Indian Journal of Fundamental and Applied Life Sciences ISSN: 2231— 6345 (Online)
An Open Access, Online International Journal Available at www.cibtech.org/sp.ed/jls/2015/01/jls.htm
2015 Vol.5 (S1), pp. 4545-4556/Shenava et al.

Research Article

HYBRID HONEY BEE MATING OPTIMIZATION AND FUZZY
MECHANISM FOR WIND POWER EFFECT OVER UNIT
COMMITMENT GENERATING

Seyed Jalal Seyed Shenava', "Hamed Musazadeh? and Mohammad Yazdani®
! Department of Technical Engineering, University of Mohaghegh Ardabili, Ardabil, Iran
Department of Electrical Engineering, Ardabil Branch, Islamic Azad University, Ardabil, Iran
®Young Researchers and Elite club, Ardabil Branch, Islamic Azad University, Ardabil, Iran
*Author for Correspondence

ABSTRACT

In this paper, Honey Bee Mating Optimization (HBMO) with Fuzzy Mechanism (FM) technique is
proposed to solve the Unit Commitment (UC) problem between thermal generating units with wind
impact an electricity market to minimize total cost. Actually, the wind energy is one of the renewable
energies which can be used in power systems. This issue is used in this paper to achieved a real system
considered with various generator and wind constraints in power systems. To demonstrate the
effectiveness and robustness of the proposed algorithm a system with ten thermal and wind units with
various condition is simulated. The results and numerical experiments are compared with PSO, GA and A-
iteration to understand the wind generator capacity in production cost analysis and to provide valuable
information for both operational and planning problems.

Keywords: Unit Commitment, HBMO, Fuzzy Mechanism, Wind Energy, Electricity Market.

INTRODUCTION

Nowadays because of low cost of energy generation and its environmental advantages, using wind energy
in electric power generation, has been seemed useful. On the other hand because of variability and
uncertainty of this energy, using it has made some challenges to power-system operators. In order to
adjust the unforeseeable nature of the wind power, planned productions and uses in electricity market
must be improved during the real operation of the power system (Yue et al., 2001).

Because of the stochastic nature of the wind speed, we need to consider the probable considerations in its
modeling equations. Without considering the probable issues, scheduled the system will be determined
with deterministic security, and because of extra reserve allocation this method will impose extra cost to
the system (Yue et al., 2001; Chang et al., 2003).

Unlike other conventional and controllable generation sources, wind power is unpredictable and
intermittent. The impact of large amounts of wind has complicated implications to Unit Commitment
(UC) and Energy Dispatch (ED). In other hand, decrease of production of the air pollutant gases is under
consideration as behavioral patterns in countries industries are considered. So the level of produced gases
by plants must be minimized in operation planning of them (Bakirtzis and Dokopoulos, 1998). Also, UC
and ED operations are of great importance because of their strong economic impact and increasing
emissions concerns. Commitment of the wind plants in power generation increases the importance of
considering the generating pollution of thermal units (Shayeghi and Ghasemi, 2011) Because on one hand
these wits are not producers of the air pollutant gases, but on the other hand the generating pollution curve
of the thermal units is in a way that by high decrease in their generating power level, their generated
pollution level increases. By increasing the penetration of wind power generation and providing the load
by it, power level of the thermal units decreases (Sobhani and Ghadimi, 2013; Brunetto and Tina, 2007).
Recently, several UC studies analyzing the impact of increasing adoption levels of wind power have been
performed. Where, dynamic programming (Farhadi et al., 2013) branch-and-bound (Hashemi, 2012),
Lagrangian Relaxation (LR) approach (Ghadimi et al., 2012) Genetic Algorithm (GA) (Sobhani et al.,
2012) and Evolutionary Programming (EP), could be used to solve the extended unit commitment
problem. In (Hagh et al., 2011) a security-constrained stochastic UC formulation that accounts for wind
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power volatility is presented together with an efficient Benders decomposition solution technique. But,
the issue of constructing probability distributions for the wind power is not addressed. In (Sobhani et al.,
2012) a detailed closed-loop stochastic UC formulation is reported. The authors analyze the impact of the
frequency of recommitment on the production, startup, and shutdown costs. They find that increasing the
recommitment frequency can reduce costs and increase the reliability of the system. However, the authors
do not present details on the wind power forecast model and uncertainty information used to support their
conclusions. In (Hashemi, 2012; Ghadimi et al., 2012). Artificial Neural Network (ANN) models are used
to compute forecasts and confidence intervals for the total aggregated power for a set of distributed wind
generators. Such approaches can thus result in inaccurate medium and long-term forecasts and over- or
under-estimated uncertainty levels (Farhadi et al., 2013; Hashemi, 2012) which in turn affect the expected
cost and robustness of the UC solution.

