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Chapter 6 

EVALUATION OF THE SRI LANKAN GENERATION MIXES 

USING MEAN-VARIANCE PORTFOLIO THEORY 

6.1  Least Cost Vs Portfolio Based Approaches in Generation Planning 

As discussed previously in Chapter 1, long term generation planning is carried out to 

identify the future capacity expansion options to meet the forecasted demand at an 

acceptable level of system reliability and cost. Generally, the generation planning 

horizon may range from 15 to 30 years into the future, and accurate forecasting is 

quite challenging amidst the uncertainties in electricity demand, fuel prices, 

investment costs, unit operation, regulatory developments, technological advances, 

etc. Even though there are limitations, traditional generation planning approaches 

often use least-cost methodologies that focus on developing a least-cost expansion 

plan simply by adding stand-alone “least-cost” resources instead of evaluating 

complete portfolios. Some critics argue that the levelised cost calculation fails to 

differentiate between cost streams which have different risks [49]. This may result in 

underestimating the cost of generating technologies with relatively risky future cost 

streams such as fossil fuel plants and overestimating the costs of technologies with 

lower risk future cost streams such as wind turbines. When it comes to generation 

expansion planning, renewable technologies may present a higher levelised cost than 

the conventional thermal technologies. But that does not imply that the overall cost 

of the portfolio of technologies will be more costly, given the "statistical 

independence of renewables costs, which do not correlate (or co-vary) with fossil 

price movements" [50]. Hence, least cost methodologies are usually biased towards 

conventional thermal technologies, which may result in lack of diversification in 

generation expansion plans [51].  

Least-cost methodologies may have worked in the past decades when there were no 

high uncertainty in fuel prices, economic conditions, and low rates of technological 

progress [52]. However, modern generation planning has become very challenging 

due to a diverse range of resource options and a highly uncertain planning horizon. 

Therefore, expanding the system by accurately identifying the least-cost alternatives 
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in today’s uncertain environment is virtually impossible, and given the uncertain 

environment, it makes sense to alter traditional planning approaches from evaluating 

alternative technologies to evaluating alternative generation portfolios and strategies 

[53]. Even though the levelised costs of NCRE sources may be higher than 

conventional technologies, the addition of more NCRE sources to a generation 

portfolio which have a high share of thermal generation may not increase the overall 

generation cost because even if some alternatives in a portfolio may have higher 

costs at a given time, others may have lower costs. As a result, the optimal 

combination of resources will minimize the overall expected generating cost relative 

to the expected risk [54]. In essence, portfolio based approaches evaluate 

conventional and NCRE resources not on the basis of their stand-alone costs, but on 

the basis of their portfolio cost. 

Least-cost planning methodologies may lead to inefficient generation portfolios that 

are unnecessarily exposed to volatile fossil fuel risks when such risks are not 

explicitly considered in the resource evaluations [55]. The CEB also uses a least-cost 

approach when preparing the generation expansion plan which considers the stand-

alone costs of various alternatives. Therefore, this thesis proposes the Mean-Variance 

Portfolio Theory as a complementary planning tool to assess portfolio risks, which 

are generally ignored in least-cost methodologies.  

The foundation of MVPT was laid by Nobel Laureate Harry Markowitz in 1952. In 

essence, the theory states that by diversifying a portfolio of assets, the portfolio risk 

can be lowered compared to the risk of the individual assets [56]. Since Markowitz’s 

original work, portfolio theory is extensively used by financial investors to minimize 

the risk and maximize the return of their portfolios by diversification under various 

uncertain economic conditions [57]. Over the past decade, MVPT has been applied 

by many authors to evaluate generation portfolios. Awerbuch and Berger [58] 

performed an analysis on the European Union (EU) generation mix and the results 

indicated that the existing and projected generation mixes are not optimal when the 

risks are considered. Awerbuch and Yang [55] further evaluated the 2020 EU 

generating mix and found that by increasing the share of non-fossil technologies such 

as wind and nuclear, the cost and risk of EU generating portfolio could be reduced. 
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Other case studies of smaller generation mixes include Ireland [59], Netherlands 

[60], Scotland [54], Cyprus [57] and California’s Generation mix [61]. In common, 

all these studies conclude with similar results to support the development of fixed-

cost NCRE resources such as wind, and the inclusion of a CO2 cost in the evaluations 

have further strengthened the results as it makes NCRE resources with zero 

emissions more attractive compared to fossil fuel based generation. 

