
  
Abstract— Optimal operation of power plants is an important 

issue in electrical power engineering. On the other hand, emissions of 
greenhouse gases and environmental concerns have been noticed 
recently more than in the past. In this paper, the cost of operation and 
also power plants emissions are considered as a multiobjective 
optimization problem solved using HBMO which is a powerful 
optimization algorithm. In numerical studies, a power system 
containing 10 generation units is optimized for a 24-hour period. The 
results show that the operation and emission costs are decreased 
dominantly using the HBMO algorithm. 
 

Keywords—Unit commitment, Operation cost, Emission, HBMO 
algorithm. 

I. INTRODUCTION 
NIT commitment (UC) is a common issue which decides 
to make the power plants on or off, and also determines 

the generating power of every power plant to optimize an 
objective function in a short-term period e.g. 24 hours. The 
cost objective should be minimized subject to technical 
constraints i.e. increasing/decreasing rate of generating power, 
minimum allowed on/off duration of units and reserve power 
restrictions [1]. The main objective in UC problem is 
minimizing of operation costs. On the other hand, one of the 
main contributions to the environmental pollutions is through 
the use of fossil-fuelled power plants. A major step in this 
direction is the Kyoto Protocol, which is with the objective of 
“stabilization and reconstruction of greenhouse gas 
concentrations in the atmosphere at a level that would prevent 
dangerous anthropogenic interference with the climate 
system”. However, the recent advent of emission allowance 
trading has renewed interest in the environmentally 
constrained UC problem [2]. To solve the UC problem, 
several classic methods such as priority strategy [3], dynamic 
programming [4] and Lagrange method [5] are used. However, 
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the classic methods are not efficient because of low accuracy, 
excessive computation time and complexity in practice. 
Therefore, smart methods based on metaheuristic algorithms 
instead of classic methods are used to improve the solution. 
The metaheuristcs which are based on iterations can find the 
local and global optimal solutions in limited computation time. 
Although some metaheuristics such as genetic algorithm [6], 
tabu search [7] and simulated annealing [8] have been 
successfully applied to the unit commitment problem, these 
methods have some flaws according the recent researches. For 
instance, they are not efficient enough for more complex 
objective functions that include correlated decision variables 
and a large number of parameters. Moreover, the precocious 
convergence is probable in these methods, which leads them to 
local optimums [9]. 

Honey Bee Mating Optimization (HBMO) algorithm which 
is more robust than the other methods, has been developed 
recently. Several papers have shown the advantages of HBMO 
in comparison with the other methods such as genetic 
algorithm to find the global optimal solution [10]. The BHMO 
algorithm is based on the honey bee mating process. This 
algorithm usually converges fast and it obtains more accurate 
solutions. 

In recent years, emissions of greenhouse gases and 
environmental concerns have been noticed more seriously. 
Whereas conventional power plants have a great amount of 
pollution, they should be operated subject to the environmental 
concerns. However, the green house emission is not 
considered in traditional unit commitment problem at all, 
however, it has been considered in economic power flow 
problem [11]. 

In this paper, the unit commitment problem is solved to 
minimize two objectives i.e. operation cost and emission cost, 
using HBMO algorithm. In numerical studies, a power system 
containing 10 generation units is optimized for a 24-hour 
period. The results show that the operation and emission costs 
are decreased dominantly using the HBMO algorithm. 

II.  UC PROBLEM STATEMENT 
Large power plants usually are preferred for operating 

because of their lower operating costs comparing with small 
plants. However, large power plants have lower power 
increasing/decreasing rate. In the other word, smaller power 
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plants are faster than the larger power plants. Moreover, the 
operation and emission cost of every unit is different from the 
others, depending on generating power, fuel type, size of the 
unit, installed technology and so on. The main challenge of the 
UC is the expensive small units scheduling to minimize 
operation and emission cost and to improve reliability of the 
system. As a result, the profit, emission, spinning reserve and 
reliability of the power system are dependent on the optimal 
scheduling. UC is a large and complex optimization problem 
where the main cost is due to the fuel and starting costs. 

