maintenance requirements, thus reducing downtime during repairs or routine maintenance. In 
addition to these, as well as being indigenous and free, renewable energy resources contribute to 
the reduction of pollution emissions.  
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1.2 Problem Identification & Motivation 

 
With the world oil crisis, dangers of overdependence on oil pushed for the development of 
alternative energy sources. Current international trend in electricity generation is to utilize 
renewable energy resources. Solar, wind, biomass, micro hydro systems can be seen as suitable 
alternatives to conventional power. With the expectation of promoting electricity generation 
based on non-conventional renewable energy, the Government of Sri Lanka introduced an 
Energy Policy to achieve a 10% target of power generation through non-conventional renewable 
energy by year 2015 and 20% by 2020 [1]. 

According to the wind energy resource atlas of Sri Lanka developed by the National Renewable 
Energy Laboratory (NREL) of the United States, there are 5,000km2 of windy areas with good to 
excellent wind resource potential in Sri Lanka. The windy area represents about 6% of total land 
area of Sri Lanka and this windy area could support 24,000MW [4]. 

Sri Lanka is situated close to the equator, therefore receives an abundant supply solar radiation 
year around. Solar radiation over the island does not show a marked seasonal variation, though 
significant spatial differentiation could be observed between the lowlands and mountain regions. 
Over most parts of the flat dry zone, which accounts for two-thirds of the land area, solar 
radiation varies between 4.5 – 6.0 kWh/m2/day. Solar radiation levels remain as low as 2.0 – 3.5 
kWh/m2/day over the high plains of hill country due to the significant cloud cover over most 
parts of the day [5]. Thus, a substantial potential exists in the dry zone of Sri Lanka for 
harnessing solar energy. 

So far these vast renewable energy resources, wind and solar, are not sufficiently harnessed for 
electricity generation in Sri Lanka. Thus, in this thesis a hybrid renewable power generation 
system integrating the available solar and wind resources will be investigated in detail for a 
specific location. 

  

1.3 Objectives of the Thesis 
 

The main objective of the thesis is to design and assess the performance of a wind-solar hybrid 
system for electricity generation at a chosen location in Sri Lanka.   

Specific Objectives: 

 Discuss energy market in Sri Lanka 
 Discuss problems of energy sector and need for renewable energy in Sri Lanka. 
 Study the Wind – Solar potential in different geographical locations in Sri Lanka by 

analyzing data from different sources. 
 Design a wind – solar hybrid system for a selected suitable location. 
 Economic analysis of the wind-solar hybrid power generation system. 
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1.4 Methodology 
 

Initially, literature review was done to get better understanding about the energy situation and 
problems of energy sector in Sri Lanka. Designing wind-solar hybrid system is new concept in a 
Sri Lankan context. Hence related literature was studied. In order to identify wind and solar 
potential of Sri Lanka, previous study was analyzed that has been carried out in Sri Lanka.  

1. Literature review  
Analyze energy situation in Sri Lanka 
Identify different locations where wind and solar potential are high 

2. Analyze wind and solar data available in different identified locations. 
 Data from NASA Satellite Surface Meteorology and Solar Energy  
 Wind and solar data available in Meteorological Department, Sri Lanka 
 Wind and solar data available in Sri Lanka Sustainable Energy Authority 

3. Identify a location that has available both wind and solar potential. 
4. Design and analyze a wind-solar hybrid system for the selected location using the 

software tool (HOMER). 

1.5 Literature Review 
 

To get a better insight about the different energy resources, energy supply, wind and solar 
potential in Sri Lanka and hybrid power generation system, an elaborated literature study was 
carried out. Under the literature study, the general introduction about the energy sector of Sri 
Lanka is described in Chapter 2. Chapters 3 through 5 are presented as a literature study of wind 
and solar potential of Sri Lanka.  

   

1.6 Outline of the Thesis 
 

This thesis is organized in 9 chapters. General introduction about the thesis on “Design of wind 
solar hybrid power generation system for Sri Lanka” is described in Chapter 1. Besides problem 
statement and motivation, objective of the study and methodology of the thesis are included.  

Under the literature study, Chapter 2 covers introduction about energy sector of Sri Lanka and 
problems of energy sector in Sri Lanka. Chapter 3 and Chapter 5 contain basic background 
theory of wind and solar energy resources. In chapter 4 and Chapter 6 previous assessments of 
wind and solar resources of Sri Lanka are presented.  

Chapter 7 includes the data analysis of wind and solar resource in identified locations and 
Chapter 8 describes the design details of wind-solar hybrid power generation system. Finally, 
Chapter 9 presents the results of the thesis, conclusions drawn and recommendations made.  
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Chapter 2 

2 Energy Sector in Sri Lanka 

2.1 Energy Resources 
 

Due to geo-climatic conditions, Sri Lanka is blessed with several forms of renewable energy 
resources. Some of them are widely used and developed to supply the energy requirement of the 
country. Others have the potential for development when the technologies become mature and 
economically feasible for use. Following are the main renewable resources available in Sri Lanka.  

• Biomass 
• Hydro Power 
• Solar 
• Wind 

In addition to the above indigenous renewable resources, the availability of petroleum within the 
country territory is being investigated.  

Petroleum, Coal, Natural Gas, Nuclear Energy are the most common energy sources globally 
available for electricity supply purposes. However, in Sri Lanka petroleum and coal are imported 
in large scale into the country as a source of energy while coal is imported very recently for 
electricity generation. The use of other energy sources is still being studied.  

Biomass 

Large quantities of firewood and other biomass resources are used for cooking in rural 
households. Even though the majority of energy needs of the rural population are fulfilled by the 
use of firewood, there are possibilities of further increasing the use of biomass for energy 
purposes in the country, especially for electricity generation. 

Hydro Power  

Hydro Power is a key energy source used for electricity generation in Sri Lanka. Better part of 
the major hydro potential has been already developed and they are delivering valuable low cost 
electricity. Currently, hydro power stations are operated to supply both peaking and base 
electricity generation requirement.  

Apart from the grid connected large hydro power stations, many small scale hydro power plants 
are in operation serving off-grid loads and grid connected loads. A substantial number of small 
scale hydro power stations have been already connected to the national grid and many more is 
expected to join in.    
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Wind 

According to the wind energy resource atlas of Sri Lanka developed by the National Renewable 
Energy Laboratory (NREL), there are 5,000km2 of windy areas with good to excellent wind 
resource potential in Sri Lanka. The windy area represents about 6% of total land area of Sri 
Lanka and this windy area could support 24,000MW [4]. 

Solar 

Being located close to the equator, Sri Lanka does not experience a marked seasonal variation in 
solar radiation over the island, though significant spatial differentiation could be observed in 
between the low lands and mountain regions.  

2.2 Energy Supply 
 

Energy is a vital input to our day to day life in the households, industry and commercial sector. 
To understand the status of the energy sector of a country, what is more important is not the 
availability of different energy resources, but the extent of use of these resources. Availability of 
a resource within a country does not guarantee its utilization. Therefore, it is more important to 
analyze the resources which are actually being used to meet the energy demand of the country. 
Following are the main energy supply forms in Sri Lanka. 

• Biomass 
• Petroleum 
• Electricity 

Energy needs of the country are fulfilled either directly by primary energy sources such as 
biomass and petroleum or by secondary sources such as electricity produced using petroleum, 
hydro and biomass. Energy supply by different sources from 2006 to 2010 is shown in table 2.1.  

Table 2-1 : Supply of Energy by Different Sources (thousand toe)[5] 

Primary Energy Sources in Sri Lanka (Thousand toe)  
Source 2006 2007 2008 2009 2010 
Biomass  4,712.77 4,688.52 4,652.53 4,762.41 5,042.05 
Petroleum  4,002.44 4,237.98 3,928.97 3,896.53 4,543.87 
Hydro and Coal 1,112.17 947.26 991.06 931.46 1,352.28 
Non-conventional 
renewable  4.08 4.28 4.66 4.88 4.91 

Total 9,831.46 9,878.04 9,577.22 9,595.28 10,943.11 
 

At present, the larger share of the total primary energy supply is met by biomass at 43.7% and 
petroleum at 43.4%. Coal accounts for 2.9%, followed by 8.5% of hydro power and 1.6% of 
Non-conventional Renewable Energy (NCRE) [2]. 
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2.2.1 Energy Supply from Biomass 
 

Biomass is the most common source of energy supply in the country with the majority use 
coming from domestic sector for cooking purposes. Due to the abundant availability, only a 
limited portion of the total biomass usage is channeled through a commodity market and hence 
the value of the energy source by biomass is not properly accounted.  

