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Abstract - In this paper the economic dispatch
problem (EDP) has been actively studied in the electric power
industry for optimal operation and planning of energy
resources. This problem is usually formulated as an
optimization problem. The ever increasing penetration of
variable wind energy in power system it will affect the hourly
dispatch of thermal power generation in electricity market.
The variability of wind energy makes the wind energy non-
dispatchable and difficult to control, could bring significant
challenges to power system. A combined economic load
dispatch integrated with a renewable energy source can be
optimized using PSO optimization algorithm. The effects of
wind power with the pumped storage plant and solar power on
overall emission are investigated. These proposed techniques
will reduce the production cost and emission of the generated
power. The above work is shown in matlab/Simulink

1. INTRODUCTION

Electrical power systems are designed and operated to
meet the continuous variation of power demand. Economic
dispatch have been used to plan over a given time horizon
the most economical schedule of committing — and
dispatching generating units to meet forecasted demand
levels and spinning reserve requirements while all
generating unit constraints aresatisfied.

A large interconnection of the electric networks, the
energy crisis in the world and continuous rise in prices, it is
very essential to reduce the running costs of electric energy.
A saving in the operation of the power system brings about
a significant reduction in the operating cost as well as in the
quantity of fuel consumed. The main aim of modern electric
power utilities is to provide high-quality reliable power
supply to the consumers at the lowest possible cost while
operating to meet the limits and constraints imposed on the
generating units and environmental considerations. These
constraints formulates the economic load dispatch
(ELD)problem for finding the optimal combination of the

output power of all the online gcenerating units that

Combined Economic Emission Dispatch (CEED) is an
optimization problem that allocates power to  each
committed generating unit so as to minimize the total
operational cost and emission, subject to constraints like
power balance, power limits of generators, ramp rate limits.
The formulation takes into account ramping and reserve
costs, carbon-di-oxide emissions from expected dispatches,
and the transitions over time. Significant research has been
conducted throughout the world for development of
sustainable, renewable and efficient energy systems in order
to meet the requirements of increased population and to
reduce the extensive use of fossil fuels. Increasing energy
prices, environmental concerns and rapid depletion of the
known fuel reserves have significantly increased the scope
of renewable energyresources.

It is important to realize that the objectives of
operations planning are (a) economic operation (to minimize
total cost); (b) secure and reliable operation (to observe
operating constraints of all equipment and to supply all
loads without interruptions). Specific implementations and
procedures are driven by system structure and available
technology. The recent advances in computer technology
and analytical tools for power system operation analysis
have greatly affected operations planning procedures. For
example, in the past, the economic objective was
accomplished in the planning stage. The operations planner
would compute the economic dispatch for projected electric
loads and provide a list of generation operating schedules
versus electric load. Then, the power system operator will
use this list in order to operate the system. However, in
actual operation, the system loading conditions and
available units may be quite different from those assumed at
the planning stage. The introduction of energy management
systems provided the ability to optimize system economic
operation in real time. Economic scheduling functions have
been integrated in the real time control of power systems.
Security functions have been also integrated in the control

A



o Vol. 4, Special Issue 19, April 2017

I. EMISSIONDISPATCH

The pollutant emission dispatch problem can be
described as the optimization of total amount of pollutant
emission. The quantity of pollutant emission resulting from
a fossil-fired thermal generating unit is based on the
amount of power generated by every unit. The objective of
emission dispatch is to minimize the total environmental
degradation or the total pollution emission due to burning of
fuels for production to meet the load demand. . The
pollutant emission dispatch problem can be described as the
optimization of total amount of pollutant emission given as
below:

BE=XiL,(diB* + &B + 1)

Where d;, e;and f; are emission coefficients of the
.th . .
i"generating unit.