6.2  Mean Variance Portfolio Theory Basics 

Portfolio theory was initially used to manage financial portfolios where it relates the 

expected portfolio return to the expected portfolio risk, which is defined as the year-

to-year variation of expected returns. A portfolio is generally defined as a set of 

individual securities, and a perfectly diversified portfolio or an efficient portfolio 

refers to ones that maximize the expected return for any given level of portfolio risk 

while minimizing the portfolio risk for every level of expected returns [62]. 

Let P be a multi-security portfolio composed of N securities with i ∈ [1, ..., N]. The 

allocation vector Z[\\\\\] indicates the fractional weights of security i in portfolio P; 

Z^\\\\\] = _Z�Z`⋮Z�
b        

As mentioned above, the performance of a portfolio is characterized by two numbers 

in the portfolio theory. The first one is the expected portfolio return and if R 

represents the vector of expected returns of the individual securities; 

c\] = _c�c⋮̀c�
b       

Now, the expected portfolio return (c^) of a portfolio can be calculated as the sum 

of expected returns of the individual securities weighted by their fractional weights; 

c^ = � Z	
�

	
� c	 =  Z[\\\\\]d . c\]                                              
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Secondly, a portfolio can be characterized by the standard deviation of its expected 

returns(f[), which is the square root of the variance f[̀ . The standard deviation of 

expected returns is a measure of the overall portfolio risk and is a function of not just 

the individual security risks, but also the correlation of returns between each security 

of the entire portfolio [63]. If the individual security returns were independent 

variables, the overall portfolio risk would simply be the weighted sum of all 

individual security risks. However, in reality, securities are generally dependant and 

hence are correlated variables. Covariance is a measure of the linear association 

between two variables and therefore, the covariance matrix of the portfolio (Covp) 

which contains the covariance values between the returns of any security i with the 

returns of any other security j for all i, j ∈ [1, ..., N] can be represented as; 

Covi = jklm�� ⋯ klm��⋮ ⋱ ⋮klm�� ⋯ klm��p                                         
Now, the variance of expected return (f[̀ ) of a portfolio can be calculated as; 

f[̀ = � � Z	
�

q
� Zq
�

	
� klm	q =  Z[\\\\\]d . Covi. Z[\\\\\]                  
Given that ∑ Z	�	
� = 1 and Z�, … , Z�  ≥ 0, the optimal portfolio allocation Z[∗\\\\\] can 

be obtained according to the investor’s preferences (there will be different optimal 

portfolios for different levels of risk). 

The correlation coefficient (x	q) between two securities can be calculated by dividing 

the covariance by the standard deviation of security i and the standard deviation of 

security j. Correlation coefficient also describes the association between two 

variables and a correlation coefficient of +1 corresponds to a perfect positive linear 

relationship between the returns of security i and j. A correlation coefficient of -1 

corresponds to a perfect negative linear relationship between the returns of two 

securities and if the correlation coefficient is 0, the variables are independent. 

x	q = klm	qf	fq                                                                      
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The MVPT analysis is illustrated below considering a portfolio P which contains 

only two assets A and B with characteristics as shown in Table 6.1. The same can be 

extended to include N number of assets following the same procedure described 

previously.  