Biomass comes in different forms - such as Fuel wood, municipal waste, Industrial waste, 
Agricultural waste. Fuel wood is the most common form of biomass available in Sri Lanka. Some 
gardens and forests supply the major portion of the biomass requirement of the country. Energy 
statics of 2011 shows that biomass used accounts for about 45.8% of the total primary energy 
supply [2]. Nearly 90% of the biomass supply is from fuel wood. Biomass fuels are consumed 
mostly households, but also in tea, rubber, brick and tile industry to a great extent. A very little 
amount of biomass is converted to charcoal and electricity. Although there is a potential for 
biomass based electricity generation, developments are still at initial stages. The first grid 
connected biomass based power plant was commissioned in 2004 which was 1MW power plant 
in the village of Walapane.  

 

2.2.2 Energy Supply from Petroleum 
 

Country’s petroleum product requirement are met either as direct import of finished products or 
by processing imported crude oil. Imported petroleum accounts for 43.7% of primary energy 
supply in 2011 and total value of imports of petroleum products and crude oil in 2011 is US$ 2.7 
billion [6]. As a result of increased thermal electricity generation, the demand for diesel oil and 
fuel oil has increased substantially in recent past. The imported petroleum products for 2010 are 
shown in table 2.2.  

Table 2-2: Petroleum Product Imports (Thousand tones) [6] 

2010 Petroleum Product Imports       (Thousand tones) 
Crude Oil 1,819.43 
LPG 137.14 

Super Petrol 451.79 
Aviation fuel 222.81 
Diesel 1,199.17 
Fuel Oil 422.99 
Avgas 0.25 
Bitumen 45.46 

 

The bulk of the country’s petroleum product requirements are imported as crude oil, which is 
then processed at the Ceylon Petroleum Corporation (CPC) refinery at Sapugaskanda.   
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2.2.3 Energy supply from Hydro 
 

The topography of the country provides an excellent opportunity to harness the energy stored in 
river water which flows from the central hill country to the ocean surrounding the island. Sri 
Lanka has two main hydro power complexes, namely Laxapana and Mahaweli. Mahaweli 
complex is based on Mahaweli River. In addition, there are two independent large scale hydro 
power stations, namely Samanalawewa and Kukule Ganga. Also small scale power plants such as 
Inginiyagala and Udawalawa are also generating hydropower using their respective reservoir 
storages. Table 2.3 shows list of hydro power plants and their capacities. The small power 
producers who operate micro scale hydro power plants also contribute to national energy supply 
through hydro power.   

Table 2-3: Capacities of Hydro Power Stations [3] 

Name of Hydro 
Power Station 

Plant 
Capacity 
(MW) 

Name of the 
Reservoir  

Live 
Storage 
(million 
m3) 

Generation 
in 
2011(GWh) 

Share in 
Hydro 
Generation 
(%) 

Laxapana Complex 
Wimalasurendra  50 Castlereigh Reservoir  44.8 102.3 2.6 
Canyon  60 Maussakelle Reservoir  123.4 138.4 3.5 
Laxapana  50 Norton Pond  0.4 258.4 6.5 
Samanala  75 Laxapana Pond  0.4 384.5 9.7 
New Laxapana  100 Canyon Pond  1.2 481.5 12.1 
Mahaweli Complex 
Kotmale  201 Kotmale Reservoir  172.6 327.7 8.2 
Nilambe  3 - - 9.9 0.2 
Ukuwela  38 Polgolla Barrage - 157.5 4 
Bowatenna  40 Bowatenna Reservoir  49.9 78.8 2 
Victoria  210 Victoria Reservoir  721.2 747 18.8 
Randenigala  122 Randenigala Reservoir  875 413.8 10.4 
Rantembe  49 Rantembe Pond  21 205.3 5.2 
Samanala Complex 
Inginiyagala  11 Inginiyagala Reservoir - 44.3 1.1 
Uda Walawa  6 Uda Walawa  - 11.5 0.3 

Samanalawewa  120 
Samanalawewa 
Reservoir 278 293.8 7.4 

Kukule Ganga  70 - - 318.1 8 

Total  1,205 
  

3,972.8 100 
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2.2.4 Energy supply from Solar 
 

Solar energy is used mostly in non-commercial forms. Therefore, similar to biomass, the total 
usage of solar energy is not quantified properly. However, solar energy is the most frequently 
used form of energy in day to day life and its supply is unrestricted and persistent throughout the 
year in most parts of the country. Drying, Heating and electricity production are the most 
common uses of solar energy in Sri Lanka. 

The Ceylon Electricity Board pioneered the introduction of solar photovoltaic technology in Sri 
Lanka during early 1980s and later solar photovoltaic applications saw a significant growth due 
to the efforts of the private sector. Two projects, funded by Japanese and Korean government’s 
500kW and 737kW grid tied first solar power stations were installed in the same location 
Baruthankanda in Hambantota in 2011.  

 
Figure 2-1: Photographs of Baruthakanda Solar Plant – Hambantota 

 

2.2.5 Energy supply from Wind 
 

In 1999, CEB commissioned the first grid connected wind power plant primarily as a pilot 
project. The pilot wind plant is located in a 17 ha land close to Hambantota town. The total 
capacity of the wind farm is 3 MW consisting of 5 wind turbine generators of 600 kW each. 

 

 

 

 

 

 

Figure 2-2: Photographs of 3 MW of pilot wind power project on the south coast (Hambantota)  

The first private, grid connected 10MW wind farm was commissioned in Mampuri of the 
Puttalam District in 2010. At present capacity of 73MW wind power plants have been installed in 
Sri Lanka.  
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Table 2.4 describes the primary energy supply of Sri Lanka. Based on these data, figure 2.2 
illustrate the variation of contribution by each primary energy source over the period. 

Table 2-4 : Primary Energy Supply in Sri Lanka [2] 

Thousand toe 

Year 1980 1990 2000 2002 2004 2006 2008 2009 2010 
Biomass   

3,310.76  
  

3,829.41  
  

4,469.81  
  

4,310.57  
  

4,513.25  
  

4,747.85  
 

4675.00  
 

4786.24  
 

4953.98  
Petroleum   

1,183.04  
  

1,329.82  
  

3,575.32  
  

3,652.57  
  

4,131.90  
  

3,965.47  
 

4066.32  
 

4130.91  
 

4420.48  
Hydro      

355.22  
     

754.73  
     

767.28  
     

646.10  
     

710.71  
  

1,112.20  
 
 

1054.72 

 
 

1000.53 

 
 

1436.91 Non-conv.  -   -            
2.73  

          
3.21  

          
3.59  

          
4.08  

Total   
4,849.02  

  
5,913.96  

  
8,815.14  

  
8,612.45  

  
9,359.45  

  
9,829.60  

               
9796.04   

               
9917.68   

               
10811.37   

percentage (%) 
Biomass 68.28% 64.75% 50.71% 50.05% 48.22% 48.30% 47.72%  48.26% 45.82%  
Petroleum 24.40% 22.49% 40.56% 42.41% 44.15% 40.34% 41.50% 41.65% 40.88%  
Hydro 7.33% 12.76% 8.70% 7.50% 7.59% 11.31%  

11.25%  
  

  
10.09%  

  
13.3%  Non-conv. - - 0.03% 0.04% 0.04% 0.04% 

 

 

 

Figure 2-3 : Share of Primary Energy Supply 
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2.3 Production of Electricity 
 

Electricity generation in the country can be broadly divided into two parts based on whether they 
are connected to national grid or whether they run isolated. Sri Lanka has a main transmission 
grid, which covers almost all parts of the country. However, isolated power generating facilities 
are available in some locations either due to unavailability of national grid or as a matter of 
policy. In addition, standby power supplies are also available in most industries and commercial 
facilities, although their generation is very minimal due to short term nature of operation.  

By the end of 2011, total installed power generation capacity of the country was 3141MW, of 
which 99% was grid connected [3].  
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Chapter 3 

3 Wind Energy 
 

Wind energy is converted solar energy. The sun radiates energy on to the Earth and the Earth is 
heated unevenly. The atmosphere heats up much more quickly in the equator regions than in the 
rest of the globe. Lands heat up (and cool down) more quickly than the oceans do. This 
differential heating of the earth drives a global atmospheric convection system and resulting 
different air pressure fluctuations.  

