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Abstract— In order to reduce greenhouse gases caused by
fossil thermal generating units in power system, this paper
proposes a strategy by an emission dispatching
optimization based on genetic algorithm GA and successive
linear programming. The main idea of this proposed hybrid
method consists to combine an evolutionary and a
conventional method in order to reap profit from their both
advantages. A widely known model of power system
network IEEE thirty-bus test system is used to demonstrate
the proposed technique. In solving the resulting
optimization problems, MATLAB’s Genetic Algorithm
Toolbox and MATPOWER3.2 were employed. This paper
demonstrates performance improvements for this approach
by comparisons with several optimization methods.

Keywords— Greenhouse gases, Power system, emission
dispatching Optimization, Genetic Algorithm, Successive
Linear programming.

I. INTRODUCTION

Fossil fuels provide a reliable and affordable
source of energy. The technology for exploitation of
fossil fuels is well developed and available in virtually
every country of the world. However, one of the main
contributions to the emission of greenhouse gases into
the atmosphere, which is thought to be responsible for
climate change on our environment, is through the use
of fossil-fuelled power plants [1], [2].

In recent years, the emission dispatching has
received much attention from thermal power plants
which have forced the utilities to modify their
operational strategies. Several strategies to reduce the
atmospheric emissions have been proposed and
discussed in literature [3], [4] and [5].

Different techniques have been reported in the
literature concerning to the emission/economic
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dispatch problem[6] based on evolutionary algorithms
such as Neural Networks ,Genetic algorithm (GA) and
others witch it’s use for problem solving is not new.
The pioneering work of J. H. Holland in the 1970’s
proved to be a significant contribution for scientific
and engineering applications [7]. Since then, the
output of research work in this field has grown
exponentially although the contributions have been,
and are largely initiated, from academic institutions
world-wide.

The conventional methods of optimization are also
widely used in optimization of power flow (OPF)
calculations such as interior point, simplex , Lagrange
and successive linear programming SLP[8]; this last
method is subject of this study used in MATPOWER
which is a package of MATLAB files for solving
power flow and optimal power flow problems. It is a
simulation tool for researchers and educators which is
easy to use and modify [9]

In this paper, a hybrid approach based on
evolutionary algorithms (GA) and conventional
method (SLP) is proposed to solve emission
limitations problem. The proposed hybrid approach
GASLP is applied on a case study based on the
standard IEEE 30-bus system; it is conducted via
simulation based on MATLAB7.9.0 with the Genetic
Toolbox and MATPOWER3.2.

After a brief overview of optimization power flow
methods (OPF), the rest of the paper is organized as
follows: formulation of the problem of optimization of
gas emission with different constraints given in
Section3, test system and it’s characteristics with the
GA parameters are introduced in Section 4. Obtained
numerical results are presented and discussed in
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Section 5 and finally, Section 6 provides a conclusion
and discusses possible future research.

IILOVERVIEW OF OPTIMIZATION POWER FLOW
METHODS
In this section, we focus only on two optimization
power flow methods:

A.Genetic Algorithm

Genetic Algorithm (GA) is a search technique
that mimics the mechanisms of natural selection
[10],[11].Cell is the building unit of all living
organisms. In each cell there is a set of chromosomes
which are strings of DNA. Every chromosome consists
of genes which encode a particular protein. During
reproduction, first occurs crossover. Genes from

parents form in some way the whole new chromosome.

However, the new created offspring can be mutated.
Mutation occurs when the elements of DNA are a bit
changed.

These changes are mainly caused by errors in
copying genes from parents. The fitness of an
organism is measured by success of the organism in its
life. With generations, the good characteristics remain
and the bad ones died which represents “The survival
of the fittest”.The following figure describes shortly
the important steps in GA method.
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Fig. 1 Genetic algorithm flow chart
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B. successive linear programming SLP

Because of the nonlinear nature of the electric
power system, the problem of optimization of power
flow OPF is a nonlinear programming problem. Its
resolution requires therefore a nonlinear optimization
technique such as Newton’s method. Another widely
used method is the successive linear programming
(SLP) technique [12],[13]. In the SLP approach, the
OPF problem is linearized around the current
operating point.

This linearized problem is solved to get incremental
changes in the control vector. The control vector is
updated, and using a load flow, the new state is
computed. This process is successively repeated until
the desired objective is achieved [12].

III. PROBLEM FORMULATION

The goal of optimization power flow in this study
is looking for a minimal value of emission function
while satisfying a set of constraints such a voltage
magnitude and power limits.