Table 6.1: Expected returns and standard deviation of assets A and B 

Assets Returns (R) Standard Deviation (y) Correlation Factor (z{|) 

A 10% 12% 
-0.7 

B 20% 25% 

The expected return of the portfolio is a simple weighted average of the expected 

returns of the individual assets. 

c^ = � Z	
�

	
� c	 =  Z}c} + Z~c~ = Z}c} + (1 − Z})c~ 

c^ = 0.1Z} + 0.2(1 − Z}) 

c^ = −0.1Z} + 0.2 

Since the expected returns of the two assets A and B are correlated, the variance of 

the portfolio is not a simple weighted sum of the variances of the individual assets. 

f[̀ = � � Z	
�

q
� Zq
�

	
� klm	q = Z}̀ f}̀ + Z~̀f~̀ + 2Z}Z~f}f~x}~ 

f[̀ = 0.1189Z}̀ − 0.167Z} + 0.0625 

It is evident that when the expected returns, standard deviations and the correlation 

between assets are known, the return of the portfolio and the associated risk varies 

according to the fractional weights of assets A and B. The results are presented in 

Table 6.2 and the risk return curve of this two asset portfolio according to different 

fractional weights are shown in Figure 6.1. The end points of this curve represent 

portfolios which contain only a single asset. Inner points of the curve represent 

alternative portfolios with different risk return values which correspond to different 

fractional weights of the two assets. 
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Table 6.2: MVPT analysis results of two-asset portfolio �{ y�� y� �� 

0 0.0625 0.25 0.2 

0.1 0.046989 0.216769 0.19 

0.2 0.033856 0.184 0.18 

0.3 0.023101 0.15199 0.17 

0.4 0.014724 0.121342 0.16 

0.5 0.008725 0.093408 0.15 

0.6 0.005104 0.071442 0.14 

0.64 0.004321 0.065738 0.136 

0.68 0.003919 0.062605 0.132 

0.7 0.003861 0.062137 0.13 

0.72 0.003898 0.062432 0.128 

0.76 0.004257 0.065243 0.124 

0.8 0.004996 0.070682 0.12 

0.9 0.008509 0.092244 0.11 

1 0.0144 0.12 0.1 
 
 

 

 

 

 

 

 

 

 

 

Figure 6.1: Expected return and risk of two-asset portfolio 



56 

 

When constructing a portfolio, an investor may select any point on the curve 

depending on the portfolio risk he is willing to take. However, for the portfolio return 

to be optimal, the selected point has to be in the upper part of the curve between 

points C and B. The points which lie in between points C and A cannot produce 

optimal portfolios because for each value of risk along this part of the curve, a higher 

portfolio return could be obtained at the same risk level by choosing a point between 

C and B. Therefore, the portion of the curve between points C and B is called the 

efficient frontier and it includes the points which offer the highest possible returns 

for each possible value of portfolio risks. 

6.3  Application of MVPT to Electricity Generation Assets 

When applying the portfolio theory to electricity generating assets, the return of a 

generation technology has to be defined. If the generating costs are measured in 

US$/MWh, the corresponding return is simply the inverse of the generating cost, 

measured in MWh/US$ [58]. Therefore, when it comes to generating assets, 

maximization of the return essentially means the minimization of generating costs. In 

addition, the following analogies are considered when applying MVPT to generation 

planning; 

• Generation technologies represent securities or assets in a portfolio 

• Fractional weights represent the shares of electricity generation by different 

types of generating technologies in a generation mix 

• Instead of expected return, expected generation cost of each technology will 

be considered 

Let Cp be the expected generation cost of the generation mix, wi be the fractional 

weight of the energy generated by the ith technology in the generation mix and Ci be 

its expected levelised generation cost. Now we can define the expected generation 

cost of the generation mix and variance of the expected generation cost (f�[̀) as; 

�^ = � Z	
�

	
� �	                                                                 
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f�[̀ = � � Z	
�

q
� Zq
�

	
� klm	q = � � Z	
�

q
� Zq
�

	
� x	qf	fq     
Where, f	 represents the technology risk of ith technology and x	q is the correlation 

coefficient between the generation costs of technologies i and j. Therefore, the 

expected risk of a generation mix is a weighted average of the risks of individual 

technology costs, tempered by their correlations or covariances. The generation cost 

of a technology mainly consists of three components; investment cost, fuel cost and 

operation and maintenance cost. When external costs are considered, a CO2 cost is 

also included. Since each technology itself consists of a portfolio of cost 

components, the risk for an individual technology is the portfolio risk for those cost 

components.  