Wind is the movement of air caused by pressure difference within the atmosphere. This pressure 
difference exerts a force that causes air mass to move from a region of high pressure to one of 
low pressure. That movement of air is referred to wind. Wind power is the transformation of 
wind energy into more utilizable forms, typically electricity using wind turbines.  

 

3.1 History of Wind Energy 
 

Harnessing the wind is one of the oldest methods of generating energy. Since ancient times man 
has used the help of windmills to grind the harvest and to pump water. With the appearance of 
electricity of the end of the nineteenth century, the first prototype of modern wind turbine was 
built, using technology based on the classical windmill. The sudden increases in the price of oil in 
1973 stimulated a number of research, development and demonstrations of wind turbines and 
other alternative energy technologies in different countries [7]. 

 

3.2 Wind Power 
 

Energy available in wind is basically the kinetic energy of large masses of air moving over the 
earth surface. Blades of the wind turbine receive this kinetic energy, which is then transformed to 
useful mechanical energy, which is then transformed further to mechanical or electrical energy 
depending on the end use.  

A wind rotor of cross sectional area A in m2 is exposed to wind stream with velocity V in m/s as 
depicted in figure 3.1 below. 
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Figure 3-1 : Air moving with velocity V m/s towards area A m2 

 

Wind is air in motion. An air mass flowing through an area A(m2) with a Velocity V(m/s) 
represents mass flow rate, 

�̇� = 𝜌𝜌𝜌 

Kinetic energy per second or the power possessed by moving air is, therefore,  

𝑃𝑤𝑤𝑤𝑤 =  
1
2
𝑚𝜌2 

Substituting for mass flow rate in the equation for power in the wind, 

𝑃𝑤𝑤𝑤𝑤 =  
1
2
𝜌𝜌𝜌3 

As shown in the equation above, the power of the wind is proportional to the cube of the wind 
speed. This means that if the wind speed is doubled the power of the wind will become 
eightfold.  

The most accurate estimate for wind power density is given by following equation. 

𝑃 =
1
2

 𝜌      
1
𝑛

    �     (𝜌𝑗𝜌3𝑗)
𝑤

𝑗=1

 

Where n is the number of wind speed reading and 𝜌𝑗and 𝜌𝑗 are the 𝑗𝑡ℎ reading of the air density 
and wind speed.  

As shown in the equation output power is related to the area intercepting the wind, i.e. area 
swept by the wind turbine rotor. For horizontal axis turbine, the rotor swept area is, 

𝜌 =
𝜋
4
𝐷2 

Where, D is the rotor diameter in meters. Relatively small increases in blade length or in rotor 
diameter produce a correspondingly bigger increase in the swept area, and therefore in power. 
The wind turbine with the larger rotor will generate more electricity than a turbine with a smaller 
rotor.   

V 
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3.3 Wind Turbine  
 

Wind turbines work by converting the kinetic energy in the wind, first to rotational kinetic 
energy in the turbine and then electrical energy that can be supplied via the national grid. The 
energy available for conversion mainly depends on the wind speed and swept area of the turbine. 
Wind turbines are available in various sizes from a large number of wind turbine manufacturers, 
agents and developers.  

The wind profile and wind speed at specific site need to be evaluated to identify which turbine is 
suitable for the particular site condition. As the wind turbine itself may be as much as 70% of the 
total project cost it is vital that it produces optimal electricity for the site. For low wind speed 
locations different modifications of turbines might be available. 

 

A German physicist Albert Betz concluded, no wind turbine can convert more than 16/27 (59%) 
of the kinetic energy of the wind into mechanical energy turning a rotor. The theoretical 
maximum power efficiency of any design of wind turbine is 0.59. (i.e. no more than 59% of the 
energy carried by the wind can be extracted by a wind turbine.) This is called “maximum power 
coefficient”:      Cpmax = 0.59 

𝑃𝑤𝑤𝑤𝑤 =  
1
2
𝜌𝜌𝜌𝜌𝜌3 

In practice, wind turbine rotors deliver much less than the Betz limit. The efficiency of a turbine 
depends on different factors such as the turbine rotor, transmission train and the electrical 
generator. Normally the commercial turbine rotors have aerodynamic efficiencies in real 
conditions (power coefficients) which vary from 30% to 50%.  
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Gearbox and generator efficiencies can be estimated to be around 80% to 95% depending on 
size and quality of production.  

Efficiency of turbine is not constant. It is a function of the wind speed. Many companies do not 
provide their wind turbine efficiencies rather the power curve of wind turbine is provided. 

The power curve of a wind turbine is a graph that represents the turbine power output at 
different wind speeds values. The power curve is normally provided by the turbine’s 
manufacture. Figure 3.2 presents an example of a wind turbine power curve. At speeds from 0 to 
3m/s the power output is zero. This occurs because there is no sufficient kinetic energy in the 
wind to move the wind turbine rotor. Normally the manufactures provide a technical data sheet 
where the start up and cut-off wind speed of the turbine is given.  

 

 

Figure 3-2 : Power curve of Vestas V100-1.8 

 

Turbulence is generated by terrain features which is referred to as ambient turbulence intensity as 
well as by neighboring wind turbines, which is referred to as induced turbulence. Source of 
ambient turbulence are for example forests, hills, cliffs or thermal effects. Thus ambient 
turbulence can be reduced by avoiding critical terrain features. But the wake induced turbulence 
has far more impact than ambient turbulence intensity.  

Decreasing the spacing increases the turbulence induced by the wakes of neighboring wind 
turbines. As a general rule the distance between wind turbines in prevailing wind direction 
should be a minimum of the equivalent of five rotor diameters. The spacing inside a row 
perpendicular to the main wind direction should be minimum of three rotor diameters.      
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3.4 Wind Speed Distribution  
 

Wind velocity value is the most critical data needed to appraise the power potential of a site due 
to its cubic relation with the power. The wind is never constant at any site. It is influenced by 
weather patterns, the local land terrain, and its height above the ground surface. Wind speed 
varies within the minute, hour, day, season, and even by year. Since wind velocity varies it is 
necessary to capture this variation in the model used to predict energy production. This is usually 
done using probability functions to describe wind velocity over a period of time.  

The Weibull probability density function (PDF) is given by equation, 

𝑓(𝜌) =  
𝑘
𝑐′

 �  
𝜌
𝑐′

  �
𝑘−1

  exp (−  �  
𝜌
𝑐′

  �
𝑘

) 

Where,  

V = the wind speed 

k = a constant known as shape factor 

𝑐′ = a scale parameter in m/s 

A Weibull distribution graph is usually used to describe wind variation over a certain period of 
time at particular site. The area under the curve is always unity. 
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Chapter 4 

4 Wind Resource in Sri Lanka 
 

The National Renewable Energy Laboratory (NREL)’s wind energy resource atlas of Sri Lanka 
presents the wind resource analysis and mapping results for the country. The wind maps were 
created using a computerized wind mapping system that uses geographic information system 
(GIS) software. In addition to the wind resource maps, the atlas includes information on 
important wind characteristics, including seasonal and diurnal variability and wind direction 
frequency variation [4].  

NREL used historical meteorological data of department of meteorology measurements sites, 
data of GTS surface meteorological stations, CEB wind monitoring program data, upper air data, 
and satellite wind data to prepare the wind resource map for Sri Lanka. 

The wind mapping results for Sri Lanka show many areas that are estimated to have good to 
excellent wind resources. The seasonal distribution of the wind resource for a particular site in 
Sri Lanka depends on elevation, its location, and its exposure to the monsoon flows. Throughout 
much of Sri Lanka, places exposed to both monsoon flows will have maximum resources from 
May to September (southwest monsoon) and a secondary maximum resource from December to 
February (northeast monsoon).  

NREL estimated that there are nearly 5000km2 of windy areas with good to excellent wind 
resource potential in Sri Lanka. About 4100km2 of the total windy area is land and about 900km2 
is lagoon. The windy land represents about 7% of the total land area (65,610 km2) of Sri Lanka. 
Windy lands and lagoons could support almost 24000MW of potential installed capacity [4]. 