This paper presents, a HBMO and FM method incorporated with a simplified dispatch method is
developed to solve the problem of combining unit commitment of the generating units while minimizing
the cost. The proposed technique is applied over several test systems as case study which achieved good
robustness and performance than the other compared techniques.

Problem Formulation

The formulation for the stochastic unit commitment is described in detail in this section. Wind energy
conversion is the fastest-growing source of new electric generation in the world and it is expected to
remain so for some time. Its long lifespan, emission-free operation and low cost have made it more
attractive compared to the other sources (Aghdam, 2011). One of the most important functions of modern
energy management system is solving the wind-thermal scheduling problem, which determines the
optimal real power settings of generating units for a specific period of operation and in return satisfying
the system load demand with minimizing the total fuel cost subjected to the operating constraints of a
power system (Ghadimi and Ghadimi, 2011). In this paper considered wind power energy by the public
utility. The objective of optimal wind-thermal generating unit commitment problem is to simultaneously
minimize the generation cost rate and meet the load demand of a power system over some appropriate
period while achieving various constraints depending on assumptions and practical implications (Ghadimi
and Ghadimi, 2011). The constrained UC optimization problem can be expressed as follows:

T NT
F=> > R (R @

t=1i=1
The problem constraints are:
(1) Power balance: This constraint is based on the principle of equilibrium between total system
generation and total system loads (PD) and losses (PL),

NT

D Ui P (1) + R €)= PL (1) 2
i=1

b) System up/down spinning reserve requirements:

NT
D U; (t)xUS; (t) =USRg +ASR, (Ryr (1)) ©)
i=l
NT
D U; ©)xDS; (t) = ASR, Ry (1)) 4
i=1
¢) Minimum/maximum thermal plant output constraints:
NT
PL(Y) - Pt () = ASR, (Rur (0)+ ) U; (1) xP™ t) (5)
NT =
D U; () xP™ () + P (t) +USRg +ASRy Ryt (1)) (6)

i=1
2) Thermal Generator Constraints:
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a) Unit’smaximum up/down reserve contribution constraints:

USimax:d%xPiyrmax (7)
DSi=d%x Piyrmax (8)
b) Unit’s up/down spinning reserve contribution constraints:
USi(t)=min{ usm™, Piyrmax_ Piyr_(t)} 9)
DSi(t)=min{ DSimaX , P,(t)_ Piyrmm} (10)
¢) Unit’s ramping up/down capacity constraints:
URi(t)=min{ URimaX , Piyrmax_ P,(t)} (11)
DRi(t)=min{ DRimaX , Pimax_ Piyrmm} (12)
d) Unit generation limits:
P E)xU; () <P 1) <P™(@)xU; (t) (13)
min{P P, (t-1)4UR™ | U (=0 (=1
max ir o i
ATO= {min{Pi"}aX,Pi (-D)+R } (14)
if U; (t)=LU; (t-1)=0
min min{UR™ P, (t —1)—DR;™
P (M) = {Pi'j:iiif U, (t)=1U; (t —1)—3}
if U, t)=U;t-1)=1
e) Minimum up/down time constraints:
[toni(t-1)-Ton il < [Ui(t-1)Ui(1)/=0 (15)
[torri(t-1)-Torr ] X [Vi(t-1)Ui(2)] >0 (16)
3) Wind Generator Constraints:
a) Wind generation fluctuation constraints:
Pwr(t)-Pwr(t-1)<TDR(1), ifPur(t-1)<Pur(t) (17)
Pwr(t-1)-Pwr(9)<TDR(2),ifPur(t-1) <Pur(t) (18)

b) Wind power curve constraints:
0 VE)sVvyor V(t)>Vg
Pi=1g,(v() Vi <V (1) Vg (19)
Wi Vi <V () <V

c) Total available wind generation:
NW

PLi(®=) Pui(® (20)
j=1

d) Total actual wind generation limit:

