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ABSTRACT: Unit commitment (UC) is a optimization task planning operation in power system and is done by
scheduled the generating units in on/off states. The UC problem is to minimize system total operating cost to meet
forecasting load and reserve requirement while adhering to generator and transmission constraints to satisfy a given
security level. The capability of using load, energy sources and energy storage in micro grid integrated with renewable
energy sources (RES) by Electrical Vehicles(EV) with Vehicle-to-Grid. An intelligent UC with V2G for cost
optimization is presented in this paper. And this paper presents a new solution to the UC problem based on Harmony
Search Algorithm (HSA) is proposed. HS algorithm is based on musical improvisation process has employed to solve
several power system problems like reactive power dispatch, power flow, unit commitment, economic dispatch,
reconfiguration etc...
KEYWORDS: Unit commitment (UC), Electrical Vehicle (EV), Vehicle-to-Grid(V2G), Harmony search
Algorithm(HSA).
I.INTRODUCTION
UC unit commitment, in regulated or state monopoly power markets, is to schedule the operation of the
generating units in order to serve the load demand at minimum operating cost while observing all plant and system
constraints over a given scheduling period, ranging from several hours to days ahead [1]. The UC is a large-scale, non
convex, nonlinear, mixed-integer optimization problem. The optimal solution to the UC problem can be obtained by
complete enumeration, which is prohibitive in practice owing to its excessive computational resource requirements [2].
The need for practical, cost-effective UC solutions, led to the development of various UC algorithms that provide
suboptimal, but efficient scheduling for real sized power systems comprising hundreds of generators [1].
The “unit commitment” decision involves the determination of the generating units to be running during each
hour of the planning horizon, considering system capacity requirements, including the reserve, and the constraints on
the start-up and shut-down of units [3]. There are two types of constraints on the unit commitment schedule. The first
type consists of a few system or "coupling" constraints resulting from system demand and capacity requirements, which
relate to the capacity or output of all generating units during each time period. The second types are at the individual
unit level or "local" constraints for each unit. The objective function to be minimized is the summation of unit start-up
and shut-down costs, and operating or fuel costs, and maintenance costs over all the units, and for the total planning
horizon[4][5].
Transportation sector increases the pollution from 24% to 27% and the industries and vehicles pollute the air
which creates global warming [6]. Now-a-days the environment friendly equipment are used by governments and
industries to reduce pollution. The emission in the environment increase by load demand fossil fuels were burnt for
producing power.
A new technology vehicle-to-grid is widely used in smart grid applications. A new technology is used to
produce electric energy which is generated by electrical vehicle and it is supplied to the grid. The electrical vehicle is
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used to store the energy in bi-directional ways such as both electrical grid and electrical vehicle. The electrical vehicle
can be used to reduce the generation cost and load demand. Renewable energy sources are used to charge the gridable
vehicle where used in off load(charging)and peak load(discharging) condition. Electrical vehicle application in vehicleto-grid technology is more efficient in unit commitment [7].
The methods for solving UC problem are of two types and the one is conventional method exist during 1957 to
1980 and the other is heuristic method which is a advance technique formed from the natural activity. Priority List,
Branch-and-Bound, Dynamic Programming [9], Lagrangian Relaxation [3], Co-ordination Method, Evolutionary
Algorithms [12][14], Integer Programming, Mixed Integer Programming, Muller Method, Linear Programming etc.. are
the conventional method. Genetic Algorithm [10-13], Simulated Annealing [13], Tabu Search, Fuzzy Logic & Neural
Networks Algorithm, BAT Algorithm, Ant Colony Optimization, Artificial Bee Colony, Hybrid Method, Teacher
Learning Algorithm, Particle Swarm Optimization[14-18], Harmony Search Algorithm etc.. are heuristic method.
In this paper Harmony Search (HS) algorithm is based on jazz musical improvisation process. Jazz
improvisation, solve this classical optimization problem, called „harmony search‟ and when jazz musicians play
together they select the musical notes in their instruments to give the best overall harmony with the rest of the group.
The running cost and emission of the unit is reduced and also spinning reserve capability and profit of the unit is
increased. Unit commitments with vehicle to grid and without vehicle to grid using HARMONY SEARCH
ALGORITHM were much than improved binary PSO [19-21].
II. PROBLEM FORMULATION
Nomenclature and acronyms
The following notations are used in this paper.

