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a b s t r a c t

This paper has proposed a novel Hybrid modified Genetic e Imperialist Competitive Algorithm (HGICA)
for solving thermal Unit Commitment Problem (UCP). The UCP is a mixed integer problem with many
equality and inequality constraints like the minimum down and minimum up time, spinning reserve, and
ramp rate so need to a complex optimization process. In this paper the constraint handling of the
problem is realized without any penalizing of solutions so a wide range of feasible solutions will be
available for final optimum response. The proposed modified genetic is a novel method which has better
performance than its original version and helps ICA to find more optimized responses and escape for
local minimum areas easily. The main advantages of HGICA are good quality of the solution and high
computational speed, which make it a suitable method for solving optimization problems. This method is
carried out for three case studies including 10 and 20 units systems to efficiency of it be proved. Also the
obtained results is compared to other optimization methods represented in literature for different
scenarios.

© 2016 Published by Elsevier Ltd.

1. Introduction

The Unit Commitment Problem (UCP) is scheduling of on/off
combination of some electrical power generating units during a
time interval (e.g. 24 h or more). The object of thermal UCP is
minimization of consumption fuel cost while some equality and
inequality constraints such as Minimum Down time (MD), Mini-
mumUp time (MU), Load Demand (LD), Spinning Reserve (SR)must
be satisfied. Therefore UCP is a very important problem which can
save big deals of expenses related to fuel while reduces environ-
mental pollution and help to storing of the valuable fossil sources
for future.

The UCP as a mixed integer nonlinear problem with a wide
search space of possible solutions causes more difficult decision
making about the best solution while searching through this space
requires.

a big computational time to achieve good results. The various
kind of methods have been developed to find more optimum re-
sults recently [1].

The older methods such as Priority List (PL) [2], mixed integer

linear programming [3], Lagrange relaxation [4], dynamic pro-
gramming [5] are good solution methods but they suffer from
problems with high dimension and various constraints. The
adjusted and combinational kind of these methods can cover their
disadvantageous features and result in acceptable responses.

Lately heuristic methods such as artificial neural network [6],
simulated annealing [7], Evolutionary Programming (EP) [8], Ge-
netic Algorithms (GA) [9e11], hybrid of Genetic Algorithm and
Differential Evolution (hGADE) [12], Particle Swarm Optimization
(PSO) [13], Lagrange relaxation-PSO (LRPSO) [14,15], invasive weed
optimization [16], Quantum-Inspired Evolutionary Algorithm
(QIEA) [17], Semi Definite Programming relaxation based technique
combined with Selective Pruning (SDPSP) [18], Quasi-Oppositional
Teaching Learning Based Optimization (QOTLBO) [19], Imperialist
Competitive Algorithm (ICA) [20], Gaussian Harmony Search and
Jumping Gene Transposition algorithm (GHS-JGT) [21], and Binary/
Real coded Artificial Bee Colony (BRABC) [22], which are usually
randomly search approaches have been developed to find more
optimum results and get better computational time than previous
approaches.

The UCP presented here is a kind of generating scheduling of the
thermal units implementation that their output power are con-
stant, but the renewable energy resources due to their nature
produce alternative electrical power so their scheduling is different.* Corresponding author.
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Power Pinch Analysis (PoPA) is a suitable method for scheduling of
the additional generated electricity power saving produced by
renewable energy resources, and Electric System Cascade Analysis
(ESCA) is another one for both of the saving and generation
scheduling of the non-intermittent generation. The [23] has pre-
sented a developed ESCA for intermittent solar PV which is an
appropriate way for this kind of generation.

In this paper a PL based method has been utilized to find on/off
combination of units during scheduling time interval. Then novel
Hybrid modified Genetic e Imperialist Competitive Algorithm
(HGICA) solve ELD sub-problem. At the end an adjustment strategy
search other convincible combination of units with lower con-
sumption fuel cost.

The novelties of the proposed method are as follows:

- The HGICA process utilizes the advantageous of GA in discov-
ering of global optimum area and compensate disadvantageous
part of it in achieving final optimum point by a quick optimi-
zation method (ICA) to find optimum global point. The novelty
details of this method is shown in Fig. 6 perspicuously.

- In HGICA a modified GA has been developed which has a new
operational process.

- The GA's second novelty is a kind of crossover operator named
Mime Crossover (MC). In this kind of crossover, offspring chro-
mosomes are look like to their parent and generation elite. The
proposed MC is demonstrated in Section 4.

- A novel kind of GA's selection operator is introduced that
chromosomes population is divided in two section according to
their fitness value then chromosomes of this groups are placed
in mating pool. Section 4 reveals more details.

The presented paper has been structured as follows. The Section
2 contains formulations of the problem and different constraints
related to the UCP. In Section 3 the proposed PL method and novel
HGICA are exposed. Section 4 illustrates how the proposed method
is carried out for solving UCP. Section 5 depicts the optimization
results obtained from three different scenarios including 10, 20
generating units, and 10 units with ramp rate constraints systems
then results is compared to other methods represented in litera-
ture. The final Section 6 includes conclusion.

2. Problem formulation

The problem objective is minimization of consumption fuel cost
during scheduled time interval. Also some constraints have limited
this problem.

2.1. The objective function

The objective function can be stated by a quadratic approxi-
mation as follows:
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In this equations, N is number of electrical power generating
units. i is the index of a specific generating unit. T is number of
scheduled times (hours). t is the index of specific time. Ut

i is on/off
status of ith generating unit during hour t.Pti is power output of ith
generating unit during hour t (MW). The ai,bi, and ci are fuel cost
coefficients for ith generating unit. TFC is total fuel cost ($) of on line

generating units during scheduled time interval (T hours). FCi is
Fuel cost of ith unit ($). SCi is startup cost of ith generating unit ($).

2.2. Constraints

The practical equality and inequality constraints related to
problem have affected its optimization process. The some of this
limitations such as load power balance, spinning reserve, minimum
up time, minimum down time, ramp rate, and limited output po-
wer of units have formulated as follows.

2.2.1. Load demand
The load demand usually is changed each hour and on line

generating units must feed them.
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In this equation, LDt is load demand during hour t (MW).

2.2.2. Generated power limits
The generated power by a unit is confined by minimum and

maximum boundaries.

Pi;minU
t
i � Pti � Pi;maxU

t
i (4)

2.2.3. Spinning reserve
The maximum output power of the online generating units

must be able to feed load demand and required spinning reserve
during hour t.

XN
i¼1

Ut
i Pi;max � LDt þ SRt t ¼ 1; 2;…; T (5)

In this equation, Pi,max is the maximum output power thatith unit
can generate, andSRt is spinning reserve during hour t (MW).

2.2.4. Minimum up and down time
To an online unit be capable to turn down, it must pass its

Minimum Up time (MU) hour(s). Also for an offline unit be capable
to turn on, it must pass its Minimum Down time (MD) hour(s).

HRt;oni � MUi (6)

HRt;offi � MDi (7)

In this equations, HRt;offi is number of hours that unit i is continu-
ously offline until tth hour, HRt;oni is number of hours that unit i is
continuously on line until tth hour.

2.2.5. Ramp-rate constraint
This constraint states this fact that generating output power of

unit i cannot be elevated more than its ramp up limitation from the
previous hour until the present hour. Also it cannot be reduced less
than its ramp down limitation from the previous hour until the
present hour.(
Pti � Pt�1

i � RUi

Pt�1
i � Pti � RDi

(8)
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