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Chapter 7 

SUMMARY AND CONCLUSION 

Since generation planning plays a major role in a country’s efforts of mainstreaming 

NCRE developments, the long term generation planning methodologies adhered and 

utilized by Sri Lanka were examined in this thesis, and several conceptual 

modifications were proposed to successfully integrate and evaluate NCRE resources 

in the country’s present planning process. In addition, the proposed concepts were 

applied to the Sri Lankan system to evaluate their applicability, and the results were 

analyzed and discussed in each chapter.    

7.1  Summary and Key Findings 

Chapter 1 provided an overview of long term generation planning, highlighted the 

importance of mainstreaming NCRE resources of a country and identified the 

complexities associated with NCRE planning. The present status of the NCRE sector 

in Sri Lanka and relevant policy objectives and targets were also discussed.  

In Chapter 2, the constraints to mainstream adoption of NCRE technologies in Sri 

Lanka were discussed along with related policy and regulatory interventions. The 

establishment of SLSEA, introduction of technology specific, cost based NCRE tariff 

and provision of long term SPPAs were recognized as the main regulatory 

interventions that contributed to the development of NCRE resources in Sri Lanka. 

Even though Sri Lanka has taken several constructive measures to develop NCRE 

resources in the country, a clear lack of technology and performance standards were 

identified, and the need to establish a proper framework to formulate the relevant 

standards were highlighted.  

The CEB’s generation planning process was reviewed and issues related to NCRE 

planning were discussed in Chapter 3. Since the planning process is least-cost based, 

risks associated with different technologies are not recognized when alternative 

technologies are compared. Capacity contribution of intermittent NCRE sources such 

as wind is not calculated, and such plants are not considered as candidate options. 

The benefits of NCRE plants are difficult to be evaluated in detail when those are not 
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treated and included as a conventional power plant in WASP IV. These issues were 

addressed conceptually in Chapter 3 and the proposed concepts were applied to the 

Sri Lankan system in the subsequent chapters. 

The methods of calculating capacity credit of NCRE generators were discussed in 

Chapter 4. Several recommended methods in published literature such as ELCC, 

peak period capacity factor, multi state unit representation and capacity factor during 

high LOLP hours were evaluated, and the peak period capacity factor method was 

found to be the most suitable and effective method to be applied to the Sri Lankan 

context, when the characteristics of the system load profile of Sri Lanka, input data 

requirement of the model and accuracy of the prediction is considered. The function 

and structure of the wind power output model was explained and model limitations 

were also identified.  

The modeling and evaluation of wind power plants in WASP package was described 

in Chapter 5. Approaches of modeling NCRE plants in WASP were discussed and 

the shortcomings of the present practices were identified. Subsequently, a ROR 

method was proposed and two generation plans were optimized in WASP with and 

without the hypothetical wind park. The modeled wind park was selected by the 

WASP optimization tool on the same year it was available for selection, and the 

WASP results indicated further cost reductions with addition of more wind power. A 

methodology to evaluate the modeled wind park was also presented in Chapter 5.  

Chapter 6 described the application of MVPT as a planning tool to assess portfolio 

risks and evaluated the Sri Lankan generation mixes of 2012 and 2025. Position of 

the CEB mixes was evaluated against the efficient frontier in two cases with and 

without the inclusion of CO2 costs, and the possibility of reducing the portfolio cost 

and the risk was also examined. Results showed that the CEB 2025 mix comes 

considerably close to the EF, and the CEB 2012 mix was noticeably away in both the 

cases, which is an indication of the inefficiency of the 2012 mix. For example, when 

the CO2 costs were not considered, the 2025 mix showed a cost reduction of 32.54 

percent and a risk reduction of 13.95 percent when compared to the 2012 mix. 
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With the inclusion of a CO2 cost of 30 US$ per tonne, the generation cost of coal 

power generation increased by 27.17 percent, while the cost of gas based generation 

increased only by 11.44 percent. This made the cost of gas generation highly 

competitive with the cost of coal generation, and it was evident that higher CO2 costs 

would make the cost of gas generation considerably cheaper than that of coal power 

generation.  