NREL introduce following wind power classifications for utility scale application in Sri Lanka. 
Wind resources areas of Class 4 and higher are considered suitable for utility scale wind power 
development. Rural or off grid applications require less wind resource for a project to be viable. 
For these types of applications, Class 2 and higher resources may be sufficient for viable wind 
power developments.   
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Table 4-1: Sri Lanka wind power classification [4] 

Class 
 Resource 
Potential 

(Utility-Scale) 

Wind Power 
Density (W/m2)                

@ 50 m agl 

Wind Speed 
(m/s) @ 50 m 

agl 

1 Poor  0 – 200   0.0 – 5.6 

2 Marginal  200 – 300  5.6 – 6.4 

3 Moderate  300 – 400  6.4 – 7.0 

4 Good  400 – 500  7.0 – 7.5 

5 Excellent 500 – 600   7.5 – 8.0 

6 Excellent 600 – 800  8.0 – 8.8 

7 Excellent  > 800  > 8.8 
   

4.1 Wind Resource Characteristics 
 

Figure 4.1 shows the wind resource map of Sri Lanka produced by NREL. The good-to-
excellent wind resource areas (Class 4 and higher) are concentrated in two major areas of Sri 
Lanka. The first is the northwestern coastal region from the Kalpitiya Peninsula up to the Jaffna 
Peninsula in the north. The highest levels of wind resource in this region are estimated to extend 
from the northern tip of the Kalpitya Peninsula to the Karativu Islands near Portugal Bay and 
through Mannar and Delft Islands.  
 
The second region is the central highlands in the country, largely in the Central Province but also 
in parts of Sabaragamuwa and Uva Provinces. Much of the highlands region is over 1500 m in 
elevation, and the best sites are primarily those that are well exposed to the strong southwest 
monsoon winds. Wind power Classes 6 and 7 are depicted for the best exposed areas in this 
region.  
 
Other regions with notable areas of good wind velocities include exposed terrain to the north 
and south of the central highlands, where the monsoon winds are accelerated. These regions 
include the extreme northern part of the Central Province, the southern part of the North 
Central Province, and the southern parts of Uva and Sabaragamuwa provinces. Finally, coastal 
areas in the southeastern part of the Southern Province and the southern tip at Dondra Head are 
estimated to have Class 4 resource [4]. 
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Figure 4-1 :  Sri Lanka Wind Resource Map [4] 
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4.2 Annual Wind Resource Distribution 
 

Sri Lanka is influenced by two predominant wind flows, the southwest monsoon and the 
northeast monsoon. The stronger of the wind flows, the southwest monsoon, affects the country 
from May through September. The direction of the wind during this monsoon varies from the 
southwest to west depending on elevation, with the winds generally becoming more westerly 
with increasing elevation. The strong upper-air winds (greater than 10 m/s) during this season 
can extend from just a few hundred meters above sea level to more than 2000 m above sea level. 
Therefore, locations, such as the ridges in the central highlands that are fully exposed to these 
strong free-air winds can have Class 6 or Class 7 annual wind resource.  
 
The northeast monsoon lasts from December through February. The wind direction during this 
period is persistently from the northeast. Overall, the northeast monsoon free-air winds are 
weaker than the southwest monsoon with the peak winds around 7 to 8 m/s. The strongest free-
air winds in this flow are only 600 m to 1000 m above sea level making the northeast monsoon a 
more shallow wind flow than the southwest monsoon. The months of March, April, October, 
and November are inter-monsoon periods. The winds during these periods are lighter than they 
are in the two monsoon periods. 
 
The sea level regions with the highest wind resource in Sri Lanka can be found on the northwest 
coast from the Kalpitya Peninsula in the North Western Province north through the Jaffna 
District of the Northern Province. These areas receive most of their wind resource from the 
southwestern monsoon. The southwest monsoon flow accelerates across the Indian Ocean 
south of the Indian mainland and is quite strong (8-9 m/s at 10 m height) as it approaches the 
west-central coast of Sri Lanka.  
 
Another coastal region with good resource consists of selected areas along the Indian Ocean in 
Southern Sri Lanka. Prominent among these areas are Dondra Head at the southern tip and the 
coastal strip from Hambantota to near the eastern border of the Southern Province. Both the 
southwest monsoon and the northeast monsoon accelerate around the southern end of Sri 
Lanka, and the coastal capes that extend into the ocean closest to the accelerated wind flow have 
the highest resource. However, the good resource does not extend more than a few kilometers 
inland from the coastline.  
 
The central highlands have the most concentrated areas of excellent (Class 5 and higher) wind 
resource in Sri Lanka. Much of the region is over 1500m in elevation, and sites exposed to the 
strong southwest monsoon have Class 6 and Class 7 resource. The disparity in the available wind 
resource between the southwest and northeast monsoon is much larger in the central highlands 
than for locations on the coast [4]. 
 
 
 



27 
 

4.3 Seasonal Wind Resource Distribution 
 
The exact seasonal distribution of the wind resource for a particular site in Sri Lanka depends on 
elevation, its location, and its exposure to the monsoon flows. Throughout Sri Lanka, most 
places exposed to both monsoon flows will have a maximum resource during June, July, and 
August with some having a secondary maximum resource from December through February. 
The only exception to this rule is along the east coast of the Eastern Province from south of 
Batticaloa to just south of Trincomalee. In this region, the maximum resource may occur in 
December and January from the northeast monsoon rather than June and July, because the high 
terrain in the highlands blocks and diminishes the southwest monsoon. The most important 
issue in regards to the seasonal wind resource distribution is the comparative strengths of the 
southwest and northeast monsoons. Exposed locations along the southern coast, on the 
northern tip, and along the northeastern coast exhibited the most balance between the southwest 
monsoon and northeast monsoon resource [4]. 
 

4.4 Diurnal Wind Speed Distribution 
 

The diurnal wind speed distribution (or wind speed versus time of day) is influenced by site 
elevation, topography, and direct exposure to the monsoon flow. The distribution at the low 
wind resource sites in the interior lowlands of Sri Lanka typically features a maximum wind 
speed during the afternoon and a minimum near sunrise. 
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Chapter 5  

5 Solar Energy 
 

The sun is the largest energy source of life, at the same time it is the ultimate source of all energy. 
The sun is a star with surface temperature is about 5800 Kelvin. This temperature derives from 
reactions which were based on the transformation of hydrogen to helium, the process called 
Nuclear Fusion, which produce high temperature of the sun and the continuous emission of 
large amount of energy. Solar energy is emitted to the universe mainly by electromagnetic 
radiation and approximately one-third of energy radiated from sun is reflected back. The rest is 
absorbed and retransmitted to the space while the earth reradiates just as much energy as it 
receives and creates a stable energy balance at a temperature suitable for life [8].  
 
Solar radiation provides a huge amount of energy to the earth. The total amount of energy which 
is irradiated from the sun to the earth surface equals approximately 10,000 times the annual 
global energy consumption. 
 
There are normally two ways to generate electricity from sunlight, through photovoltaic (PV) and 
solar thermal systems. In this thesis is used photovoltaic power system. The light of the sun, 
which reaches the surface of the earth, consists mainly of two components, direct sunlight and 
indirect or diffuse sunlight, which is the light that has been scattered by dust and water particles 
in the atmosphere. Photovoltaic cells not only use the direct component of the light, but also 
produce electricity when the sky is overcast. To determine the PV electricity generation potential 
for a particular site it is important to assess the average total solar radiation received over the 
year.  
 

5.1 Photovoltaic Power Generation 
 

Photovoltaic power system is a method of generating electrical power by converting solar 
radiation into direct current electricity using semiconductors that exhibit the photovoltaic effect. 
PV power generation uses solar panels comprising a number of cells containing a 
semiconducting material. As long as light is shining on the solar cells, it generates electric power. 
When the light stops, the electricity stops.  
 

5.2 PV Cell 
 

PV cells are made up of semiconductor material, such as silicon, which is currently the most 
commonly used element in semiconductor industry. Basically, when the light strikes the cell, a 
certain potion of it is absorbed within the semiconductor material. When energy knocks 
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semiconductor electrons loose, allowing them to flow freely. PV cells have one or more electric 
fields that act to force electron that are freed by light absorption to flow in a certain direction. 
This flowing of electron is a current and by placing metal contacts on the top and bottom of the 
PV cell can draw that current off to be used externally. This current, together with the cell’s 
voltage which is a result of its built-in electric field or fields, define the power in Watts that the 
solar cell can produce [8].  