When applied to generation planning, MVPT can account for correlations between 

generating costs of various technologies. For example, fossil fuel prices are generally 

correlated with each other and a generation mix is exposed to fuel price risks if it is 

dominated by fossil fuel technologies. On the contrary, renewable technologies and 

nuclear power can diversify the generation mix and reduce its expected risk because 

the generation costs of renewable technologies and nuclear power are not correlated 

with fossil fuel prices.  

Application of MVPT in generation planning is illustrated in Figure 6.2 which shows 

the portfolio diversification effect of a two technology portfolio. Suppose technology 

A is a renewable technology with a higher generation cost and lower cost risk, such 

as wind. It has an expected generation cost (illustrative) of around US$ 135 per 

MWh and an expected generation cost risk of 7 percent. Suppose technology B is a 

thermal technology with a lower generation cost but with a higher generation cost 

risk, such as gas fired generation. Its generation cost is US$ 85 per MWh and the risk 

is 14 percent. The correlation factor between the generation costs of the two 

technologies is assumed to be zero. The variation of portfolio cost and portfolio risk 

according to different fractional weights of generation of the two technologies is 

shown in Figure 6.2. 
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Figure 6.2: Portfolio effect for a two asset generation portfolio 
 

It can be seen that the total portfolio risk decreases from Portfolio A to Portfolio C 

when technology B is added to the portfolio even though technology B has a higher 

risk level than technology A. Portfolio C is the minimum risk portfolio with a risk of 

around 6.2 percent which is lower than the risk of technology A and this illustrates 

the effect of diversification. 

The lower part of the curve between points B and C is the efficient frontier and any 

generation mix above point C is inefficient because for any point between C and A, a 

superior mix could be obtained at the same risk level with a lower generation cost. 

For example, portfolio Y is superior to portfolio A since it has a lower generation 

cost at the same risk level of portfolio A. Further it can be seen that at point Z, the 

portfolio risk is reduced by 28 percent for a generation cost increase of 15 percent 

when compared with portfolio B. When only the stand-alone costs are considered, 

technology A has a higher generation cost than B. However, mixes such as Y and Z 

show that properly combined generation mixes can produce efficient results, and 

these diversification effects or optimal mixes are not captured when generation 

planning is based solely on least cost methodologies. 
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6.4  Data Required for the Application of MVPT to Generation Portfolios 

The application of MVPT to a generation mix requires three data sets; the levelised 

cost of generation for each technology (US$/MWh) with respective fractional 

weights of cost components, the risk or standard deviation of each cost component 

and the correlation coefficients between all cost components.  

The levelised costs used in this thesis, except for wind and natural gas are based on 

the CEB generation expansion plan of 2010. Levelised cost of generation for wind 

and natural gas are based on the publication “Projected Costs of Generating 

Electricity, 2010 Edition” by the International Energy Agency [64]. Since a carbon 

cost is not used in the present planning approaches, the levelised costs were 

calculated including and exccluding carbon costs. The cost of CO2 was considered as 

the economic cost of abatement to reduce emissions and the amount was considered 

to be US$ 30/tCO2 [6]. Further, it was assumed that the electricity generation of coal 

was done using only steam turbines, for wind using only onshore wind plants and for 

diesel and natural gas, using only Combined Cycle Gas Turbines (CCGT). Table 6.3 

summarizes the levelised costs with and without the inclusion of CO2 costs. 