0 < Pur(t) < Pur (21)
Hybrid Strategy

HBMO Review

The honey bee is a social insect that can survive only as a member of a community, or colony. This means
that they tend to live in colonies while all the individuals are the same family. In the more highly
organized societies there is a division of labor in which individuals carry out particular duties. In fact, a
colony consists of a queen and several hundred drones, 30,000 to 80,000 workers and broods in the active
season. Each bee undertakes sequences of actions which unfold according to genetic, ecological and
social condition of the colony (Mohammad et al., 2013) The queen is the most important member of the
hive because she is the one that keeps the hive going by producing new queen and worker bees and any
colony maybe contain one or much queen in it life’s. Drones' role is to mate with the queen. In the
marriage process, the queen(s) mate during their mating flights far from the nest. In each mating, sperm
reaches the spermatheca and accumulates there to form the genetic pool of the colony. The queen’s size of
spermatheca number equals to the maximum number of mating of the queen in a single mating flight is
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determined. When the mate be successful, the genotype of the drone is stored. In start the flight, the queen

is initialized with some energy content and returns to her nest when her energy is within some threshold

from zero or when her spermatheca is full. A drone's mate probabilistically is (Mohammad et al., 2013):
Prob(QiD) = e-(Aﬂ/(S(t)) (22)

Where,

Prob (Q, D) = The probability of adding the sperm of drone D to the spermatheca of queen Q

A(f) = The absolute difference between the fitness of D and the fitness of Q (i.e., f (Q))

S(t) = The speed of the queen at time t

After each transition in space, the queen’s speed, and energy, decay using the following equations:

S(t+1) =a x S(t)(2), a € [0,1] (23)

E(t+1) = E(t) -y

y = The amount of energy reduction after each transition. The flowchart of Classic HBMO is presented in

“Figure 17, (Mohammad et al., 2013):
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Figure 1: The Classic HBMO technique

Fuzzy Mechanism

Upon having the Pareto-optimal set of non-dominated solution, the proposed approach presents one
solution to the decision maker as the best compromise solutions. Due to imprecise nature of the decision
maker’s judgment, the i objective function is represented by a membership function pi defined as (Kim
et al., 2001)

fimax _fi (p i )
y2 (pgi )= ﬁ (24)
Where, ™ and ™" are the maximum and minimum values of i objective, respectively.
0 4 (py) <0
FDMi(pgi): /ui(pgi) 0</ui(pgi)<1 (25)
1 1#,(pg) =1
For each non-dominated solution k, the normalized membership function FDMK is:
> FDM [ (py)
FDM * =| = (26)
> > FDM
j=1 =1

The best compromise solution of UC problem is the one having the maximum value of FDM* as fuzzy
decision making function where M is the total number of non-dominated solutions. Then, all the solutions
are arranged in descending order according to their membership function values which will guide the
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decision makers with a priority list of non-dominated solutions in view of the current operating
conditions. Figure 2 shows the membership structure . for the fuzzy logical variable signifying total fuel
cost fi(Pg).

N7

@)

0

f;:nir. fi.:na:
Figure 2: Membership function of fuzzy fuel cost

Simulation Results

In order to illustrate the efficiency of the proposed algorithm for the solution of the UC problems, three
power systems are considered.

Case I: 10- Thermal Unit Svstem with out wind power

This case study concludes 10 generating units with out wind power effect. The require system unit data
and the generation requirements for each stage given in (Aghdam, 2011) The optimal results using the
proposed methods in comparison than the other heuristic methods are shown in Table 1 that satisfies the
generator constraints. It can be seen that the proposed technique achieved minimum cost in this power
system than the other algorithms. Also, Figure 3 shows the minimum fitness functions evaluating process.

Table 1: The computing time and the total cost for test |

Method Time (sec) Min Cost ($)
A - iteration 10.93 78907
FDP NA 78895.5
GA 13.92 78896.14
PSO 8.827 78804.65
HBMO 8.212 78760.23
705 x 104
7.94
7.93
R | :
[
7701}
=700}
T80 F
71.87

0 10 20 30 70 80 a0 100

Iter}a['ginn
Figure 3: Fitness convergence, Dashed (HBMO)
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Table 2: The determined commitment schedule

@ Hour (1-24)
S HBMO

1 000000000000000000000000
2 000000000000000000000000
3 000000000000000000000000
4 111110000000000000001111
5 111111111111111111111111
6 111111000000000000001111
7 111111111111111111111111
8 111111111111111111111111
9 111111111111111111111111
10 111111111111111111111111
PSO

1 000000000000000000000000
2 000000000000000000000000
3 000000000000000000000000
4 111100000000000000011111
5 111111111111111111111111
6 111111111000000000000000
7 111111111111111111111111
8 111111111111111111111111
9 111111111111111111111111
10 111111111111111111111111
GA