5.3 PV module and array 
 

The solar cell is the basic building block of the PV power system. However it rarely used 
individually because it is not able to supply an electronic device with enough voltage and power. 
For this reason, many photovoltaic cells are connected in parallel or in series in order to achieve 
as higher voltage and power output as possible. Cells connected in series increases the voltage 
output while cells connected in parallel increase the current. The solar array or panel is a group 
of several modules electrically connected in series-parallel combination to generate required 
current and voltage and hence the power.  
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Chapter 6  

6 Solar Resource in Sri Lanka 
 

Sri Lanka lies within the equatorial belt, a region where substantial solar energy resources exist 
throughout much of the year in adequate quantities for many applications, including solar water 
heating, solar electricity and desalination. Solar energy is currently in use in some areas for 
meeting remote electrical loads at non-electrified localities of Sri Lanka. Solar photovoltaic 
technology is currently cost effective for meeting remote electrical loads and for providing a 
distributed source of electricity without connecting to existing grid. 

The extent of solar resource in Sri Lanka has been estimated in the past based on a study of the 
daily total direct sunshine hours recorded at a number of weather and agricultural stations 
throughout the country.  The results of study show that the distribution of annual solar resources 
varies from 15 to 20 MJ/m2/day (4.2 to 5.6 kWh/m2/day) across the country, with the lowest 
values occurring in the hill country in the south central region. The results also showed that the 
country does not experience sharp seasonal changes in solar resources [5]. 

An assessment of the solar resources has been developed for Sri Lanka in year 2003 by United 
States, National Renewable Energy Laboratory (NREL) using a methodology that convert cloud 
cover information, derived either from surface observations or satellite imagery, in to solar 
resource estimates. The annual results for Sri Lanka are range from 4.5 to 6.0 kWh/m2/day. [5] 
The study shows that ample resource exists throughout the year for virtually all locations in Sri 
Lanka for PV applications. The highest resources are in the northern and southern region, and 
the lowest resources are in the interior hill country.  

During the southwest monsoon, with airflow generally from southwest to northeast, the lee side 
of the mountains (the northeast portion of the country) shows quite high solar resources. During 
the northeast monsoon, the southern and western portion of the country show higher resources. 
However, the highest resources occur during the hot dry period from March to April when the 
transition between the northeast and southwest monsoon occurs.   

Figures 6.1 and 6.2 show the distribution of annual solar resources for a fixed collector oriented 
at latitude tilt and for DNI in Sri Lanka. Figures 6.3 and 6.4 show solar resource for a fixed flat 
plate collector oriented at latitude tilt for the southwest and northeast monsoons in Sri Lanka. 
Figures 6.5 and 6.6 show solar resource for a fixed flat plate collector oriented at latitude tilt for 
the two hotter inter-monsoon periods in Sri Lanka. 
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Figure 6-1 : Sri Lanka map of flat plate tilted at latitude solar resources [5]. 
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Figure 6-2 : Sri Lanka map of direct normal solar resource [5]. 
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Figure 6-3 Sri Lanka map of flat plate tilted at latitude solar resources southwest monsoon [5]. 
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Figure 6-4 : Sri Lanka map of flat plate tilted at latitude solar resources northeast monsoon [5]. 

 

 



35 
 

 

 

Figure 6-5 : Sri Lanka map of flat plate tilted at latitude solar resources 1st inter-monsoon [5]. 
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Figure 6-6 : Sri Lanka map of flat plate tilted at latitude solar resources 2nd inter-monsoon [5]. 
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Chapter 7  

7 Wind and Solar Resource Analysis 

7.1 Site Selection 
 

Under site selection, main objective was to filter the sites having highest wind and solar potential. 
Site selection was based on the Sri Lanka wind and solar resource maps developed by Unites 
States National Renewable Energy Laboratory (NREL) which were published in 2003. Findings 
of these two reports are discussed in Chapter 4 and Chapter 6.   

Following areas were identified as high wind potential and selected for further analysis in this 
particular study, whose wind class is listed in table 7.1:  

• Southeast Coast – Hambantota  
• West Coast – Kalpitiya Peninsula 
• Central Province – Ambewela 

Table 7-1 : Wind resource (According to NREL assessment) 

Location 
Wind power class according 

to NREL Map 
Southeast Coast – 

Hambantota 
Class 4 

West Coast – Kalpitiya 
Peninsula 

Class 5 

Central Province – 
Ambewela 

Class 6 

 

Solar resource for the above locations is as given in the following table 7.2.  

Table 7-2 : Solar Resource (According to NREL assessment) 

Location 
Solar Resource Annual 

(kWh/m2/day) according 
to NREL Map 

Southeast Coast – 
Hambantota 

4.5 – 5.0 

West Coast – Kalpitiya 
Peninsula 

5.0 – 5.5 

Central Province – 
Ambewela 

5.0 – 5.5 
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7.2 Analysis Wind Energy Potential in Kalpitiya Peninsula 
 

The area with the best overall condition for the utility scale wind power according to the NREL 
analysis is the Kalpitiya peninsula, located north of Colombo on the western coast of Sri Lanka. 
This area features typical vegetation and flat landscape characteristics. The area is exposed to 
strong winds and has good logistical conditions with the options of transporting materials by 
road, railway or barge. Also there are high capacity power lines already existing in close proximity 
to the area.   

Wind data of Mullipuram site from March 2007 to February 2008 is used for analysis. Average 
wind speed of 50m height for Mullipuram site is represented in table 7.3. 

Table 7-3 : Monthly average wind speed at 50m above the ground surface for Mullipuram site. 

Month Wind Speed (m/s) 
January 4.997 

February 4.843 

March 4.763 

April 4.245 
May 9.321 

June 9.140 

July 9.747 

August 9.385 

September 9.404 

October 6.682 

November 4.565 

December 5.197 

Annual Average 6.858 

 

A graphical representation of the monthly wind speed variation given in table 7.3 is shown in 
figure 7.1 below. 
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Figure 7-1 : Monthly wind pattern in Mullipuram 

From the above table 7.3 and figure 7.1, it is seen that the lower wind speeds occur during 
November to April while wind speeds are generally higher from May to October.  

 

 

Figure 7-2 : Diurnal Wind Speed Pattern in Mullipuram 
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Figures 7.2 and 7.3 show the distinct variation of the monthly wind speed (but less so over a 
diurnal period) and the typical wind speed frequency distribution for Mullipuram. As previous 
chapters explained, these variations in monthly wind speed are due to the monsoon patterns of 
prevailing South West and North East winds.  

 

Figure 7-3 : Annual Wind Speed Frequency Distribution in Mullipuram 

 

7.3 Analysis of Solar Energy Potential in Kalpitiya Peninsula 
 

22-years average data from NASA Satellite Surface Meteorology and Solar Energy department 
was analyzed. Average solar radiation for Kalpitiya area is presented in table 7.4. A graphical 
representation of the monthly average solar radiation of Kalpitiya is shown in figure 7.4. 

 

Figure 7-4: Monthly solar radiation pattern in Kalpitiya 
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Table 7-4 : Monthly average solar radiation of Kalpitiya Area. 

Month Kalpitiya 22 Year Average (NASA) 
(kWh/m2/day) 

January 5.29 
February 6.30 
March 7.02 
April 6.57 
May 6.13 
June 5.85 
July 6.01 
August 6.13 
September 6.20 
October 5.39 
November 4.62 
December 4.61 
Annual Average 5.83 

 

 

7.4 Analysis of Wind Energy Potential in Hambantota 
 

Good wind conditions exist in areas around Hambantota on the southern coast, however, large 
parts of this territory consist of wildlife reserves and protected areas, bird sanctuaries etc., where 
development is severely restricted. Transportation access for wind power equipment to the 
southeast coast is better than many other locations of the country.  

Measured wind speed data from equipment at Hambantota Solar Power Plant for year 2012 is 
used for the analysis. Average monthly wind speed at 15m height for Hambantota area is listed in 
table 7.5 below, while figure 7.5 gives the graphical representation of the monthly average wind 
speed variation.  
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Table 7-5 : Monthly average wind speed at 15m above ground for Hambantota Meteorological site. 

 

 

 

 

 

Figure 7-5 : Monthly wind pattern in Hambantota  

 

7.5 Analysis of Solar Energy Potential in Hambantota 
 

Measured solar data of Hambantota Solar Power Plant from August 2011 to July 2012 and a 22-
year average data for Hambantota area from NASA Satellite Surface Meteorology and Solar 
Energy department, were analyzed. Average solar radiation data is presented in table 7.6. 
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Monthly Wind Pattern in Hambantota 
 

Month Monthly Average Wind Speed 
(m/s) 

January 7.4 

February 6.4 

March 5.6 

April 4.4 
May 6.2 

June 8.1 

July 8.0 

August 8.1 

September 7.9 

October 7.0 

November 4.9 

December 6.2 

Annual Average 6.68 
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Table 7-6 : Monthly average solar radiation of Kalpitiya and Hambantota. 

