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ABSTRACT

Nowadays, the efficient use of renewable sourcawi® significant to decrease the cost for genagaglectricity. In this
view, Micro-Grid has the ability to make use ofivas energy sources and supply as a single dewiceach the preferred
objectives. The drawback in scheduling the avaflagpneration and storage capacities in a microgrid account of
existence of renewable sources with a goal to aptirthe generation cost is considered in the papao scenarios are
created by utilizing the verified uncertainty modek to uncertainty in available generation frormegable sources and
loads. AWCPSO (Adaptive weight control particle swaptimization) technique is employed to worktbetoptimization
portion. The aimed method is examined on a stegiséxample consisting of conventional and reneegfenerators. The
outcomes acquired from the aimed method are evaémcthe utilization of low-priced generators toetcoverage of
100% and remaining generators utilized in the redggercentage with raising their generation cddwer taken from
grid in the statistical example is consumed vemefidly as it is high-priced source. The plannedalthm gives the best
possible answer for scheduling the generators &madso realize load discarding if required. The geation cost acquired

by the proposed method is less than by using tt& (ARificial fish swarm) intelligence technique.
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INTRODUCTION

The usage of distributed generators (DGSs) like ghaltaic (PV), wind turbine (WT), micro-turbine (M;Thiomass, fuel
cell (FC) etc. are extensively improved due torgmuirements of low cost, better reliability andhltieier environment [1-
3]. The application of micro-grid plays a signifitarole in producing electricity with renewable eme sources (RES).
Microgrid consists of DGs, storage units and loadd replicate as a one generating unit. It canpegated in connected
mode in which a micro-grid is linked to the powenidgand also in islanded mode that can work autangsty

disconnected from main grid. Furthermore, the ngdcbworker not able to control the generation céyarom RES but

it can limit under additional generation [4-5]. Theneration in micro-grid can controlled by usingthods like storing
energy in a device for backup, day-ahead scheduliegnand response, load shifting, load discardingTehus inspired,
the present paper is planned to work out the prolan microgrid. The recent energy balance procsigomprise of

numerous objective functions with various constsiThe problems contain linear programming mod®R) [5, 6],
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34 P. Grace & P. Kantarao

mixed—integer linear programming [7-9], Quadratiogramming [10] models etc. Likewise, so many utaety models
developed to take care of uncertainty in powerlalse from RES and are explained in literature [B]- The strategies
for charging/discharging of storage systems torimasupply with load [14-16]. The excess or ingigfit generation is
controlled from load side by demand side energyagament (DSEM) techniques. Different DSM methodsdaveloped
to maintain energy balance contains demand respomoggams [17-19], load shedding [20], load shti21] etc. Day
ahead energy bidding problem solved in [22-23].

The problem in this paper concentrates on two taGke is to minimize the generation cost and sedsrtd
balance the generation and load which in excesisarded from microgrid for that hour. This asigllans an energy
management method for optimal scheduling of geimratnd storage capacity in a microgrid using AWORggorithm.
The conventional generators cost function is indgatic form whereas it is in linear form for rendod&a sources. The
algorithms like particle swarm optimization (PS@pagenetic algorithm (GA) takes more time for cotagion [24]. The
disadvantage of AFS algorithm is that the informatof group elements is not helpful for next movatria search. The
modified PSO method is employed to work out theiroiziation portion for the planned algorithm. The SRRSO
algorithm has the following advantages which aghldomputational speed and provide high qualitytsmh.

Energy management (EM) algorithm is planned foredcifing the renewable, conventional energy germrsati
and distributed storage capacity in a microgridbwihg demand side energy management. AWCPSO digoris
employed to optimize the generation cost and EMhoettbalances the available generation and load. abdiional
energy stores in the distributed storage devicddak-up whereas the energy is discharged fronag#ounit under deficit
condition. The power is taken from main grid afidt consumption of distributed sources. DSEM tdghe is utilized for

discarding the extra load under insufficiency gatien.
MODELLING OF MICROGRID COMPONENTS

Microgrid is a small size electrical grid which hiqwe ability to operate both autonomously and imbmation with the
main grid. Microgrid contains renewable generatoms)-renewable generators, dispatchable distribgéedrators, energy
storage devices, loads which are controllable amntrollable and a connection of main electriaad.grhe modelling of

different components in the microgrid is as desdibelow.
Distributed Energy Generators

Distributed energy generation is broadly used duthé requirements for improved reliability, lesst; more flexibility
and cleaner environment. The amount of power géseeray distributed generators must be within theiimam and

minimum limits.