A. Fuel cost  
The fuel cost of a thermal power plant is a function of 

generating power as follows. 
2( ( )) * ( ) * ( )i i i i i i iFC P t a b P t c P t= + +                           (1) 

B. Pollutant emission cost 
The cost of pollutant emission can be stated similar to fuel 

cost as follows [10]: 
2( ( )) * ( ) * ( )i i i i i i iC P t P t P tε α β γ= + +                               (2) 

where iα , iβ  and iγ  are the constant coefficients related 
to the emission of i-th unit. 

C. Start up cost 
The start up cost of a unit is dependent on shut down 

duration time before starting up as follows. 

0 1 (1 )it
i i iS S S e

τ
−

= + −                                                        (3) 
The cost of shutting down a unit is usually given as a constant 
value for every unit. 

D. Constraints 
The objective function should be minimized under technical 

constraints as follows. 
 
Power balancing constraint: 

    
1

. 1, 2,..., 24
N

it it Dt Losses
i

U P P P t
=

= + =∑
                               (4) 

where Pit  is the generating power of the i-th unit and PDt is 
the total demand at time t.  
Spinning reserve constraint: 
To enhance the reliability of the system, enough spinning 
reserve is needed as follows. 

max

1
( ). ( ) ( ) ( )

N

i i D
i

I t P t P t R t
=

≥ +∑
                (5) 

 
Minimum and maximum generating power constraint: 
The generating power of each unit is limited as follows. 

min max( ) ( ) ( )i i iP t P t P t≤ ≤                               (6) 
 

Minimum allowed on/off time constraint: 
When a generation unit starts up or shuts down, its state 
cannot be changed immediately, however it can be changed 

after a specific time as follows. 

i iTO TO≥                                  (7) 

i iTS TS≥  
 
Increasing/decreasing power rate constraint: 
Change generating power of every unit in each hour is 

limited as follows: 
 

min max( ) ( ) ( )i i iP t P t P t≤ ≤                                  (8) 
Where 

min min( ) max( ( 1) , )i i i iP t P t RDR P= − −                 (9) 
max max( ) min( ( 1) , )i i i iP t P t RUR P= − −               (10) 

 

E. Objective function 
The cost objective function consists of operation and 

emission costs as follows. 
 TC=W *( ) *c eMin Fuel Start up W emission+ − +      (11) 

Where, Wc and We are weighting coefficients for operation 
cost and emission cost, respectively. These coefficients 
increase the flexibility of the system. Changing the weights 
obtains different optimal solutions. In this paper, both of them 
are set to 0.5.  

III. PROPOSED APPROACH BASED HBMO ALGORITHM 
The honey bee is one of the social insects that can just 

survive as a member of colony. The activity of honey bee 
suggests many characteristics like together working and 
communication. A honey bee colony normally includes of a 
single egg-laying queen with its life-span is more than other 
bees; and depend upon those seasons usually has more than 
60,000 workers or more. A colony may contain a queen during 
its life-cycle. That is named mono-gynous one. Only the queen 
is fed by royal jelly. Nurse bees takes care of this gland and 
feed it to queen. The royal jelly makes the queen bee to be the 
biggest bee in the hive. Several hundred drones live with 
queen and its workers. Queen bee life-span is about 5 or 6 
years, whereas rest of the bees, especially worker bees, life 
times do not reach to 1 year. The drones die after mating 
process. 

The drones play the father role in the colony that are haploid 
and amplify or multiply their mother’s genome without 
changing their genetic combinations, except mutation. So, 
drones are agents that anticipate one of the mother’s gametes 
and by the sake of that female can do genetically like males. 
Broods, cared by workers, improve from fertilized or 
unfertilized eggs. They represent potential queens and 
prospective drones, respectively. In marriage process, the 
queens in mating period, their mates fly from the nest to the far 
places [10].  

Insemination ends with the gradual death of drones, and by 
the sake of those queens receive the mating sign. Any drone 
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can take part in mating process just one time, but the queens 
mate several times. These features make bee mating process 
very interesting among other insects. 