1 000000000000000000000000
2 000000000000000000000000
3 000000000000000000000000
4 000000000000000000011111
5 111111111111111111111111
6 111111000000000000000000
7 111111111111111111111111
8 111111111111111111111111
9 111111111111111111111111
10 111111111111111111111111

Case I1I: Test for a Ten-Unit Thermal System With an Equivalent Wind Generator

In this test, the performance of the proposed HBMO based UC under practical conditions is verified by
applying an equivalent wind generator. For achiveded better discussion and analyze of the numerical
results considered system with small capacitor. The accessible wind power generation considered 400
MW for all hours. Actually, the adjustments of the power output are instantaneous that it is considered in
the studied cases. Accordingly, generators are constrained because of ramp rate limits where, generation
may increase or decrease with corresponding upper and downward ramp rate limits.
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Table 3: The computing time and the total cost for test |

Method Time (sec) Min Cost ($)
FDP[12] 84.81 58233
HDP[12] 30.87 58233
HDP*[12] 10.71 58233
GA 47.82 58232.87
PSO 9.716 58232.19
HBMO 9.114 58230.03
Table 4: Different methods results for 10 trials
Run GA

Min Max Mean Time Iter
1 58232.87 58235.43 58233.86 47.82 97
2 58233.54 58237.67 58233.64 47.85 95
3 58232.99 58235.49 58234.82 47.84 98
4 58233.23 58236.74 58233.89 47.83 89
5 58232.83 58235.92 58234.77 47.85 76
6 58233.07 58238.45 58233.87 47.82 96
7 58232.56 58235.44 58233.10 47.83 90
8 58232.76 58238.23 58235.34 47.82 93
9 58233.25 58236.78 58234.55 47.84 87
10 58232.80 58235.48 58233.76 47.84 88
SD 0.2735 1.1369 0.6445 0.0111 6.2
Run PSO

Min Max Mean Time Iter
1 58232.19 58235.32 58233.45 9.716 57
2 58232.34 58235.39 58233.56 9.717 64
3 58232.24 58235.38 58233.78 9.716 54
4 58232.31 58234.67 58233.89 9.718 60
5 58232.27 58235.39 58233.90 9.715 53
6 58232.33 58234.38 58233.12 9.716 49
7 58232.30 58235.56 58233.03 9.716 65
8 58232.42 58235.78 58233.65 9.717 63
9 58232.26 58235.29 58233.33 9.716 58
10 58232.37 58235.56 58233.75 9.717 84
SD 0.0633 0.4030 0.2923 0.0008 9.1
Run HBMO

Min Max Mean Time Iter
1 58231.96 58234.39 58232.36 9.146 38
2 58231.94 58234.66 58232.32 9.145 40
3 58231.93 58234.50 58232.30 9.147 38
4 58231.95 58235.09 58232.29 9.146 41
5 58231.95 58234.46 58232.33 9.144 38
6 58231.96 58234.39 58232.36 9.146 38
7 58231.94 58234.66 58232.32 9.145 40
8 58231.93 58234.50 58232.30 9.147 38
9 58231.95 58235.09 58232.29 9.146 41
10 58231.83 58234.85 58232.34 9.145 39
SD 0.0125 0.2274 0.0360 0.0009 3.4
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The generator ramp rate and startup ramp rate constraints are set at 60% of its rated capacity. Also, the
system up spinning reserve requirement is assumed to be 300 MW for all time periods. the thermal power
units is more than 20% of its rated capacity (d% = 20%). The best cost solution for different methods with
constraint satisfaction is shown in Tables 3. To illustrate the accuracies of these methods, a maximum
number of iteration cycles are considered as a stopping condition. Each algorithm is run for ten trials and
the best fitness value, Standard Deviation (SD), the least iteration and elapsed time achieved by each
algorithm are considered as criteria of the strength and computational effort of the method. The results
using the PSO, HBMO and GA algorithms based on the objective function as given in Eq. (1) for optimal
setting of the UC problem are listed in Table 6. It can be seen that the best SD and the best fitness value in
6 times are achieved by the HBMO than the other methods. Also, it has fewer iterations and less
computational time to reach a predefined threshold in comparison to other algorithms. The best fitness
achieved by the HBMO is 58230.03 which is the lowest among the three algorithms.

Furthermore, to evaluate the efficacy and robustness of the proposed optimization technique numerous
operating conditions and the system configurations, simultaneously is are considered. The multiple
operation conditions are given in Table 5. The scenario | and 111 give a comparison of results considering
the wind generation curtailment or not.