Let Pxi(t) and Ry(t) be the amount of power production Byrenewable generator arfi gonventional generator
at the ' time interval. The minimum and maximum limits ehewable generator are;Rin(t) and Rjmaxt) however for

conventional generator arg;Rin(t) and R maxXt).-
F)Ri,min < PRi(t) < PRi,maXa te T! i€l (1)
I:’Cj,minf PCj(t) < PCj,maXa te Tl J €J (2)

Where | is number of the renewable generatorsndrnsber of conventional energy generators andrlimsber of

time intervals.
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Optimal Scheduling of Distributed Power Sourcesin a Microgrid Considering Management on Demand Side 35

Renewable energies like wind and solar has unogytai availability of power due to the climaticriations. To
draw a definite result for a problem by any optiatian algorithm majorly depends on the perfectridagncertainties in
available power of RES that are calculated. By igmpthe impact of uncertainty does not give thémal result to the
problem. An appropriate modelling and approximatingse uncertainties in microgrid environment iselby different
techniques []. One type of uncertainty model issidered to create several scenarios for calculdtiegvailable power of
RES and loads.

Storage Units

Energy storage unit is used as backup power sdppljre system which minimizes the power consunmpfiom the main
electrical grid. It plays a critical role in costnimization. Storage unit charges whenever addii@mergy available from

the renewable generators and is discharged by ¢hieewunder scarcity generation situation.

Let Psct) and Rp(t) are the quantity of power charged and dischthfgem f" storage unit at"ttime interval.

The maximum charge and discharge rates of stomaigeare restricted by (3) and (4).
0 < PSCr{t) < PSCn,max- te T, neN (3)
0 < PSDn(t) < F)SDn,maXr te T, neN (4)

The state of charge of each storage unit is lintite¢b). The state of charge (SoC) of storage duniing charging
at any time is given by (6) and in the case offthsging is given by (7). Where N is the total numbfestorage devices.

SOG min< SOG|(t) < SO0G, maxt € T, NEN (5)
SoG(t+1) = SoG(t)+7, Psc{t),t€ T, neN (6)
SoG(t+1) = SoG(t)-7, Pspt), t€ T, nEN @)

Loads

Loads are of two types which are controllable loadd uncontrollable loads. To apply energy managéme demand
side at every instant needs the controllable typlax. The quantity of load that is in additionalthe total generated
power from all distributed generators plus storagis plus power taken from main grid is known &saload. The extra
load is discard from the system with reward paynignthe owner of microgrid to the consumer on bebfathe trouble

occurred.
Ym=1Liom(®) = Xii=1 Ln(®) — (i1 Prilt) + Z§=1 Pci(t) + Xn=1Psort) + Pyia()], i €1,j €I, mEM, nEN, teT (8)

Where, M is number of loads.
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Table 1: Details of Energy Resources

P. Grace & P. Kantarao

Type of | Capacity | Min Power | Max Power
System (KW) (KW) (KW)
PV 1 600 0 200
PV2 500 0 200
WT 800 0 800
MT 300 0 300
FC 300 0 300
Diesel 600 30 600
Grid 500 0 300
Battery 300 Min Soc-30  100(ch/dch
Max SoC-
300

FORMULATION OF MICROGRID PROBLEM

The problem should be formulated in such a way that total generation cost is to be minimized wsttisfying

constraints. The mathematical formulation of thetpem to establish the best operating plan is kxis.

Objective Function

Fl =

Min 31 { 27 Xa®H a*(Po®)®  +

Z;zl[XRi(t)*cRi(t)*PRi(t)+YRi(t)*SURi+ Zgi(t)*SDri+OMgi(t)]+

B*(Pci(t)+v}

3  [Viom®*Clom®*Lom®)]}. i €1,j€J, mEM, nEN, teT

+ Y Cj(t)*SUCj +

Zcj(t)*SDc¢}]

+

> [Usdt* Co®*Ps®nd  +  Coial)*Pgre®

©)

Table 2: Available Capacity of Renewable Energy Sourcesnd Hourly Electrical Load Demand in Two Scenario