II. COMBINED ECONOMIC EMISSIONDISPATCH
(CEED)

The idea behind combined emission and economic
dispatch is to compute the optimal generation for individual
units of the power system by minimizing the fuel cost and
emission levels simultaneously, subjected to the system
constraints. Under the strict governmental regulations on
environmental protection, the conventional operation at
minimum fuel cost can no longer be the only basis for
dispatching electric power. The economic dispatch deals
with only minimizing the total fuel cost, On the other hand
Emission dispatch deals with only minimizing the total
emission of CO,, SO, NOxfrom the system violating the
economic constraints. Therefore it is necessary to find out
an operating point, that strikes a balance between cost and
emission. This is achieved by combined economic and
emission dispatch (CEED).

[II. DESCRIPTION

A Distributed bisection algorithm based on
average consensus is proposed. This algorithm has the
following features. Requires no prior knowledge of the
systems, while in several global parameters need to be
known in order to design an appropriate learning gain for
the convergence purpose. Each node needs to know every
other nodes parameter, which implies that the computation
and communication package size will explode as the
network size grows. The proposed system has the following
advantages over the existing systems. In this algorithm no
global information of the system is required. Each node only
requires to know the local parameter. No master or leader
node is required to know the total power demand needed.
This algorithm only assumes that the communication
network is a strongly connected directed graph, which
minimizes the packet loss, device failure or symmetric
bandwidth allocation to maximum extend. The various
methods which are bheen imnlemented to nresent the

ISSN 2394-3777 (Print)
ISSN 2394-3785 (Online)
Available online at www.ijartet.com

International Journal of Advanced Research Trends in Engineering and Technology (IJARTET)

a) Graphtheory

b) Consensus like iterativealgorithm
¢) Problemformation

d) Centralized solution forEDP

A distributed algorithm for gathering the aggregate
power demand, then show distributed feasibility test of
EDP, and finally give a distributed bisection algorithm for
EDP.

IV. ECONOMICDISPATCH

The objective of the Economic dispatch is
to minimize the total system cost by adjusting the power
output of each of the generators connected to the grid. The
total system cost is modelled as the sum of the cost function
of each generator.

FT=2"", F{(P:)

Fi(Pi)=ai+ biP;+ Cin

Where

FT : total generatingcost;

Fi : cost function of generatingunit;
ai,bi,ci : cost coefficients of generatori
Pi : power of generatori

n : number ofgenerator

V.COMBINED ECONOMIC ANDEMISSION
DISPATCH

The economic dispatch and emission dispatch are
two various problems as discussed previously. Emission
dispatch can be included in conventional economic load
dispatch problems by merging an emission constraint with
the economic load dispatch problem. The two objectives can
be converted into a single objective function by introducing
a price penaltyfactor

Min Fr= Ef‘:l((ﬂlf’{: +bP+c)th (dipi2 +eP+1f))

VI.WINDENERGY

Wind turbines convert mechanical energy produced
by the wind to electrical energy. To use this electrical
energy, voltage and frequency regulation are needed. The

mechanical power produced by a wind turbine Airflows can
he need to min wind tnrhinee Madern ntilitv-ceale wind
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have become the most common for commercial
use; the power available from the wind is a function of the
cube of the wind speed, so as wind speed increases, power
output increases dramatically up to the maximum output for
the particular turbine. Areas where winds are stronger and
more constant, such as offshore and high altitude sites, are
preferred locations for wind farms.

Winds are influenced by the ground surface at
altitudes up to 100 meters Wind is slowed by the surface
roughness and obstacles. When dealing with wind energy,
we are concerned with surface winds. A wind turbine
obtains its power input by converting the force of the wind
into torque (turning force) acting on the rotor blades. The
amount of energy which the wind transfers to the rotor
depends on the density of the air, the rotor area, and the
wind speed. The kinetic energy of a moving body is
proportional to its mass (or weight). The kinetic energy in
the wind thus depends on the density of theair

The economic dispatch of generation in a power
system incorporating wind power plant involves the
allocation of generation among the wind and thermal plants
so as to minimize the total production cost while satisfying
various constraints. The generation cost of wind power
generation is ignored in the optimization process since
renewable energy law regulate that all of them must be
adopted.

Wind Power Formula

Power = kC,1/2 p AV?

