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Chapter 1 

INTRODUCTION  

Governments, electricity utilities and end users of electricity are becoming 

increasingly concerned about meeting the growing electricity demand. Electricity has 

become a key driving force of the economy of a country and therefore, generation of 

electricity in an optimal way to meet the increasing demand has become a key 

challenge in recent years. Increasing environmental concerns and energy security 

issues as well as diminishing fossil fuel reserves and their rising costs have made it 

necessary to look towards renewable energy sources as a highly favorable solution 

for meeting future energy requirements. As a result, there has been a tremendous 

amount of interest in a lot of countries on Non-Conventional Renewable Energy 

(NCRE) sources as a means for power generation since the past decade due to many 

advantages such as their non-depletable and environmental friendly nature, local 

availability and cost reductions with technology advancements.  

In Sri Lanka, 54% of electricity is currently generated by burning fossil fuels and 

according to the Ceylon Electricity Board’s (CEB) long term generation expansion 

plan of 2010, 88% of new capacity additions will be from coal power plants and this 

will increase the present thermal share of 54% to 74% by 2025. This situation may 

create serious energy security concerns since global economic and political changes 

could dictate the cost and availability of these energy supplies in the long term. 

Therefore, mainstreaming renewable energy sources in the country is of paramount 

importance so as to provide electricity at a known cost in contrast to fossil fuels. 

According to the National Energy Policy of Sri Lanka, 10% of electricity is expected 

to be generated through NCRE technologies by 2015. The policy emphasizes the 

importance of maintaining the adequacy of the system and the continuity of supply at 

the lowest possible cost while maximizing the country’s energy security by 

diversifying the generation mix [1]. As shown in Table 1.1, the grid connected 

installed capacity of NCRE plants was 320.6MW by the end of 2012 and these plants 

had contributed 6.17% of the total electricity generation in 2012 [2].  
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Figure 1.1: NCRE Project development from 1999 to 2012 
 

Table 1.1: Present status of the NCRE sector in Sri Lanka (as at 31/12/2012) 

No Description Technology Type No of 
Projects 

Capacity 
(MW) 

1 Commissioned 
Projects 

Mini Hydro Power 104 234.1 

Biomass - Agricultural & 
Industrial Waste Power 

2 11.0 

Biomass - Dendro Power 1 0.5 

Solar Power 4 1.38 

Wind Power 9 73.65 

Total - Commissioned 123 320.63 

2 Standardized Power 
Purchase Agreements 
(SPPA) Signed 
Projects 

Mini Hydro Power 76 171.61 

Wind Power 4 21.3 

Biomass - Agricultural & 
Industrial Waste Power 

2 4.0 

Biomass - Dendro Power 11 61.77 

Biomass - Municipal Solid 
Waste 

1 10.0 

Total – SPPA Signed 94 268.68 

Source : CEB Website (www.ceb.lk) 
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Generally, long term generation planners are responsible for forecasting the future 

demand and the capacity additions to meet the forecasted demand at an accepted 

level of system reliability. Not meeting the demand will lead to a considerable loss to 

the economy and as per the CEB’s long term generation expansion plan of 2010, this 

value has been estimated as US$ 1.2 per kWh of energy not served [3]. However, 

finding an optimal generation expansion plan is difficult due to the uncertainty 

associated with the input data such as forecasts of electricity demand, economic and 

technical characteristics of new evolving generating technologies in power 

generation, frequent fluctuations of fuel costs, construction lead times, and 

government regulations. This becomes an even more complex problem when NCRE 

technologies are introduced into the generation planning process because the nature 

of NCRE plants are regarded and characterized as intermittent and fluctuating. 

Furthermore, these plants are considered to be nondispatchable, which is a significant 

downside from the utilities’ point of view. The uncertainty and variability of these 

technologies makes it challenging to include these plants in capacity expansion 

models such as Wien Automatic System Planning Package (WASP) which is 

currently being used by the CEB’s generation planning branch.  

However, with the increasing levels of penetration and interest in NCRE 

technologies, it is important to include these plants in the planning process to 

evaluate the long term benefits, particularly the capacity benefits which are often 

ignored. In the planning process, most utilities give these plants an energy credit but 

not a capacity credit because these plants are not considered to be contributing to the 

system reliability. Yet, many studies have concluded that NCRE plants do make a 

considerable amount of contribution to system reliability and therefore, should not be 

neglected [4]. 