H

SoC

Cold start-up cost of unit i
Demand power at time t
Average daily energy consumption of PEV
Total daily charging energy of PEVs
Total daily discharging energy of PEVs
Fuel cost function of unit i
Scheduling hours
Hot start-up cost of unit i
Status of unit i at time t
Number of vehicles connected to the grid at t
Output power of unit iat time t
Maximum number of V2G at time t
Output power of unit iat time t
Maximum/minimum output limit of unit i
Maximum output power of unit i at time t
Minimum output power of unit i at time t
Charging power of V2G at time t
Discharging power of V2G at time t
Average rated power of PEV
Average battery capacitor of each PEV
Power generated/consumed by PEVs at time
System reserve requirement at time t
Ramp down rate of unit i
Ramp up rate of unit i
Start-up cost function of unit i
Average discharge depth of battery
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TC

Ψ
ξ

Total cost
Duration of continuous off-line of unit iat t
Duration of continuous on-line of unit i at t
Minimum down time of unit i
Cold start-up time of unit i
Lagrange multiplier at time t
State of charge
Efficiency
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Objective functions
The objective of UC with V2G is to minimize the total operating cost over the time horizon while the hourly
load demand and spinning reserve are met and emission, and to improve system reserve and reliability. The cost
includes mainly fuel cost and start-up cost[8]. Usually large cheap units are used to satisfy base load demand of a
system. Most of the time, large units are therefore on and they have slower ramp rates. On the other hand, small units
have relatively faster ramp rates. Besides, each unit has different cost and emission characteristics that depend on
amount of power generation, fuel type, generator unit size, technology and so on. Gridable vehicles of V2G technology
will reduce dependencies on small/micro expensive units. But number of gridable vehicles in V2G is much higher than
small/micro units. So profit, emission, spinning reserve, reliability of power systems vary on scheduling optimization
quality. UC with V2G is a large-scale and complex optimization problem. The objective of the UC with V2G is to
minimize total operation cost and emission, where cost includes mainly fuel cost and start-up cost [6].
Fuel cost
Fuel cost of a thermal unit is expressed as a second order function of generated power of the unit and ai,bi,ci
are cost co-efficient.
Fci(Pi(t))=ai+biPi(t)+ciPi2(t)
…(1)
Emission
Emission curve is expressed as polynomial function and order depends on the desired accuracy and αi ,βi , γi
are emission co-efficient
ECi(Pi(t))= αi + βiPi(t)+ γi Pi2(t)
…(2)
Start- up cost
The start-up cost for restarting a recommitted thermal unit, which is related to the temperature of the boiler, is
included in the model. In this paper, simplified start up cost is applied as follows:
off
off

h  cos t i
MDi  X i (t)  H i
 SCi (t) = 
off
X i (t) > H off
 off
 c - cost i
H i = MD i + C _ S _ houri





. . .(3)
. . .(4)

Shut-down cost
Shut-down cost is constant and the typical value is zero in standard systems.Therefore, the main objective
function for cost-emission optimization of unit commitment with V2G is given by formula,
Min π= Wc*(Fuel + start_up) +We*Emission 

N

H

[{Wc(FC (P (t)) + SC (1- I (t - 1))}
i

i 1 t 1

i

i

i

. . .(5)

+ We( i EC i (Pi (t))]Ii (t)
Where, ψi is the emission penalty factor of unit i. Weight factors Wc and We are used to include (W = 1) or exclude
(W = 0) cost and emission in the fitness function. It increases flexibility of the system. Different weights may also be
possible to assign different precedence of cost and emission in the fitness function. Depending on the operators demand
value may be chosen for Wc and We.
Constraints of UC with V2G
The constraints that must be satisfied during the optimization process are as follows
Gridable vehicle balance in UC with V2G
Only registered predefined numbers of vehicles participate in optimal scheduling of unit commitment with
vehicle to grid. It is assumed that all vehicles were charged by renewable energy sources and discharge to grid. Number
of vehicle going to participate in discharging the power to grid are fixed. There schedule for 24 hours is predefined
H