Furthermore, it was noted that oil based generation has been largely reduced or have 

even been removed from the generation mixes in both scenarios when portfolios 

move close to the EF. Even though the MVPT evaluation indicated a sizeable 

amount of natural gas generation in optimal portfolios, using least-cost approaches 

would almost never select natural gas over coal generation due to the differences in 

stand-alone costs. Nevertheless, the portfolio approach has shown that the addition of 

natural gas and NCRE based generation to the mix is certainly desirable due to the 

portfolio risk reduction it brings without increasing the overall generation costs 

unnecessarily.  

7.2  Recommendations and Contributions of the Thesis 

This research was carried out to examine the ways to mainstream NCRE 

technologies in the traditional planning efforts, and the main recommendations and 

contributions of this thesis are summarized below;  

• There is a clear lack of NCRE technology and performance standards in Sri 

Lanka, and establishment of a proper framework to formulate relevant 

standards is essential.  

• For long term capacity expansion planning, the use of peak period capacity 

factor method is recommended to calculate the capacity credit of NCRE 

generation in Sri Lanka. 

• A ROR hydro equivalent model is proposed to model wind power plants in 

WASP IV package. 

• An Average Incremental Cost method is recommended to evaluate the energy 

and capacity cost savings from NCRE power plants. 
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• Target generation mixes shall be evaluated using MVPT to assess the 

generation portfolio risks and to capture the inherent risks in different 

alternative technologies. 

In this research, a wind power output model was developed using Matlab, and the 

model was tested using hourly wind data of 12 months. However, wind data of 

several years with a better resolution such as that of 10 or 30 minute intervals would 

provide a better output prediction. For medium and large projects in complex 

terrains, wind measurements collected from several metrological masts shall be used 

once available and the project site shall be clustered appropriately to obtain a better 

estimation of the project output.  

Another Matlab model was developed in this research for portfolio risk evaluation of 

the Sri Lankan generation mixes using MVPT. At present, the risks are evaluated via 

sensitivity studies and the MVPT analysis presents a new perspective to the risk 

assessment of the generation portfolios. The developed model can be readily used 

alongside the present practices, and could be regarded as a significant contribution of 

this thesis.  

Naturally, the output consistency of the two models depends on the accuracy of the 

input data and thus, periodic revision of the model inputs is highly recommended.  

7.3  Scope for Future Work 

The focus of this research was on integrating and evaluating small hydro power, 

wind and biomass power which are considered to be the three main NCRE sources in 

Sri Lanka, and the present work can be further extended to represent other NCRE 

sources such as photovoltaic and geothermal power as well. 

In the wind power output model used in this thesis, the outputs from individual units 

are aggregated into an equivalent wind capacity that is equal to the sum of all 

individual outputs. However, in reality, wind incident will not be equal for all the 

turbines at a given time since the turbines will be spread over a large geographical 

area. Therefore, dynamic modeling and detailed analysis could be carried out as 

future work to aggregate the individual turbine outputs more accurately.  
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The impacts of intermittency will have to be evaluated as NCRE penetration 

increases, and for successful integration, scenarios such as back up generation and 

energy storage techniques will have to be studied in depth. It is believed that energy 

storage techniques such as pumped hydro and hydrogen storage will be instrumental 

in dampening the intermittency effects of various NCRE sources. Therefore, further 

developments in modeling with the inclusion of the above storage techniques will 

provide a better understanding on the NCRE integration concerns.          

Transmission planning was not included in the present work due to time constraints. 

Nevertheless, good transmission infrastructure is vital for successful integration of 

NCRE generation and could be added in future work. 

7.4  Conclusion 

In essence, this research presented methodologies to model a wind power plant in 

WASP IV and to evaluate the benefits of the modeled NCRE plants in the present 

generation planning process of Sri Lanka. Furthermore, this thesis provided a new 

insight into the capacity contribution of NCRE plants and also discussed policy and 

regulatory interventions in Sri Lanka in relation to NCRE developments. 

Even though the application of the proposed concepts are mostly done on a wind 

power plant, the methodologies used for the calculation of capacity credit and for the 

economic evaluation of the modeled wind park are broadly applicable to other NCRE 

resource types as well.  

In conclusion, it is expected that the methodologies, models, results and discussions 

presented in this thesis would provide valuable resources to the generation planners 

and would help in successful development and grid integration of NCRE resources in 

Sri Lanka. 

 

 

 

 