Where,

P =Power output(KW)

G =Max Powercoefficient(0.25-
0.45)P =Airdensity

A =Rotor sweptarea

\'% =Wind speed(m/s)

K =0.000133

VII.SOLARENERGY

Solar power formulae
Solar share
E]FE,_ Pgs; Us;
Solar cost
¥JZ, PUcost; Pgs; Us;
SCEED with solar power
SCEED with solar power
MinF= E-:;:l ZFZl(aiHE + biPi+ ci + lei*

sin(fi * (Pimin-Pi)l+hi (i P2 + BiPi+ vi+ & *
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exp(8i LiZ; PUCost x Pgsjx Usi+Ks(X2, Pgs;
- X2, Pgs;xUs))
Dynamic CEED with solar power

Min F= 272, 28 (ai(PF) + Pi+ ci+lei .
* sin(fi * (Pimin- PO) +hi (BF)? + Pi+ yi 48
* exp(8i * PF)))+Zi2, PUCostj x Pgs; xs;+Ks(
2y=1Pes;- L= Pasjxs))

VIIL.CONSRAINTS

Equality constraints

The equality constraint is represented by the power
balance constraint that reduces the power system to a basic
principle of equilibrium between total system generation
and total system loads. Equilibrium is only met when the
total system generation equals the total system load (PD)
plus system losses (PL) .

Po= ZiLi Pi— (Pp +Py)

The exact value of the system losses can only be
determined by means of a power flow solution. The most
popular approach for finding an approximate value of the
losses is by way of Kron’s loss formula

P.= Boo+2iz: BioB+EiL; ZiL; RBzEMW

Inequality constraints:

Generating units have lower and upper production
limits of power output of the unit. These bounds can be
defined as a pair of inequality constraints, as follows:

Pgmind—: PgiEPgmax

The generation output should be within the minimum and
maximum limits of the generation constraints.

IX.PARTICLE SWARMOPTIMIZATION

PSO is inspired from the swarming behaviour of
animals and human social behaviour. PSO shares many
similarities with evolutionary computation techniques such
as GA.PSO is a robust stochastic optimization technique
based on the movement and intelligence of swarms.PSO
applies the concept of social interaction to problem solving.
It was developed in 1995 by James Kennedy (social-
psychologist) and Russell Eberhart (electrical engineer).

The problem is initialized with a population of

feasible random solutions; however, PSO has no evolution
operators such as crossover and mutation. In PSO, the
feacihle cnlutione called narticlec flv thronoh the nrohlem
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number of agents (particles) that constitute a
swarm moving around in the search space looking for the
best solution. Christo Ananth et al.[5] discussed about E-
plane and H-plane patterns which forms the basis of
Microwave Engineering principles.

Each particle is treated as a point in aN-
dimensional space which adjusts its “flying” according to its
own flying experience as well as the flying experience of
other particles. Each particle keeps track of its coordinates
in the solution space which are associated with the best
solution (fitness) that has achieved so far by that particle.
This value is called personal best ,pbest.Another best value
that is tracked by the PSO is the best value obtained so far
by any particle in the neighborhood of that particle. This
value is called gbest. The basic concept of PSO lies in
accelerating each particle toward its pbest and the gbest
locations, with a random weighted acceleration at each time
step.

X. CONCEPT

The Concept of modification of a searching point
by PSO is given by

l‘:

Fig 3.1 Concept of modification of a searching point by PSO

Where, S"=current searching point

gkt
=modifiedsearchingpoinV
k =currentvelocity
v =modifiedvelocityVpbes
=velocity
basedonpbestV gpest

=velocity based ongbest
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>
1

Initialize particles with random position and velocity
vectors

L
For each particle position {p) evaluata the

fitness

If fitness (p) is better than fitness o (pbest) then

P best=p

)

Set best of pbest as g best

)

Update particle velocity and
position

If ghest is the
optimal solution

NO

 YES
Gﬁb

Fig 3.2 Flowchart for PSO
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XII. CONCLUSION
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