N
t 1

V2G

(t) = N V2G

MAX

...( 6)

Charging–discharging frequency
Vehicles were charged from renewable energy sources for supplying power to the grid. Depending on the type
of batteries used in the vehicle for charging and based on the life time of the batteries multiple charging and
discharging facilities of vehicles were considered. If one vehicle is fixed in a schedule of 24 hour for discharging power
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to grid, only during the corresponding hour vehicle is used. In simple, words a scheduled vehicle is used only one time
a day.
System power balance
Gridable vehicles are considered as S3Ps. Power supplied from committed units and selected (some
percentage of total vehicles) S3Ps must satisfy the load demand and the system losses, which is defined as,
N

 I (t)P (t) + PvN
i

t 1

i

V2G

(t) = D(t) + losses

...( 7)

Spinning reserve
To maintain system reliability, adequate spinning reserves are required,
N

 I (t)P
t 1

i

m ax

i

(t) + Pv m axN V2G (t)  D(t) + R(t)

..( 8)

Generation limits
Each unit has generation range, which is represented as,
N


t 1

Pi

m in

 Pi (t)  Pi

m ax

...( 9)

Number of discharging vehicles limit
All the vehicles cannot discharge at the same time. For reliable operation and control, limited number of
vehicles will discharge at a time. This constraint also applies for power transfer, current limit
N

N
t 1

V2G

(t) = N V2G

MAX

(t)

...(10 )

Minimum up/down time:
Once a unit is committed / uncommitted, there is a predefined minimum time after it can be uncommitted /
committed respectively,
on

(1 - I i (t + 1))MUi  X i (t),

off
 I i (t + 1)MD  X i (t),

if Ii(t) = 1,
if Ii(t) = 0





...(11)

