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Abstract 
 

An effort has been made to access what happens to prevailing thermal generation plants if the generation from renewable energy re-

sources is increased above 20% of total generation. A test case has been taken where generation system comprising of ten thermal gener-

ating units is in conjunction with a 500 MW Wind Energy generation plant, and a 500 MW Solar Energy generation plant. It has been 

found that on one hand the cost of generation gets significantly reduced whereas, on the other hand few thermal generators are compelled 

to remain with no generation at all. The study reveals the peak load shaving and the economy achieved in overall generation system ver-

sus the threat to individual thermal generating plant due to inclusion of nearly 23% generation from renewable resources. 

 
Keywords: Hybrid Generation Unit Commitment Problem (HGUCP); Priority List Method (PLM); Particle Swarm Optimization with Time Varying Ac-

Celeration Coefficients (PSO_TVAC); Renewable Energy Resources (RER). 

 

1. Introduction 

The optimum generation scheduling plan in order to reduce the 

operational cost of generation for thermal generators has always 

proved to be a tall order assignment for researchers. The Unit 

Commitment Problem (UCP) is a complex, non-linear and con-

strains based optimization problem, where generation is optimally 

scheduled 24 hours to 168 hours ahead in order to optimally satis-

fy the prevailing forecasted load demand while simultaneously 

abiding by various constraints [1].Today when climate changes 

are forcing the policy makers to think about inclusion of Renewa-

ble Energy Resources (RER) as alternatives [2], [3], the inclusion 

of RER throws hands full of challenges in front of existing ther-

mal generating units. The economic viability of thermal generat-

ing units becomes questionable under the scenario where the gen-

eration from RER reaches above 20% of total generation. In this 

paper the share in generation from RER is taken as 23.42% of 

total generation. Two cases have been considered in this paper. In 

the first case, the load demand is satisfied by only ten thermal 

generating units while in the second case load demand is satisfied 

by ten thermal generating units in conjunction with a 500 MW 

Wind Energy Resource (WER) and a 500 MW Solar Energy Re-

source (SER). 

2. Problem formulation 

The cost function CF which is to be minimized is given by Equa-

tion 1 [4-6]. 
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FC is fuel cost function which is quadratic polynomial with coef-

ficients ai, bi and ci given by Equation 2. 
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SCi is the start-up cost of ith unit taken according to the minimum 

down time (MDi) of respective unit. It is represented by Equation 

3. 
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Hsc is the hot start-up cost, Csc is cold start-up cost. Csihrs is cold 

start-up hours, Xi
off is the duration in which ith unit is continuously 

OFF. 

The total cost CFH for 24 hours is given by Equation 4. 
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Uih is the ON/OFF status of the ith unit at hth hour. The color red 

indicates the OFF status of units whereas green indicates the ON 

status.  

The constraints of HGUCP considered here are as follows: 

a) Power Balance Constraint 
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Pi (t), Pwind (t) and Psolar (t) are the MW output of thermal, wind and 

solar generation plants respectively. 

b) Spinning Reserve Constraint for Thermal Plants 
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Pi (max) is the maximal generation in MW of ith unit and SRh is the 

spinning reserve at hth hour. The spinning reserve is taken as 5% 

of total load [4]. 
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c) Generation Limit Constraints 
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d) Minimum Up Time Constraints 

 

( )
on

X t MUi i
                                                                          

(8) 

 

e) Minimum Down Time Constraint 
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f) Initial Status 

 

It is the initial down time status that is required to be considered in 

the first hour of scheduling of a particular unit. 

 

g) Wind Generation Constraints 

 

The wind power generation model is explained in Equations (10-

15) [7-9].
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Where, ( )v tw  is forecasted wind speed at hour t, ( ( ))v tw is 

function of conversion for energy, Pwn  is proportionate output 

power of wind (rated) taken as 500MW. 1v , 2v , 3v  are cut-in, 

rated and cut-out wind speeds in m/s respectively [8]. The details 

about hourly wind speeds and 1v , 2v , 3v  are given in Appendix 

III. 

 

h) Solar Generation Constraints 

 

The hourly solar power generation is calculated by using Equa-

tions (16-17) [7-9]. 
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Where, s (t) is solar radiation in accordance to forecast at hour t, 

Sstand denotes solar radiation taken as 1000 W/m2 for standard 

environment, Rs denotes the radiation point (cut-in) taken as 

150W/m2 [8], Psn is maximum generation capability of solar 

system taken as 500 MW.  

The data regarding hourly solar radiation is provided in Appendix 

III. 

3. Proposed method 

A Three Stage Solution Methodology has been developed for 

Hybrid Generation Unit Commitment Problem (HGUCP). The 

prospective method is elaborated in Fig.1. 

When the load demand is solely satisfied by thermal generation 

then there is no requirement of Stage One process as the genera-

tion from RER will be considered as zero. 

 

 
Fig. 1: Solution Methodology for HGUCP. 

3.1. Stage two- priority listing of units 

The ON/OFF schedule for thermal generating units is obtained by 

Priority List Method (PLM). First a priority vector containing 

essential information about thermal units is obtained by using 

following Equation 19 [4], [5]. 
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This priority vector is updated with the help of the pseudo code 

given in Fig.2 in order to obtain final ON/OFF schedule. 
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Fig. 2: Pseudo Code for Priority Listing of Thermal Units. 