Table 6.3: Levelised generating costs (US$/MWh) 

With the inclusion of CO2 Costs 

 Capital Fuel O&M CO2 Total 

Coal 25.63 38.15 4.14 25.37 93.29 
Combined Cycle - Diesel 17.60 159.11 5.05 17.22 198.98 

Natural Gas (LNG) 15.97 61.12 4.48 10.54 92.11 
Hydro 95.73 0.00 1.87 0.00 97.60 
Wind 115.24 0.00 21.92 0.00 137.16 

Biomass (Dendro) 30.51 100.04 6.37 0 136.92 

Without the inclusion of CO2 Costs 

 Capital Fuel O&M CO2 Total 

Coal 25.63 38.15 4.14 0.00 67.92 
Combined Cycle - Diesel 17.60 159.11 5.05 0.00 181.76 

Natural Gas (LNG) 15.97 61.12 4.48 0.00 81.57 
Hydro 95.73 0.00 1.87 0.00 97.60 
Wind 115.24 0.00 21.92 0.00 137.16 

Biomass (Dendro) 30.51 100.04 6.37 0 136.92 
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The standard deviation values of capital, fuel, O&M and CO2 costs for each 

technology were obtained from Awerbuch and Yang (2007) and are given in 

Appendix F [55].  

The correlation coefficients of fuel, O&M and CO2 costs between different 

technologies were obtained from [55] and are shown in Appendix G. According to 

Awerbuch and Berger (2003), the correlation between the capital costs of any two 

thermal technologies is assumed to be high, and a coefficient of 0.7 was used. A 

value of 0.1 was used for the correlation between the capital costs of thermal and 

renewable technologies. The correlation between capital and O&M cost is assumed 

to be small and thus a value of 0.1 was used. Further, it was assumed that the 

correlations between O&M and fuel, capital and fuel, O&M and CO2, and fuel and 

CO2 costs are zero for each pair of technologies [58].  

6.5  Evaluation of the Sri Lankan Generation Mixes of 2012 and 2025 

The preceding section described the generating cost and risk values for different 

technologies used in the evaluation. Since a CO2 cost is not considered in the present 

planning approaches, two scenarios were evaluated separately with and without the 

inclusion of CO2 costs.  

Theoretically, any single technology could potentially generate the total electricity 

demand of the generation mix. However, in practice every technology has certain 

technical and economical limitations which must be recognized and included in the 

MVPT model in order to develop realistic portfolios. For example, renewable 

technologies may be limited in resource availability and may have certain practical 

difficulties when it comes to project developments. While conventional technologies 

such as coal, oil and natural gas may not have upper bounds due to resource 

limitations, upper bounds may still be required to account for lead times to construct 

new power plants. Lower bounds may be applied in both renewable and conventional 

technologies to prevent the model from retiring existing power plants which are not 

scheduled to be retired by the target year. In this thesis, maximum wind and biomass 

power generation is therefore limited to 10% considering the resource limitations and 

construction lead times. Since majority of the hydro power resources are already 
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developed, the maximum hydro power share is limited to 30% and the minimum 

hydro power share is limited to 18% to prevent the retiring of already developed 

hydro power plants. Accordingly, the maximum coal power share is limited to 81.5% 

and the minimum coal power share is 6.5%. The maximum oil and natural gas share 

is therefore limited to 75%.  

Table 6.4 shows the target generation mixes of 2012 and 2025 as per the CEB 

generation expansion plan of 2010 and Table 6.5 shows the lower and upper bounds 

of alternative technologies applied in MVPT analysis.  