A. Operation principle of HBMO 
The queen plays the most important role in mating process 

in nature and also HBMO algorithm. The spermatheca is a 
place for sperm of drones and queen’s, all drones, however are 
originally haploid; after successful, the drone’s sperm is stored 
in the queen’s spermatheca. A brood is reproduced by coming 
of some genes of drone’s into the brood genotype. A brood has 
no thing only one genotype. Therefore, an HBMO algorithm 
would be constructed by the following five important stages 

[12]: 
1. The algorithm starts with mating flight, where a queen 

selects drones probabilistically from the spermatheca. A drone 
is selected from list randomly for the generating broods. 

2. generating new broods by combining of drone’s 
genotypes and the queens. 

3. Using of workers to lead local searching on broods. 
4. Adaptation of worker’s ability, based on the improvement 

of broods. 
5. Substitution of queen’s workers by stronger and aptitude 

broods. 

 

 
Fig. 1 Flowchart of the HBMO algorithm 

 

start 

Define the model input parameters : 
a) algorithm parameters, b)model parameters 

Random generation of a set of initial solutions 

Rank the solutions based on the penalized objective function, keeping  the best one the 
predefined number of trial solutions 

Use simulated annealing to select the set of solutions from the search space to make a 
mating pool for possible information exchange between the best preset solution and the 

selected trial solutions 

Generate new set of solutions by employing different predefined crossover operators and 
heuristic functions between the best present solutions and the trial solutions according to 

their fitness values 

Improve the newly generated set of solutions employing different heuristic functions and 
mutation operators according to their fitness values 

Updating the fitness value of the heuristic functions for next iteration, giving more chance 
to the more effective heuristic function in solution improvement 

Is the new best 
solution better than 
the previous one? 

 

Subsitute the best 
solution 

Keep the previous 
best solution 

Termination 
criteria satisfied 

All previous trial solutions are discarded and new trial solutions are 
generated using : a)remaining generated solution , b) random generation 
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No 

No 
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When all queens completed their mating flights, start 
breeding. All of broods after generation, are sorted according 
to fitness, i.e. their weakness or health. The best brood is 
replaced by the worst queens until all queens will the best and 
there is no need to broods. After completing of mating, 
remaining broods finally are killed so that new mating process 
begin. 

B. Original HBMO algorithm 
A drone mates with a queen probabilistically using an 

annealing function like this: 
 

Pr ( , ) exp( / ( ))ob D Q f S t= −∆                  (12) 
 

Where Prob(D,Q) is probability of adding drone’s sperm D 
to queen’s spermatheca Q, Δ(f) is the perfect difference of 
fitness D of queen, and S(t) is the speed of the queen at time t. 
The mating is high whether queen’s speed level is high, 
drone’s fitness is equal with queen’s. After every transition, 
the speed of queen will decrease according to the following 
equations: 

 

 
( 1) ( )s t s tα+ = ×                                           (13) 

( 1) ( ) -E t E t γ+ =                                       (14)     

Where, α is a factor ε (0,1) and γ is the amount of energy, 
E(t) reduction after each transition 

The algorithm starts with three user-defined parameters and 
one predefined parameter. The predefined parameter is the 
number of workers (W), representing the number of heuristics 
encoded in the program. The three user-defined parameters are 
the number of queens, the queen’s spermatheca size 
representing the maximum number of mating per queen in a 
single mating flight, and the number of broods that will be 
born by all queens. The energy and speed of each queen at the 
start of each mating flight is initialized at random. A number 
of mating flights are realized. At the commence of a mating 
flight, drones  are generated randomly and the queen selects a 
drone using the probabilistic rule in Eq. (12). If mating is done 
successfully, storage of drone’s sperm in queen’s spermatheca 
occur. Combination of drone’s and queen’s genotaypes, 
generate a new brood , which can be improved later by 
employing workers to conduct local search. One of the main 
difference between HBMO algorithm and classic evolutionary 
algorithms is storing of many different drone’s sperm in 
spermatheca by queen which the uses some of them to create a 
new solution for fittest of broods, and gives the possibility to 
have more fittest broods. The role of workers is brood caring 
and for the sake of that they are not separated of population 
and are used to grow the broods generated by the queen. Every 
worker has different capability for producing in solutions. The 
computational flow chart of HBMO algorithm is shown in 
Figure 1. 