The aim of traditional generation expansion planning has been to provide an 

adequate supply of electricity at a minimum cost and the CEB’s generation planning 

branch also uses a least-cost based approach for generation planning. But, the use of 

traditional least-cost methodologies which are generally biased in favor of fossil fuel 

technologies may not deliver optimal results due to many uncertainties associated 

with modern power systems as mentioned above [5]. 
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Therefore, the research presented in this thesis focuses on developing concepts to 

mainstream NCRE technologies into the present long term generation planning 

process in Sri Lanka and the application of the proposed concepts to the Sri Lankan 

system. According to a number of studies conducted by the CEB and the National 

Renewable Energy Laboratory (NREL) of USA, Sri Lanka has a very good wind 

potential and wind is expected to play a key role in the coming years in achieving the 

renewable energy targets set out in the national energy policy [6 - 8]. Mini Hydro 

and Biomass are the other two NCRE resources that have a good potential in Sri 

Lanka and both the technologies are adequately modeled in the present planning 

approaches of the CEB [9]. Therefore, a focus on wind is chosen in the application of 

proposed concepts of this research. 

1.1 Objectives of the Research 

The objectives of this research are to: 

1. Propose a method to determine the capacity contribution of intermittent 

generation and develop a model to estimate the monthly capacity credit and 

energy production from a hypothetical wind power plant using wind 

measurement data 

2. Propose a methodology to integrate the monthly wind power generation data  

in the present planning process and evaluation of energy, capacity and 

emission credits of the modeled plant 

3. Risk evaluation of the Sri Lankan generation mix using the Mean Variance 

Portfolio Theory (MVPT) 

1.2 Methodology  

The research was planned in a few steps to achieve the identified research objectives 

and the work started with an extensive literature survey on the approaches to 

mainstream NCRE developments, constraints to mainstream adoption of NCRE 

resources, policy lessons from around the world and previous efforts taken to include 

NCRE resources in long term generation planning. 

Secondly, the existing generation planning process in Sri Lanka was examined with 

special focus on how NCRE is treated with the aim of identifying the issues that lies 
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with present approaches. The identified issues were then addressed conceptually and 

ways to modify the existing planning process were examined to accommodate the 

proposed concepts. 

After the conceptual design, a wind power output model was developed using Matlab 

to estimate the capacity contribution and energy output of a wind power plant. Two 

methods were identified to incorporate the calculated wind power generation into the 

present planning approaches and actual wind measurement data from Mannar was 

then used to calculate the wind generation of a hypothetical wind park. The 

calculated wind power output was subsequently used in WASP IV package to model 

a candidate wind power plant and to optimize two generation expansion plans with 

and without the modeled wind park generation to evaluate the applicability of the 

proposed concepts. After optimizing the two generation expansion plans, the WASP 

IV output data was used to present a methodology to evaluate the benefits of the 

modeled wind park in WASP IV package. 

WASP IV package uses a least cost methodology to evaluate different alternative 

technologies based on their stand alone generation costs, and since the risks of 

alternative technologies are not taken into account when formulating the long term 

generation expansion plans, a Matlab model was developed to utilize Mean Variance 

Portfolio Theory to evaluate the risks of proposed CEB generation mixes. The target 

CEB mixes were then compared with efficient portfolios identified by the model.   

Finally, the proposed concepts, models, methodologies and their applicability on the 

present planning approaches were discussed and possible future work and 

improvements were identified. 

1.3 Outline of the Thesis 

Chapter 2 provides the background of approaches to mainstream NCRE 

developments and the barriers to mainstream adoption of NCRE developments in Sri 

Lanka. Since regulatory decisions play a major role in promoting renewable energy 

developments in a country, the existing regulatory interventions in Sri Lanka towards 
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mainstreaming NCRE developments were also examined along with strategies to 

overcome the identified barriers. 

Chapter 3 describes the long term generation planning process of Sri Lanka and 

issues associated with the approaches being used at present. Identified issues were 

addressed conceptually and ways to modify the existing planning process to 

accommodate the proposed concepts were also discussed. All subsequent chapters 

describe the application of these proposed concepts on the Sri Lankan system.  

Methods of calculating the capacity credit of wind generation is discussed in Chapter 

4. Several widely used methods were discussed and the method best suited to the Sri 

Lankan context was proposed after taking into consideration the input data 

requirement of the method and the accuracy of the prediction. Chapter 4 also 

describes the computer model developed by using Matlab to calculate the monthly 

capacity credit and the monthly energy production of a wind plant in the initial 

planning stages. 

Chapter 5 discusses the feasible methods of modeling a wind power plant in WASP 

IV package, application of the preferred method its results. This chapter also details a 

methodology for the evaluation of a modeled wind plant’s energy, capacity and 

emission credits by using the output data of WASP IV simulations which can be 

easily extended to evaluate the benefits of any NCRE plant.  

Chapter 6 discusses the Mean Variance Portfolio Theory and its application in 

evaluating the target CEB generation mixes of 2012 and 2025. Two scenarios were 

evaluated by including and excluding the costs of CO2 in the generating costs of 

alternative technologies and the results were discussed in depth.  

The final chapter is of the conclusions reached in this study along with the reviews of 

the objectives of this research and what it has achieved. Further, it summarizes and 

discusses the results obtained and also lists possible future work that could be carried 

out. 

 