Month 
 

 

Hambantota  -
Measured 

(kWh/m2/day) 

Hambantota – 
22 Year Average 

(NASA) (kWh/m2/day) 

January 5.84 4.50 
February 5.55 5.37 
March 6.30 5.84 
April 5.61 5.45 
May 6.32 5.28 
June 5.51 5.08 
July 5.28 5.08 
August 5.82 5.35 
September 6.44 5.30 
October 5.51 4.87 
November 4.46 4.26 
December 4.47 4.19 
Annual Average 5.83 5.04 

 

Graphical representation of the monthly solar radiation variation for Hambantota is shown in 
figure 7.6. 

 

 

Figure 7-6 : Monthly Average solar radiation kwh/m2/day for Kalpitiya and Hambantota 
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Chapter 8 

8 Wind-Solar Hybrid Power Generation System 
 

The hybrid power generation concept is a system aimed at the production and utilization of 
electrical energy coming from more than one source within an integrated arrangement. The 
hybrid system studied in this thesis is one combining solar PV and wind turbines with power 
conditioning units such as inverters. Hybrid wind turbine and solar PV modules offer greater 
reliability than any one of them alone, because local energy supply cannot depend entirely on any 
one of these sources.  

Other advantages of the hybrid system are the stability and reliability of the system and the lower 
maintenance requirement thus reducing downtime during repairs and routine maintenance. In 
addition to this, as well as being indigenous and free, renewable energy resources also contribute 
to the reduction of pollution emissions.  

In this thesis, the proposed hybrid power generation system makes use of solar PV and wind 
turbine to produce electricity and supply the load by connecting to the grid. A schematic of a 
typical grid connected wind-solar hybrid system can be shown in figure 8.1.  

 

 

  Figure 8-1 : General schematic for grid connected wind-solar hybrid power supply system. 
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8.1 Designing and Modeling of Hybrid System with HOMER 

 
The Hybrid Optimization Model for Electric Renewables (HOMER), which is copyrighted by 
the Midwest Research Institute (MRI) is a computer model developed by the US National 
Renewable Energy Laboratory (NREL) to assist the design of power systems and facilitate the 
comparison of power generation technologies across a wide range of applications [HOMER, ver. 
2.81 Beta]. HOMER is used to model a power system physical behavior and its life-cycle cost, 
which is the total cost of installing and operating the system over its life time [9].  

HOMER performs three principal tasks, simulation, optimization and sensitivity analysis based 
on the raw input data given by user. In the simulation process, the performance of a particular 
power system configuration for each hour of the year is modeled to determine its technical 
feasibility and lifecycle cost. HOMER can simulate wide variety of power system configurations, 
comprising any combination of PV array, wind turbines, run-off-river hydro turbines, generators 
and battery bank systems with grid connection or off grid that can serve electrical loads and 
thermal loads.  

The simulation process serves two purposes. First, it determines whether the system is feasible. 
Second, it estimates the lifecycle cost of system, which is the total cost of installing and operating 
the system over its lifetime.  

 

8.2 Location Selection 
 

The objective of the thesis is to design and model a grid-connected wind-solar hybrid power 
generation system to meet a certain part of the load requirement of the local grid. As discussed in 
earlier chapters, Wind and Solar potential of different geographical locations was studied through 
literatures and detail analysis of two identified locations (southern part of southern coastal belt 
and western coastal belt Kalpitiya peninsula) has been carried out.  

According to results shown in the previous chapters, the southernmost part of southern coastal 
belt and the western coastal belt of Kalpitiya peninsula are very suitable for utility scale wind and 
solar hybrid power generation. For the designing of the wind-solar hybrid power plant proposed 
in this study, the Hambantota Kirinda area was selected, which is located in the south-southeast 
of the southern coastal belt of Sri Lanka.   

Figure 8.2 shows an aerial view of the Kirinda area on the southeastern coast of Sri Lanka.  
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Figure 8-2 : Geographical map of Kirinda Area (Proposed location for wind-solar hybrid power plant) 

 

Hambantota Kirinda area is fed by Feeder 5(Kataragama Feeder) of Hambantota grid substation 
which has average load of 3MW. Near to the proposed location 33kV MV distribution network 
is available. Therefore, grid connectivity would not be a problem for the proposed location. 
Network availability of the proposed location is shown in figure 8.3.  

 

 

Figure 8-3: MV network availability of proposed location 
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8.3 Wind and Solar Hybrid Power System Configuration  
 

The grid connected wind solar hybrid system consists of a local grid, PV arrays, wind turbines 
and inverters. HOMER software is used as a tool to carry out the analysis. Figure 8.4 shows the 
configuration of the grid connected hybrid power system. HOMER requires input information 
in order to analyze the system. Those inputs are described in detail below. 

 

Figure 8-4: Configuration of grid connected hybrid wind-solar system in HOMER 

8.3.1 Wind resource 
 

Hourly measured wind speed data of Hambantota for the year 2012 at 10m height (Source: 
Sustainable Energy Authority Solar Power Plant at Hambantota) is used as wind resource input 
data. Figure 8.5 illustrates the monthly averaged wind speed data obtained for Hambantota. The 
average wind speed ranges from 4.4m/s to 8.1m/s with an annual average of 6.69m/s.  

 

Figure 8-5: Monthly average wind speed data 

 

Figure 8.6 demonstrates the wind speed probability density function. The Weibull parameter (k), 
which describes the breadth of distribution of wind speed over the year, is 2.45.  
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Figure 8-6: wind speed probability density function 

 

8.3.2 Solar resource 
 

Solar resource data indicates the amount of global solar radiation that strikes earth surface in a 
typical year. Measured hourly average solar radiation on horizontal surface (kWh/m2) of 
Hambantota from September 2011 to August 2012 (Source: Sri Lanka Sustainable Energy 
Authority, Solar Power Plant at Hambantota) is used as solar resource input data. Considering  
6ο 15’ as latitude and 81ο 5’ as longitude for the location. The average solar radiation ranges from 
4.46kWh/m2/day to 6.44kWh/m2/day with an annual average of 5.59kWh/m2/day. The 
average clearness index is 0.56. Monthly average solar radiation and clearness index are shown in 
figure 8.7. 

 

Figure 8-7: monthly averaged solar radiation and clearness index 
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8.3.3 Wind turbine 
 

A wind turbine is a device that converts the kinetic energy of the wind in to AC or DC electricity 
according to a particular power curve, which is a graph of power output versus wind speed at 
hub height. World famous wind turbine manufactures, agents and developers are Vestas, 
REpower, Gamesa, Siemens, GE Wind Energy, Enercon, etc.  

The size of the turbine model to be used within a project will be based on available models, the 
wind resource at the site, and the ability to perform maintenance. The wind profile and wind 
speeds at each specific site need to be evaluated to identify which turbine is suitable for the 
particular site conditions. As the wind turbine itself may be as much as 70% of the total project 
cost it is vital that it produces optimal electricity for the given site [10]. 

The most suitable wind turbine for the proposed plant was selected under wind power density, 
average wind speed and power requirement of the site. Wind turbine with rated power of 850kW 
was chosen for the design in order to harness the low wind speed efficiently. Figure 8.8 show the 
power curve of the selected wind turbine Gamesa G58 850kW. 

 

Figure 8-8: Power curve of Gamesa G58 850kW wind turbine 

Technical characteristics of Gamesa G58 850kW are given in table 8.1. 

Table 8-1 : Gamesa G58 850kW wind turbine Specification 

Rated Power 850 kW 

Start up wind speed 3 m/s 
Rated wind speed 12 m/s 

Cut out wind speed 21 m/s 

Tower height 55 m 
Rotor diameter 58 m 

Swept area 2642 m2 

Power regulation Pitch regulated with variable speed 
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Installed costs in 2010 for onshore wind farms were typically ranged between USD 1,800/kW 
and USD 2,200/kW in most major markets. Wind turbines account for 64% to 84% of total 
installed costs onshore, with grid connection costs, construction costs, and other costs making 
up the balance. Off shore wind farms are more expensive and cost USD 4,000 to USD 
4,500/kW, with the wind turbines accounting for 44% to 50% of the total cost [11].  