IV. SIMULATION RESULTS AND DISCUSSION 
In this paper we use a system that has 10 units and simulated 
for the next 24 hours. The case study data obtained from [10]. 
The simulation results are shown in table 1 and figures 2 and 
3. Results analysis show that the large cheaper units committed 
in system at the entire period of operation and the more 
expensive units committed at low operation periods according 
the minimizing of the operation costs and pollution.          

 
Fig. 2 output of the units  

 
Fig. 3 objective function of UC problem 

 
The UC problem was simulated based on HBMO algorithm 

in 2000 iterations in MATLAB. According to figure 3 it is 
clear that the proposed approach has reduced the objective 
function considerably. The result shows that the HBMO 
algorithm is able to solve the multiobjective problem 
appropriately. 
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V. CONCLUSION 
In this paper minimizing of operation costs and pollution 

emission in the UC problem are considered as multiobjective 
optimization solved using HBMO algorithm. The proposed 
approach is applied to a case study including 10 units and it is 

simulated for the next 24 hours. The simulation results show 
that the proposed methodology can reduce the operation costs 
and pollution emission considerably.  
  
 

 
TABLE I 

OUTPUT OF HBMO ALGORITHM 
Time 

(h) 

Uint 1 Uint 2 Uint 3 Uint 4 Uint 5 Uint 6 Uint 7 Uint 8 Uint 9 Uint 

10 

Demand 

(MW) 

Reserve 

(MW) 

1 300.90 280.32 93.99 94.79 0 0 0 0 0 0 700 70 

2 325.39 302.15 98.16 99.30 0 0 0 0 0 0 750 75 

3 324.78 310.98 98.27 99.05 110.9 0 0 0 0 0 850 85 

4 264.02 263.37 85.73 86.34 97.23 78.47 29.96 29.96 54.92 55 950 95 

5 272.44 253 87.49 88.54 99.11 79.86 54.67 54.88 54.78 54.94 1000 100 

6 313.55 290.78 95.82 96.73 108.5 79.97 59.65 55 54.95 55 1100 110 

7 333.06 311.32 99.74 100.7 113.1 79.93 62.22 54.92 54.99 54.94 1150 115 

8 254.26 329.85 104.5 105 117.3 79.8 64.34 55 54.99 54.95 1200 120 

9 394.68 368.44 113.1 113.1 126.5 79.95 69.32 54.95 54.97 54.96 1300 130 

10 434.14 406.72 121.3 112.7 135.8 79.98 74.48 54.99 54.99 54.90 1400 140 

11 453 430.64 124.5 126 139.9 79.65 76.66 54.85 54.99 54.85 1450 145 

12 454.87 447.05 126.7 126.7 145.8 80 77.50 82.42 54.99 54.89 1500 150 

13 434.48 407.43 121.4 122.2 135.9 79.98 73.98 54.67 54.99 54.88 1400 140 

14 393.95 396.79 112.7 113.1 126.3 79.96 69.40 55 54.87 54.90 1300 130 

15 328.99 373.73 99.21 99.92 111.5 79.95 61.74 55.95 54.98 54.98 1200 120 

16 259.48 334.02 84.29 85.22 95.88 78.02 53.24 55 54.86 54.98 1050 105 

17 251.68 294.71 83.10 82.87 94.18 76.76 52.66 54.73 54.82 54.48 1000 100 

18 284.31 342.66 89.94 90.70 101.6 79.80 56.20 55 54.82 55 1100 110 

19 328.41 392.39 96.46 87.26 109.7 80 61.50 54.76 54.61 54.89 1200 120 

20 408.40 442.13 125 119 129.6 79.85 71.12 54.98 54.88 54.99 1400 140 

21 359.35 422.52 112.7 106.3 118.4 79.98 65.57 54.98 54.99 54.99 1300 130 

22 290.73 341.80 91.78 81.73 103.1 79.82 56.95 54.88 54.20 54.97 1100 110 

23 220.91 304.32 70.90 55.21 77.95 65.60 45.48 52.33 74.82 54.47 900 90 

24 300.59 279.53 98.11 94.40 107.4 0 0 0 0 0 800 80 
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