3.2. Stage three- economic load dispatch (ELD) 

The economic allocation of load among conventional thermal 

generating units has been solved by PSO_ TVAC. The equations 

used are given as (19-24) [10], [11].
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Where, ‘W’ is the inertia weight parameter. The linearly varying 

‘W’ is given in Equation (22). 
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‘c1’ and ‘c2’ are acceleration coefficients, dealing with the high 

non-linear nature of problem some modifications are done in clas-

sical PSO algorithm, in this paper PSO_TVAC is used [10, 12], 

the values of ‘c1’ and ‘c2’ can be obtained by Equations (22) and 

(23). 
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The bounds for velocity are set to make sure that the solution does 

not fly away [12]. 

4. Simulation and results 

Two generation systems are considered for analysis. In the first 

case the forecasted load for 24 hours gets satisfied with ten ther-

mal generating units only. While in the other case the forecasted 

load gets satisfied by ten thermal generating units in conjunction 

with one 500 MW WER and one 500 MW SER. The details about 

thermal plants, load profile, solar radiation and wind speeds are 

given in Appendices I, II and III respectively. 

4.1. Case one-thermal generation unit commitment 

problem 

The Stage One process is not required as there is zero generation 

considered from RER in Case One .The ON/OFF schedule ob-

tained from Stage Two (Priority Listing of Units) is given in Table 

1.The economic allocation of load among thermal generating units 

obtained from Stage Three (PSO_TVAC) is given in Table 2. The 

operating cost including fuel cost and start-up cost for all individ-

ual generators during 24 hour time period is given in Table 3. 

 
Table 1: On/Off Schedule (Case One) 

 
 

Table 2: Economic Load Dispatch for Case One 
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Table 3: Operating Cost for Individual Generators for 24 Hours-Case One 

 
 

The total operating cost for Case One is 558358.3$. The conver-

gence obtained from the proposed method is shown in Fig.3. It 

shows that the convergence is achieved in less than ten iterations. 

 

 
Fig. 3: Convergence for Case One. 

4.2. Case Two-Hybrid Generation Unit Commitment 

In Stage One the load demand is updated as stated in Fig.1. The 

method for obtaining the new Priority List and Economic Load 

Dispatch (Stage Two and Three respectively) stages for updated 

load demand remains the same. The hourly generation from RES 

and updated load demand is given in Table 4. The data regarding 

Wind speeds and solar radiation is given in Appendix III. 

 
Table 4: Hourly Generation From RES and Updated Load Demand 

 
 

The individual generation from SER and WER are shown in Fig.4 

and Fig.5 respectively. 

 

 
Fig. 4: Hourly Generation from SER. 

 

 
Fig. 5: Hourly Generation from WER. 

 

The ON/OFF schedule from Stage Two for Case Two obtained by 

Priority Listing of generating units is given in Table 5. The eco-

nomic allocation of generation among thermal generating units for 

updated load demand is obtained by PSO_TVAC is given in Table 

6. The cumulative fuel cost, start-up cost and generation from 

individual thermal generators for 24 hours are given in Table 7. 

 
Table 5: On/Off Schedule (Case Two) 

 
 

Table 6: Economic Load Dispatch (Case Two) 
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Table 7: Operating Cost for Individual Generator (Case Two) 

 
 

The comparison between Case One and Case Two is given in 

Table 8. 

 
Table 8: Comparison between Case One and Case Two 

 
 

The convergence of the proposed method for HGUCP is shown in 

Fig.6. It is observed that the convergence is within ten iterations. 

Thus it is concluded that the proposed method for solution of non- 

linear UCP is equally effective after inclusion of additional RES 

constraints. The overall operating cost of generation gets reduced 

from 558358.3$ to 414998.92$ as shown in Table 3 and Table 7 

respectively. The cumulative reduction in thermal generation, fuel 

cost and start-up cost of individual thermal generator for 24 hours 

is given in Table 8. It is interesting to note that the start-up cost for 

Unit No. 5 and 8 gets increased. This can be attributed to change 

in their ON/OFF status associated with corresponding hot/cold 

start-up costs. 

 
Fig. 6: Convergence for Case Two (HGUCP). 

 

The overall generation scenario for Case Two is shown in Fig.7. It 

can be seen from Fig. 7 that the summation of all the three 

generating resources is equal to the load demand for 24 hours. The 

peak load during day time is reduced by SER and in evening WER 

is contributing in reduction of peak load. This clearly indicates the 

peak shaving done by RER. 

 

 
Fig. 7: Total Generation Scenario for Case Two (HGUCP). 

5. Conclusion 

It can be concluded from this case study that the overall operating 

cost for generation gets reduced by 143359.3$ due to inclusion of 

RER. Also the grid gets relieved during peak load hours. At the 

same time as the significant penetration of generation from RER is 

included there is a clear threat to the economic viability of existent 

thermal generating units. Further it is found that on inclusion of 

23.42% generation from RER, half of the thermal generating units 

become redundant. Hence, in the developing countries like India 

there is an urgent need to develop a policy where the future of 

thermal generating plants can be secured. It can also be concluded 

that the hybridization of PLM method with PSO_TVAC is a ro-

bust optimization approach that provides reliable results for non-

linear, complex optimization problem like UCP. 
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Appendices 

Appendix I: Thermal Generating Units Detail [4], [5] 
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Appendix II: 24 Hour Load Demand [4], [5] 

 
 

Appendix III: Data for Hourly Solar Radiation and Wind Speed [7-8] 
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