Table 6.4: Target generation mixes of 2012 and 2025 

Technology Expected Generation (GWh) Energy Share (%) 

 2012 2025 2012 2025 

Coal 1821 19547 14.61 70.95 

Oil 4944 306 39.67 1.11 

Gas (LNG) 0 0 0.00 0.00 

Hydro 5456 6878 43.78 24.96 

Wind 140 378 1.12 1.37 

Biomass (Dendro) 102 443 0.82 1.61 

Source: CEB Generation Expansion Plan 2010 

Table 6.5: Lower and upper bounds for the alternative technologies 

Technology Lower bound (%) Upper bound (%) 

Coal 6.5% 81.5% 

Oil 0% 75% 

Gas (LNG) 0% 75% 

Hydro 18% 30% 

Wind 0.5% 10% 

Biomass (Dendro) 0% 10% 
 

Figure 6.3 illustrates the generating costs per MWh and risks associated with each of 

the generating technologies with a CO2 cost of 30$ per tonne while Figure 6.4 shows 

the individual cost and risk values without the inclusion of a CO2 cost. For 

comparison, the cost-risk combinations of target Sri Lankan generation mixes of 

2012 and 2025 are also shown in the two figures. 
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Figure 6.3: Costs and risks of generating technologies (with CO2 costs) 

 

 

Figure 6.4: Costs and risks of generating technologies (without CO2 costs) 
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Figure 6.4 shows that compared to the 2012 generation mix, the 2025 mix’s 

electricity generating cost has reduced from 111.60 US$ to 75.29 US$/MWh. In 

addition, the expected risk of the generation mix is also reduced from 10.32 percent 

to 8.88 percent. This is attained by retiring most of the costly and risky oil power 

generation and by increasing the share of coal based generation. 

As shown in Figure 6.3, the inclusion of a CO2 cost has increased the overall cost of 

generation due to the increase in cost of fossil fuel generation. The generation cost of 

2025 mix has been increased by 21.43 percent due to the high share of coal based 

generation. However, the generation cost of the 2012 mix has been increased by only 

8.64 percent due to the high share of hydro power generation. Nevertheless, the 2025 

mix shows a lower cost of 95.82 US$/MWh, and a risk of 7.12 percent compared to 

the cost of 122.14 US$/MWh and risk of 9.77 percent of the 2012 generation mix.  

Furthermore, it has to be noted that with the inclusion of a CO2 cost of 30 US$ per 

tonne, the generation cost of coal power generation increases by 27.17 percent from 

67.92 US$/MWh to 93.29 US$/MWh, while the cost of gas based generation 

increases by only 11.44 percent from 81.57 US$/MWh to 92.11 US$/MWh. This 

made the cost of gas based generation highly competitive with the cost of coal power 

generation, and it is evident that higher CO2 costs would make the cost of gas based 

generation considerably cheaper than that of coal based generation. 

6.5.1  Results and Discussion 

A MVPT analysis of the CEB generation mixes was carried out to evaluate the 

position of the target CEB generation mixes against the Efficient Frontier (EF). Two 

scenarios were analyzed with and without the inclusion of CO2 costs, and further, the 

possibility of reducing the portfolio cost or the risk of the target CEB mixes was 

examined.  

Figures 6.5 and 6.6 illustrates the efficient frontier and the position of the target CEB 

mixes for scenario one which includes CO2 costs. Figures 6.7 and 6.8 represent the 

second scenario which does not include CO2 costs. The blue curves in all four figures 

represent the efficient frontier or in other words, the locus of all optimal generation 

mixes. Although there can be an infinite number of generation mixes which could 
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meet the 2025 electricity demand, the optimal mixes lie on the EF. There are no 

feasible mixes below the EF and the mixes which lie above the EF are sub-optimal or 

inefficient because it is possible to further reduce the cost or risk of those generation 

mixes by finding mixes on the EF either by moving below or to the left. 

In the evaluation of the CEB generation mixes, four typical optimal mixes were 

selected along the EF for easier comparison; 

Mix A1/A2: Least risk/highest cost optimal portfolio, usually the most diverse 

Mix B1/B2: Same cost as the CEB mix, but with a lower risk 

Mix C1/C2: Same risk as the CEB mix, but with a lower cost 

Mix D1/D2: Least cost/highest risk optimal portfolio, usually the least diverse 

6.5.1.1 Scenario one (With CO2 costs) 

The efficient frontier, costs and risks of each mix and the respective weights of each 

technology, along the EF were obtained using a Matlab model given in Appendix H 

subjected to the lower and upper technology bounds as mentioned above in Table 

6.5. 