Table 5: Comparison of results for five different cases in case 2

Scenario I 1 1l v \%
P*wr(t) MW 0 400 400 400 400
USRg MW 300 300 300 300 300
ASR; - LM LM LM SM
ASR; - - LM LM
WGC without with with with
HDP* 78911 58134 57955 58233 58790
GA 78913 58133 57955 58233 58791
PSO 78910 58133 57954 58233 58790
HBMO 78909 58131 57952 58230 58788

WGC: Wind Generation Curtailment.
LM (Linear Model): y%=0.2.
SM (Secound-order Model): a%=0.2, f%=10",

It can be seen according to Table 8 that the wind generator is out in power system at low system load
times (hours 11-17). Also, it shows the impact of introducing power system down spinning reserve
requirement into the generation scheduling problem.

Table 6: Comparison of results considering the wind generation curtailment or not

Scenario Hour 1—10 11—14 15—16 17 18—24
I Pwr(t) 400 400 400 400 400
1l MW 400 395 385 395 400

The determined schedule using GA, PSO, HBMO technique with contain the system down spinning
reserve requirement or not are given in Table 7.
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Table 7: The determined commitment schedule

Hour (1—24)
HBMO

Unit
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I—‘|_\|—‘|_\I—‘|_\|—‘|_\|—‘|_\OHOOOOOOOO
I—‘l_\l—‘l_\l—‘l_\l—‘l_\l—‘l_\oHoOOoOoOo
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6 00000O0O
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8 00000O0O

9 11111111111111111

10 1111111
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00000O0O
11111111111111111
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1111111

CONCLUSION

In this paper HBMO with fuzzy mechanism is applied to solve the optimal Unit Commitement (UC)
poroblem considering the wind power effect. According to this fact that increasing the global energy
demand is a reality, the conventional sources of energy are running out rapidly and they cannot cover this
tremendous demand. Hence, the renewable energies such as hydro, wind, solar, biomass, and biofuels
have important role in new power system. The problem of find best answer is formulated as an
optimization problem according to the time domain-based objective function for a wide range of
operating conditions which is solved by the HBMO technique which is simple, robust and capable to
solve difficult combinatorial optimization problems. This method is stronger than other methods which
considered with single objective in particular the lack of reliability in what concerns succeeded, and valid
convergence, and the failures in attempts to reduce the time. The results obtained for three test systems
were always comparable or better that the earlier best reported results. From these comparative studies, it
is evident that the proposed technique can be effectively used for the solution of UC problems in the real
world power systems.

Nomenclatures

Fr: Total operation cost over the scheduling horizon.

i: Index for thermal units.

j: Index for wind units.

N+: Number of thermal units in the system.

Nw: Number of wind units in the system.

Pi(t): Generation of thermal unit i at hour t.

P; /" Upper generation limit of thermal unit i.

Pig ™ Maximum generation of thermal unit i at hour t.

Pi"": Lower generation limit of thermal unit i.

Pig™: Minimum generation of thermal unit i at hour t.

P_ (t): System load demand at hour t.

ASR;: Additional up reserve requirement considering wind power generation.

ASR,: Additional down reserve requirement considering wind power generation.

Cn: Number of states saved at each hour in the HDP algorithm.

d%: Percentage of maximum unit capacity.

DR™: Maximum ramp-down rate for thermal unit i.

DS™: Maximum down reserve contribution of thermal unit i.

DSi(t): Down reserve contribution of thermal unit i at hour t.

Pw;": Upper generation limit of wind unit j.
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Pw;(t): Actual generation of wind unit j at hour t.

P"w;(t): Available generation of wind unit j at hour t.

Pwr(t): Total actual wind generation at hour t.

P wr(t): Total available wind generation at hour t.

r%: Coefficient of additional up (or down) reserve requirement (linear model).
SR;: Startup ramp rate limit of thermal unit i.

T: Number of time intervals (hours).

TDR(t): System ramping down capacity at hour t.

ti(%OFF: Time period that thermal unit i had been continuously down till period t.
T,°"F: Minimum down time of thermal unit i.

T:°": Minimum up time of thermal unit i.

tN,i(t): Time period that thermal unit i had been continuously up till period t.
TURC(t): System ramping up capacity at hour t.

Ui(t): Scheduled state of thermal unit i for hour t (1: unit i is up, O: unit i is down).
UR": Maximum ramp-up rate for thermal unit i.

USi(t): Up reserve contribution of thermal unit i at hour t.

US™: Maximum up reserve contribution of thermal

unit i.

USRB: System up spinning reserve requirement not considering wind power generation.
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