Modern wind turbines are designed to work for 120,000 hours throughout their estimated life-
span of 25 years. So life time of the wind turbine considered in this study is assumed as 25 years. 
The estimated maintenance costs for modern machines are in the range of 1.5% to 2% of the 
original investment per annum [12].  

Explanatory notes to the Non Conventional Renewable Energy Tariff Announcement dated 
24th April 2009 of SLSEA has defined different NCRE power plant capital cost and O & M cost 
of those power plant; Initial capital cost for a wind turbine plant at rupees 230 million/MW and 
operational and maintenance cost for wind turbine power plant of 2% of initial capital cost [14]. 
According to that, a 0.850MW power plant capital cost will be 196 million rupees (1.6 million 
USD) and the expected O&M cost for the same power plant would be 5.9 million rupees (32,000 
USD) per year.    

 

8.3.4 Photovoltaic Arrays 
 

Sharp NDF4Q300 300W solar module is selected for design which has life time of 25 years and 
15.3% efficiency. Electrical characteristics of Sharp NDF4Q300 are given in table 8.2. Assumed 
installation cost of 1MW PV array system will be 4 million USD with operation and maintenance 
cost at 1% of total investment cost. The derating factor is 80% for a lifetime of 25 years.  

Table 8-2 : Electrical characteristics of Sharp NDF4Q300 solar module 

Maximum Power 300 W 

Type of Cell Polycrystalline Silicon 
Cell configuration 72 in Series 

Open Circuit Voltage Voc 45.1 V 

Maximum Power Voltage Vpm 35.2 V 
Short Circuit Current Isc 8.94 A 

Maximum Power Current Ipm 8.52 A 

Module Efficiency 15.3 % 

Maximum System Voltage (DC) 1000 V 

Dimensions 994 x 1971 x 46 mm 
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8.3.5 Converter 
 

A converter is a device that converts electric power from DC to AC in a process called inversion, 
and/or from AC to DC in a process called rectification. The converter size, which is a decision 
variable, refers to the inverter capacity, meaning the maximum amount of AC power that the 
device can produce by inverting DC power. The rectifier capacity, which is the maximum 
amount of DC power that the device can produce by rectifying AC power, as a percentage of the 
inverter capacity, has been specified.  

The final physical properties of the converter are its inversion and rectification efficiencies, 
which are assumed to be constant. The inverter and rectifier efficiencies were assumed to be 
90% and 85% for this study. Inverter capacity size was selected as 250kW at a cost of 0.25 
million USD and inverter lifetime of 15 years. Operating and maintenance cost is assumed 1% of 
the inverter cost.  

Components Information input into the HOMER code is summarized in table 8.3.  

Table 8-3 : Input to the HOMER software 

 Size Capital Investment 
per unit($) 

O&M cost per year Lifetime 

Wind 850 kW 1.6 Million USD 32,000 USD 25 years 
PV 1000kW 3 Million USD 30,000 USD 25 years 
Converter 250kW 1 Million USD 20,000 USD 15 years 
 

The components are chosen by considering present availability in the global market and the costs 
are estimated according to the governing present local and global prices of the components and 
project costs.   

 

8.3.6 Load Demand 
 

Ampere reading of Feeder 5 (Kataragama) of Hambantota grid substation was obtained for a 
selected week from the 1st of April to the 7th of April, 2013. Average ampere reading for a day 
is given in table 8.4.  

Local load profile is based on average ampere loading of Feeder 5 assuming power factor 0.9. 
The drawn load curve of Feeder 5 for a typical day is given in figure 8.9. 
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Table 8-4 : Average ampere reading of Feeder 5 (Kataragama) – Hambantota Grid 

Time Load (A) Time Load (A) 
00:00 66 12:00 86 
01:00 65 13:00 80 
02:00 62 14:00 82 
03:00 59 15:00 84 
04:00 62 16:00 92 
05:00 68 17:00 94 
06:00 95 18:00 98 
07:00 75 19:00 142 
08:00 72 20:00 140 
09:00 77 21:00 116 
10:00 80 22:00 85 
11:00 83 23:00 55 

 

 

Figure 8-9 : Average Load Curve of Feeder 5 (Kataragama) –Hambantota Grid  

 

In the HOMER model the primary load is the electrical demand that the power system must 
meet at a specific time. In this thesis, the load of Feeder 5 in Hambantota grid substation is used 
as the primary load demand that the proposed power system should cover.  

Hourly data of above average load profile was uploaded into the HOMER model. Average daily 
demand of Feeder 5 is 3MW while peak demand is 4.7MW.  

 

 

 

0

1000

2000

3000

4000

5000

6000

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Po
w

er
 (k

W
) 

Time 

Load Curve of Feeder 5 - Hambantota Grid Substation 



53 
 

8.3.7 Local Grid 
 

The grid is an auxiliary source whereby it acts as a backup to renewable energy system in case 
there is a power deficit. The grid also acts like a storage system when the renewable energy 
system produces excess energy. The design wind solar hybrid model in HOMER is assumed to 
be able to operate based on the load demand. The PV modules will continuously produce 
electricity as long as there is sunlight. Wind turbines also will continuously produce electricity as 
long as there is sufficient wind to generate electricity. Any excess production will be fed into the 
grid hypothetically. When the PV module or the wind turbine does not produce electricity 
anymore, the grid will automatically cover the entire load demand at the specified moment.   

Assumed price of electricity sold by the local power producer to the grid is 0.2 USD (Rs. 25.09) 
per kWh which is the flat tariff rate given by Sri Lanka Sustainable Energy Authority (NCRE) for 
non-conventional renewable energy sources for a period of 20 years [12]. The governing average 
generation cost of diesel power plants in Sri Lanka is 0.4 USD/kWh.  

The delivered power generated by the proposed wind-solar hybrid power plant is assumed to 
replace the generation of high cost diesel power that would otherwise cover the local load. 
Therefore, local electricity purchase price is considered as 0.4 USD for the system analysis.    

 

8.3.8 Economic inputs 
 

The economic input parameter for this design including the annual real interest rate and project 
lifetime are needed for the HOMER simulation. Assumed power plant lifetime is 25 years and 
annual real interest rate is 10%.  
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Chapter 9 

9 Results and Conclusions 
 

In this chapter, results of the designed wind-solar hybrid power generation system are presented 
and the conclusions from the findings are drawn.  

9.1 Results Analysis 

9.1.1 Simulation 
 

HOMER simulates the operation of a system by making energy balance calculations in each 
hourly time step of the year. For each time step, HOMER compares the electric demand in that 
time step to the energy that the system can supply in that time step. Then calculates the flows of 
energy to and from each component of the system.  

HOMER performs these energy balance calculations for each system configuration that wants to 
be considered. It then determines whether a configuration is feasible, i.e., whether it can meet the 
electric demand under the specified conditions, and estimates the cost of installing and operating 
the system over the lifetime of the project.  

The number of installed 850kW wind turbines is varied from 0 to 8 and the PV modules and 
converter sizes are varied between 0, 1000kW, 2000kW, 3000kW, 4000kW, 5000kW, 6000kW, 
7000kW, and 8000kW for the estimations of the proposed system variation in size and type of 
configuration.   

9.1.2 Optimization 
 

After simulating all of the possible system configurations, HOMER displays a list of 
configurations sorted by net present cost (NPC), i.e. lifecycle cost, which can be used to compare 
the different system design options. 

The NPC of a component is the present value of all the costs of installing and operating that 
component over the project lifetime, minus the present value of all the revenues that it earns 
over the project lifetime. HOMER calculates the NPC of each component in the system, and of 
the system as a whole. 

Figure 9.1 shows the categorized HOMER optimization results. In each category of diffident 
design type it shows only the lowest NPC configuration.  In figure 9.2 the overall HOMER 
optimization results are presented.  
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Figure 9-1: Categorized HOMER optimization results 

 

 

Figure 9-2: Overall HOMER optimization results 

 

From figure 9.2 it can be seen that 8 wind turbines and 1000kW PV module with 1000kW 
converter gives the cheapest configuration. This configuration has COE of 0.129 USD/kWh and 
NPC value of 35,039,764 USD.  