 

Figure 6.5: Efficient frontier for the CEB Generation mix - Scenario 1 
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Figure 6.6: CEB generation mixes of 2012 and 2025 against EF - Scenario 1 

Figure 6.5 displays the EF for the Sri Lankan generation mix. It starts at A1 with the 

minimum-risk portfolio and while moving forward along the EF, the model 

minimizes the generation cost of the mix and takes more risk up to point D1 which 

represents the minimum-cost optimal portfolio.  

Table 6.6: Technology shares of optimal portfolios – Scenario 1 
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Mix E1 93.54 9.77 28.11 0.00 53.39 18.00 0.50 0.00 
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As shown in Table 6.6, the CEB 2025 mix has an overall generating cost of 95.82 

US$/MWh and a risk of 7.12 percent. Mix B1 is an equal cost/low risk generating 

mix which reduces the risk up to 6.71 percent. On the other hand, mix C1 is an equal 

risk/low cost mix which reduces the generating cost up to 94.60 US$/MWh.  

Mix A1 is the minimum-risk portfolio which reduces the risk from 7.12 percent to 

5.54 percent, and it happens to be the most diversified mix with the highest share of 

renewables where all hydro, wind and biomass has hit the upper limits of respective 

energy shares. But this comes at a cost increase of 6.57 percent which is unattractive 

when compared with mix B1. Similarly, mix D1 represents the minimum-cost mix. It 

reduces the cost by 2.58 US$/MWh, but this cost reduction comes with a 

considerable increase in portfolio risk from 7.12 percent to 11.75 percent, which is 

almost a 40 percent increase. Therefore, it can be seen that the practical range of 

generation mixes lie between mixes B1 and C1. In addition, it is interesting to note 

that both the mixes; B1 and C1, have reduced shares of coal power generation, no oil 

based generation and a considerable amount of natural gas generation.  

Even though the CEB 2025 mix can be further fine tuned, it is generally close to the 

EF and shows a considerable improvement when compared with the CEB 2012 mix. 

As per Figure 6.6, CEB 2012 mix is noticeably away from the EF and has an overall 

generating cost of 122.15 US$/MWh and a risk of 9.77 percent. The CEB 2025 mix 

shows a cost reduction of 21.55 percent and a risk reduction of 27.12 percent when 

compared with the 2012 mix. Further, mix E1 shows that the generating cost of the 

CEB 2012 mix can be reduced by 23.42 percent while maintaining the same risk 

level. This involves a high share of gas generation, but this will not hold true if the 

CO2 costs are not considered since the removal of CO2 costs makes the coal 

generation considerably cheaper than natural gas generation. However, if the climate 

change mitigation is also an objective of long term generation planning, the carbon 

costs and emission reductions should also be considered along with the costs and 

risks of the generating mixes. Since the present generation planning approaches does 

not consider a CO2 cost, the Sri Lankan generation mixes were evaluated without the 

inclusion of CO2 costs for comparison purposes and the results are presented in the 

following section. 
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6.5.1.2 Scenario two (Without CO2 costs) 

 

Figure 6.7: Efficient frontier for the CEB Generation mix - Scenario 2 
 

 

Figure 6.8: CEB generation mixes of 2012 and 2025 against EF - Scenario 2 
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Figure 6.7 displays the EF of the Sri Lankan generation mix and the four selected 

generation mixes as discussed in the previous section. Figure 6.8 shows the position 

of the two target CEB mixes compared to the EF and Table 6.7 summarizes the 

energy shares of each technology for the six portfolios shown in Figures 6.7 and 6.8. 