Initial status
At the beginning of the schedule, initial states of all the units and vehicles must be taken into account.
III. PROPOSED APPROACH
The optimization of UC with V2G could be considered as two sub-problems, the first one is unit-scheduled
(US) problem which generate a binary matrix (or called „status matrix‟).The matrix elements are „0‟ (unit OFF) and „1‟
Harmony Search Algorithm
Harmony Search (HS) algorithm has based on musical improvisation process. The HS algorithm has been very
successful in a wide variety of optimization problems, presenting several advantages with respect to a traditional
optimization technique. As the HS algorithm uses stochastic random searches, derivative information is also
unnecessary. In the HS algorithm, musical performances seek a perfect state of harmony determined by aesthetic
estimation, as the optimization algorithms seek the best state (i.e., global optimum) determined by the objective
function value. Each musician corresponds to each decision variable; a musical instrument‟s pitch range corresponds to
a decision variable‟s value range; musical harmony at certain time corresponds to a solution vector at certain iteration;
and audience‟s aesthetics corresponds to an objective function. Just like musical harmony is improved with time, the
solution vector is improved with iteration. To understand the principle of the HS algorithm, let us first idealize the
improvisation process by a skilled musician.
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When a musician improvises, he or she has three possible choices are playing any famous tune exactly from
his or her memory, playing something similar to the aforementioned tune, thus adjusting the pitch slightly or
composing new or random.
A few parameters that are used for the calculation of UC problem by HS algorithm are number of Iterations (IN)
which is determined by complexity and nature of problem, number of Decision Variable (DVN) which set of DVN
constitutes a harmony, Size of harmony search (SHS) used to specify the number of harmonies that will be stored in the
harmony memory, Pitch Adjustment Rate (PAR) determines probability value to give value to decision values,
Harmony Memory Considering Rate (HMCR) determines the rate at which decision variables in the harmony are
considered as elements of a new harmony.
IV. RESULT
All calculations have been run on Intel(R) Pentium(R) P62002.66 GHZ CPU, 2GB RAM, Microsoft Window
XP OS.A 10 unit system is considered for simulation with 50,000 gridable vehicles, which are charged from renewable
sources and they discharged to the grid so that running cost and emission are minimum and the load demand and
constraint are fulfilled. The spinning reserve requirement is assumed to be 10% of the load demand, cold start-up cost
is double of hot start-up cost, and total scheduling period is 24 h. Parameter values are Harmony memory size=20, Max
Iterations=1000; total number of vehicles = 50,000; maximum battery capacity = 25 kWh; minimum battery capacity =
10 kWh; average battery capacity, Pv = 15 kWh; maximum number of discharging vehicles at each hour, NmaxV2G(t)
= 10% of total vehicles; total number of gridable vehicles in the system, Nmax V2G= 50,000; charging–discharging
frequency = 1 per day; scheduling period = 24 h; departure state of charge, ψ = 50%; efficiency, ξ = 85%.
In fitness function, both cost and emission are considered (i.e., Wc = 1 and We = 1) and randomly selected
results with and without gridable vehicles are shown in Tables 1 and 2, respectively. The total fuel cost is $5,54,134.59
total emission cost is 2,76,987.53 ton and total cost is $11,35,323.37 when 50,000 gridable vehicles are considered in
the 10-unit system during 24 h (Table 1). On the other hand, the total fuel cost is $5,73,879.34 total emission cost is
2,84,779.94 ton and total cost is $11,95,083.92 respectively when gridable vehicles are not considered in the same
system (Table 2). Though value of fitness function is continuously decreasing, individual cost and emission are
frequently fluctuating (both increasing and decreasing) up to 200 iterations.
Results for reserve power, running cost and emission of 10 unit test system with and without vehicle
connected to grid. It is seen from the table that the average running cost of the unit is decreased up to 11% .Also,
emission is reduced considerably and spinning reserve capacity of the unit is increased. This reduction of running cost
and emission of the unit is due to, addition of vehicle power to the grid. Vehicles are charged from a renewable energy
source. Hence, the overall profit of the unit is increased. Solution obtained was feasible.
Hence the total saving by usingHSA with V2G technology in UC problem the running cost is reduced by
($5,73,879.34−$5,54,134.59)= $19,744.15 and the emission is reduced by (2,84,779.94−2,76,987.53 tons) = 7792.41
tons per day in the 10-unit small system. And for the year running cost is reduced by 72,06,614.75 $ and emission is
reduced by 28,44,229.65 ton by using HSA with V2G in UC problems. And the comparison of running cost and
emission is made the reference paper[6].
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Table-1 Unit Commitment using HSA with V2G for 10unit system with 50,000 gridable vehicles
Total Fuel Cost : 5,54,134.5980 $ Total Emission Cost : 2,76,987.5333 ton Total Cost : 11,35,323.3713 $

Table-2 Unit Commitment using HSA without V2G for 10 unit system
Total Fuel Cost : 5,73,879.3431 $ Total Emission Cost : 2,84,779.9490 ton Total Cost : 11,95,083.9293 $
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Cost

HSA
With V2G

Running Cost
($)
Emission Cost (ton)

BPSO
Saving

With V2G

5,54,134.59

Without
V2G
5,73,879.34

19,744.15

2.76,987.53

2,84,779.94

7792.41

Saving increased
Saving

Percentage (%)

5,59,367.06

Without
V2G
5,65,325.94

5958.88

30.18

2,57,391.18

2,60,066.35

2675.17

34.33

Table – 3 Comparision of running cost and emission cost for HSA and BPSO algorithm
V. CONCLUSION
In this paper, unit commitment with V2G scheduling is solved using a new advanced technological approach.
The problem of UC with V2G is studied using gridable vehicles are mainly charged from the grid at charging and
discharging of the peak load hours. Unit Commitment with V2G by using Harmony Search Algorithm (HSA) provides
better numerical results than Binary Particle swarm optimization. In this case, operating cost and emission of the unit is
decreased. Also, spinning reserve capacity of the unit is increased. In future, there is much more practical constraints
have to be reconsidered, which will lead to more realistic results.
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