The standard OPF can be written as follow:

Min : Fe(P,)
subject to:
g(x)=0
and

h(x)<0

(1)

Where F, is emission function of generator output
represents SO2 and NOx emission and is expressed in
ton/h or Kg/h; g(x) and h(x) are respectively equality
and inequality constraints.

In our case the OPF can take the following form:

6
Min: Fe(P,)=Y.(; + B, Py + 7Py +€:¢° Py)
i=1

subject to:

6

ani—PD—TLzo )
and

min max
Py <P, <Pl

Vimin < Vl < Vl_max

Where @, , ,Bl , ¥;and ¢, are coefficients of the i"

generator emission characteristics. It must be noted
that these parameters are determined by adjustment
techniques of curves based on reel tests.

P

: . th
> Fp» T, are respectively power active of '
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generator, total power load and total active power loss,
all expressed in MW. Further,

mi ma: i
P, PIY V™ and V™ represent the boundary

limits of active power and magnitude voltage.

The proposed method is a combination of GA and SLP,
that is why it is called GASLP, it is consists to
introduce the final results of controlled variables
( Power generator’s outputs ) provided by SLP which
give the optimal emission value as an initial
population in GA method .this approach is illustrated
in following figure:

Fig. 2 Process of the hybrid GASLP approach

IV. TEST SYSTEM

The test system for this study is presented in Fig. 3,
it is derived from IEEE 30 test system; this network
consists of 30 buses, 41 branches (37 lines and 4
transformers), 6 generators and 21 loads. The
transformers connecting generators to the grid are
adjusted accordingly.

It must be noted that the generators do not
represent a single machine but a group of strongly
coupled generators and for this test system the limits
total power is divided as shown in Table 1.

TABLE 1

Active Power Limits of Test System Generators

Bus_Ge?erator | >l s | s |11 13
N

PowerMW) 1 500 | 80 | 50 | 35 | 30 | *°
Upper

Power(MW) 12

50 | 20 | 15|10 | 10

Lower

Parameters of GA:

Population Size : 100
Generation number : 50

Crossover Fraction : 0.9 (two points)
Selection Function : roulette
Mutation Fraction  : 0.08(uniform)
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Fig.3 Test system model

V. RESULT AND DISCUSSION

The Base Case represents the normal operation of
the system. The goal of optimization power flow in
this study is looking for a minimal value of emission
function without violation of limits noted above using
successive linear programming SLP method on
MATHPOWER 3.2 version which based on this
method in OPF calculation.
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Fig. 4 Optimal emission function with ordinary GA

The optimal value of emission function computed
with ordinary GA is 195.3625 Kg/hour otherwise the
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same function is equal to 198.6414, when we
introduce the vector of generation power Obtained via
SLP method (MATPOWER)as initial population in
GA program we obtained the results shown in fig.5.
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Fig. 5 Optimal emission function with GASLP

All results are assembled in following table:

TABLE 4

Optimal Outputs Values of Different Methods

PROPOSED
SLP GA GASLP
P1 (MW) 145.4089 59.6857 60.6521
P2 (MW) 41.4023 75.9923 71.3153
PS5 (MW) 16.2065 47.6011 50.0000
P8 (MW) 22.7422 33.8841 35.0000
P11 (MW) 16.2767 29.9422 30.0000
P13 (MW) 399171 39.9743 40.0000
TL (MW) 03.5557 03.6796 03.5674
FE (KG/H) | 198.6416 195.3625 194.8887

The following figure demonstrates that the optimal
value of gas emission is calculated without violation of
constraints of voltage because all voltage values of 30
buses are within allowed limits. Therefore the power
generations for all unit production are within their
limits, then we can confirm now that the GASLP
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approach give a better optimal value of gas emission
function than GA and SLP methods without any
violation.
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Fig. 6 Voltage profile

VI CONCLUSION

Reducing power greenhouse gas emission has
become a major challenge in the design and operation
of today’s computer systems .The recent studies on
evolutionary algorithms have shown that the
evolutionary algorithms as genetic algorithm are
potential candidate to solve optimization problems and
can be efficiently used to ecliminate most of the
difficulties of classical methods. In this paper, a hybrid
procedure is introduced for environmental power
dispatch problem. The problem has been formulated as
an optimization of emission gas problem with two
methods: one represented an evolutionary one(GA)
and another classic or conventional as successive
linear programming (SLP) singularly , the results are
compared with a hybrid method called GASLP
developed in this paper applied on a case study based
on the standard IEEE 30-bus system. The results show
that the proposed approach is efficient for solving such
problems when it can contribute to reduce the
greenhouse gas emission which no one unknown its
impact on atmosphere pollution. In future, our work
will consider applying this approach to other kind of
multi-objective power systems.
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