Table 6.7: Technology shares of optimal portfolios – Scenario 2 

 Cost Risk Coal Oil Gas Hydro Wind Biomass 

 $/MWh % Share in electricity generation (%) 

CEB 2025 75.29 8.88 70.95 1.11 0.00 24.96 1.37 1.61 

CEB 2012 111.60 10.32 14.61 39.67 0.00 43.78 1.12 0.82 

Mix A2 89.16 6.13 30.23 2.85 16.93 30.00 10.00 10.00 

Mix B2 75.29 8.69 67.99 0.00 6.27 21.19 0.50 4.06 

Mix C2 74.73 8.88 69.84 0.00 5.75 20.80 0.50 3.11 

Mix D2 72.05 9.85 81.50 0.00 0.00 18.00 0.50 0.00 

When the CO2 costs are not included, the overall generating cost of the CEB 2025 

mix amounts to 75.29 US$/MWh and has a risk of 8.88 percent. Mix A2 represents 

the minimum-risk portfolio with a risk of 6.13 percent and a cost of 89.16 

US$/MWh, which is a cost increase of 15.55 percent from the CEB 2025 mix. 

Similar to scenario one, A2 is the most diversified generation mix and has the highest 

share of renewable energy generation with all hydro, wind and biomass shares at 

upper limits. Mix D2 represents the minimum-cost portfolio with a generation cost of 

72.05 US$/MWh and a risk of 9.85 percent. Here, the cost is reduced by 4.30 percent 

while the risk is increased by 9.84 percent and not unexpectedly, this mix is the least 

diversified mix with the highest share of coal generation. Even though mix D2 seems 

attractive when the cost-risk trade-off is considered, practically it may be difficult to 

have this combination due to operational constraints. 

Mix B2 is an equal cost/low risk generating mix which reduces the risk to 8.69 

percent with a risk reduction of only 2.14 percent. Mix C2 represents an equal 

risk/low cost mix which reduces the generating cost to 74.73 US$/MWh with a cost 

reduction of 0.74 percent. Therefore, it is evident that when CO2 costs are not taken 

into account, the CEB 2025 mix comes very close to the EF, and further it should be 
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noted that both B2 and C2 have a substantial share of generation which comes from 

natural gas and similar to scenario one, there is no oil based generation in either of 

the two mixes.   

Though the CEB 2025 mix lies close to the EF, the CEB 2012 mix on the other hand, 

lies clearly away from the EF with a generating cost of 111.60 US$/MWh and a risk 

of 10.32 percent. This shows that the 2012 mix is highly inefficient in cost-risk terms 

where significant cost reductions are possible with different generation mixes. For 

example, the CEB 2025 mix shows a cost reduction of 32.54 percent and a risk 

reduction of 13.95 percent when compared to the 2012 mix.  

Oil based generation has been largely reduced or have even been removed from the 

generation mixes in both the scenarios when the portfolios move close to the EF. In 

addition, although the MVPT analysis indicates a sizeable amount of natural gas 

generation in optimal portfolios, the least-cost approaches would almost never select 

natural gas over coal generation if CO2 costs are not included due to the higher stand-

alone costs of natural gas generation. Nevertheless, the portfolio approach has shown 

that the addition of natural gas and renewable resource based generation to the mix is 

certainly beneficial due to the cost stability it brings without increasing the overall 

generation cost unnecessarily. Therefore, based on the above discussion, it is 

apparent that least-cost based generation planning might possibly lead to 

economically inefficient portfolios. 

In brief, the portfolio analysis presented in this chapter does not produce a specific 

capacity expansion plan. Nonetheless, it is capable of identifying the technologies 

that efficiently diversify the generation mix while increasing the energy security and 

thus, is significantly more detailed and robust than arbitrarily mixing different 

technologies. Therefore, MVPT is limited to providing a direction for generation 

planners which when utilized, would enable them to evaluate portfolio costs and 

risks, and could be used as a complementary planning tool alongside present 

practices to evaluate different technology alternatives and generation mixes.  

 