Since a 1MW solar installation costs more than double the 1MW wind turbine, the HOMER 
model always gives priority to wind power. So it chooses a maximum number of wind turbines. 
But in such case the delivered power is much more than the load requirement (excess generation 
is fed into the grid as grid sales), so a configuration with minimum excess power is selected for 
the actual design. It has 6 wind turbines with 3000MW PV modules and 3000MW converter.   
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Figure 9.3 shows the monthly average power production of the selected hybrid system.  

 

Figure 9-3 : Monthly average power production of the wind-solar hybrid system 

Total annual power generation from the hybrid system is 20.27GWh, where solar contributes 
with 5GWh (25%) and 15.27GWh (75%) are derived from wind. Annual generation details 
obtained from HOMER are given in table 9.1. 

Table 9-1: Annual generation details of the proposed Hybrid system 

Quantity Units PV Array Wind Turbines 

Rated capacity kW 3000 5100 (850x6) 
Mean output kW 570 1744 
Maximum output kW 2958 5100 
Total production kWh/yr 4,993,002 15,281,525 
Hours of operation hr/yr 4,421 8,508 
Capacity factor % 19.0 34.2 
 

Annual PV output variation and wind turbine variation are shown in figure 9.4 and 9.5, 
respectively.  

 

Figure 9-4 : Annual PV output variation 
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Figure 9-5 : Annual wind turbine output variation 

9.2 Financial Evaluation  
 

The financial feasibility of the project was examined using simple payback method, in which the 
payback period is the time it takes for the return on the investment to re-pay the sum of the 
original investment. The original investment in this context is the sum of all investments that are 
related to the purchasing and installation of wind-solar hybrid system. The return is the income 
generated by sale of electricity, reduced by the cost of operation and maintenance. Figure 9.6 
shows the cost and income distributed over the lifetime of the project.   

 

Figure 9-6: Cost and income distributed over the lifetime of the project. 

Total generation capacity of the design plant = 20.27 GWh/year  

Initial investment = 21.6 million USD  

Simple payback period = 3.4 years  

Internal Rate of Return (IRR) = 29.6%.   
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The hybrid model gives a simple payback period of only 3.4 years. Given that a typical wind 
turbine and solar PV array has an economical lifetime of 25 years, this indicates that the 
investment will definitely be profitable for the specific local conditions of comparatively stable 
renewable energy resource availability and very high costs of deferred diesel power generation.  

 

9.3 Environmental Impact 
 

Wind or solar power cannot be the sole source of electricity in a stable base-load grid, but they 
can reduce the use of conventional energy sources. The environmental benefits of the wind-solar 
hybrid system in this study were assessed in terms of avoided emissions. Given that a 
conventional thermal power plant emits a certain amount of pollutant per kWh of generated 
electricity, the wind-solar hybrid system can be considered to cause an avoidance of emissions, 
since it generates the electricity with nearly zero pollutant emissions.  

Although there are many types of emissions related to electricity production, only CO2 emission 
was considered in this thesis. CO2 is the largest component of the emissions from conventional 
electricity production and may be considered as the greatest environmental impact caused by the 
established power industry.  

The amount of CO2 produced by conventional diesel fuel is 0.6kg for 1kWh. Hence, the 
reduction of CO2 from energy saving of 20.27GWh would be 1,424 tons annually.  

 

9.4 Conclusion 
 

The present worldwide trends concern energy security and sustainable development across the 
globe. The role of renewable energy has therefore become ever more significant. The developed 
world is already on the track for walking out from the fossil fuel era and involving mainly the 
areas of renewable energy technologies and energy efficiency.   

Through this thesis an insight into the energy situation and renewable energy potential of Sri 
Lanka was given. It was identified that Sri Lanka has economically feasible power generation 
potential of wind and solar energy. Southern part of southern coastal belt and western coastal 
belt are very suitable for utility scale wind and solar power generation.  

Using HOMER simulation software a grid tied wind-solar hybrid power generation system was 
modeled for a selected location in the Kirinda area of Sri Lanka, located on the southern coastal 
belt near Hambantota. Through the simulation process, installation of 8 numbers of 850kW 
wind turbines and 1MW solar PV array was identified as economically most feasible design to 
supply average 3MW load connected to grid where payback period of the design is 3.4 years.       

 

 



59 
 

10 References 
 

1. National Energy Policy and Strategies of Sri Lanka, Ministry of Power and Energy 
Government of Sri Lanka, October 2006, page 15. 

2. Sri Lanka Energy Balance 2013, Sri Lanka Sustainable Energy Authority. 
3. CEB, statistical digest 2013. 
4. Wind Energy Resource Atlas of Sri Lanka and the Maldives, D. Elliott, M. Schwartz, G. 

Scott, S. Haymes, D. Heimiller, R. George. National Renewable Energy Laboratory, 
August 2003, page 49. 

5. Solar Resource Assessment for Sri Lanka and the Maldives, Dave Renne, Ray George, 
Bill Marion, Donna Heimiller. National Renewable Energy Laboratory, August 2003, 
page 16. 

6. Sri Lanka Energy Balance ( http://www.info.energy.gov.lk) 
7. www.ammonit.com 
8. Gelma Boneya Huka, Design of a Photovoltaic-Wind Hybrid Power Generation system 

for Ethiopian Remote Area. 
9. Homer 
10. www.windustry.org/community-wind/toolbox/chapter-15-turbine-selection-and-

purchase. 
11. International Renewable Energy Agency (IRENA), Renewable Energy Technologies 

Cost analysis Series, Volume 1: Power Sector, issue 5/5, wind Power, June 2012 
12. (http://www.windmeasurementinternational.com/wind-turbines/om-turbines.php)  
13. Non Conventional Renewable Energy Tariff Announcement (Purchase of electricity to 

the national grid under standard power purchase agreements (SPPA) PUCSL for 2012 -
2013. 

14. Explanatory notes to theNon Conventional Renewable Energy Tariff Announcement 
dated 24th April 2009, Purchase of Electricity to the National Grid under Small Power 
Purchase Agreements (SPPA) by SLSEA. 

http://www.info.energy.gov.lk/
http://www.ammonit.com/
http://www.windustry.org/community-wind/toolbox/chapter-15-turbine-selection-and-purchase
http://www.windustry.org/community-wind/toolbox/chapter-15-turbine-selection-and-purchase

	Abstract
	1 Introduction
	1.1 Background
	1.2 Problem Identification & Motivation
	1.3 Objectives of the Thesis
	1.4 Methodology
	1.5 Literature Review
	1.6 Outline of the Thesis

	2 Energy Sector in Sri Lanka
	2.1 Energy Resources
	2.2 Energy Supply
	2.2.1 Energy Supply from Biomass
	2.2.2 Energy Supply from Petroleum
	2.2.3 Energy supply from Hydro
	2.2.4 Energy supply from Solar
	2.2.5 Energy supply from Wind

	2.3 Production of Electricity

	3 Wind Energy
	3.1 History of Wind Energy
	3.2 Wind Power
	3.3 Wind Turbine
	3.4 Wind Speed Distribution

	4 Wind Resource in Sri Lanka
	4.1 Wind Resource Characteristics
	4.2 Annual Wind Resource Distribution
	4.3 Seasonal Wind Resource Distribution
	4.4 Diurnal Wind Speed Distribution

	5 Solar Energy
	5.1 Photovoltaic Power Generation
	5.2 PV Cell
	5.3 PV module and array

	6 Solar Resource in Sri Lanka
	7 Wind and Solar Resource Analysis
	7.1 Site Selection
	7.2 Analysis Wind Energy Potential in Kalpitiya Peninsula
	7.3 Analysis of Solar Energy Potential in Kalpitiya Peninsula
	7.4 Analysis of Wind Energy Potential in Hambantota
	7.5 Analysis of Solar Energy Potential in Hambantota

	8 Wind-Solar Hybrid Power Generation System
	8.1 Designing and Modeling of Hybrid System with HOMER
	8.2 Location Selection
	8.3 Wind and Solar Hybrid Power System Configuration
	8.3.1 Wind resource
	8.3.2 Solar resource
	8.3.3 Wind turbine
	8.3.4 Photovoltaic Arrays
	8.3.5 Converter
	8.3.6 Load Demand
	8.3.7 Local Grid
	8.3.8 Economic inputs


	9 Results and Conclusions
	9.1 Results Analysis
	9.1.1 Simulation
	9.1.2 Optimization

	9.2 Financial Evaluation
	9.3 Environmental Impact
	9.4 Conclusion

	10 References