Scenario 1 Scenario 2
Time PV1 PV2 WT Demand PV1 PV2 WT Demand
(h) (KW) (KW) (Kw) (KW) (Kw) (KW) (KW) (KW)
1 0 0 485 1721 0 0 369 1486
2 0 0 464 1352 0 0 380 1405
3 0 0 262 1503 0 0 238 1048
4 0 0 46 1045 0 0 35 1389
5 0 0 21 1463 0 0 22 1204
6 0 0 178 1559 0 0 141 1466
7 0 17 377 1449 0 12 398 1449
8 39 77 564 1347 50 69 479 1946
9 67 84 453 1872 75 86 433 1408
10 103 146 544 1332 114 126 580 1397
11 124 163 493 1841 138 138 579 1660
12 144 157 318 1751 120 142 351 1404
13 162 150 407 1783 131 160 325 1366
14 120 134 208 1639 165 160 229 1639
15 121 147 88 1460 151 136 69 1378
16 96 120 25 1771 102 107 26 1574
17 93 88 160 1425 66 101 115 1994
18 38 52 328 1728 34 41 392 1805
19 0 1 697 2081 0 1 697 1904
20 0 0 574 2358 0 0 691 2334
21 0 0 664 2430 0 0 720 2072
22 0 0 870 2560 0 0 804 2443
23 0 0 661 1783 0 0 773 2413
24 0 0 718 1558 0 0 704 1751
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Figure 1: Available Generation from RESs and HourlyDemand.

Table 3: Bid Rate of Distributed Energy Resourcesi Euros/kwh

T('E;e PV1, PV2 WT MT FC

1 0 0.021 0.0823 0.1277
2 0 0.017 0.0823 0.1277
3 0 0.0125 0.0831 0.1285
2 0 0.011 0.0831 0.129

5 0 0.051 0.0838 0.1285
6 0 0.085 0.0838 0.1292
7 0 0.001 0.0846 0.1292
8 0.0646 0.11 0.0854 0.13

9 0.0654 0.14 0.0862 0.1308
10 0.0662 0.143 0.0862 0.1315
11 0.0669 0.15 0.0892 0.1323
12 0.0677 0.155 0.09 0.1315
13 0.0662 0.137 0.0885 0.1308
14 0.0654 0.135 0.0885 0.1308
15 0.0646 0.132 0.0885 0.1308
16 0.0638 0.114 0.09 0.1315
17 0.06538 0.11 0.0908 0.1331]
18 0.0662 0.0925 0.0915 0.1331
19 0 0.091 0.0908 0.1338
20 0 0.083 0.0885 0.1331
21 0 0.033 0.0862 0.1315
22 0 0.025 0.0846 0.1308
23 0 0.021 0.0838 0.13

24 0 0.017 0.0831 0.1285

Grid power — 0.572 Euros/kwh

The cost of power generated from conventional gngemerators like diesel power g enerator is regiesl in
quadratic form and for the renewable generatoiis, it linear form. The state variableg;and X give the information
about the state of the conventional and renewadnergtors whether it is ON or OFF. The value gfafid X is ‘1’ when
the generator is start up or shut down and it isvi@en the generator is already in running conditits OFF state. If the
microgrid owner purchasing power from photovoltaied wind energy operators then the cost M fix to zero.
Otherwise, if the operator of microgrid owns the 8\ wind energy generators then the coskr@8/only considered for

cost calculation.

The vectorUs, gives the information about exchanging power betwenicrogrid and battery. The state of

exchanging power specifies that battery is chargiigcharging or unused. The terp indicates the discharging and

charging efficiency of a battery.
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38 P. Grace & P. Kantarao

The value oV, py, is ‘1’ for the OFF state of fhload and it is ‘0’ for ON state of the"hioad. The power is drawn
from main grid only when the power generated frdindiatributed generators and storage devices ignough to provide
the full load.

Constraints
Power Balance

The total generated power from distributed genesattorage devices and power taken from grid magthes with the

loads which are in ON state.

Yio1 Prilt) + X2y Poy(t) +Xh=1 Psor(t) + Pya(t)

= Zzzl[Lm(t) — Lipm(t)] + X0 -1 Pscd®), ElLLjeJ, mEM, NneEN, teT (10)
Generation Capacity

For steady operation, the output power of everyi®festricted by maximum and minimum generated pdiwvets.

PRi,min < PRi(t) < PRi,maXa te T, i€l (11)
PCj,minf PCj(t) < PCj,maX1 te T, J €J (12)
F)gridfminf Pgrid(t) = Pgridfmax: teT (13)

Table 4: Optimal Scheduling of Energy Resources iKW for scenario-1 (Total Operation Cost = 4010.2 Eros)

Téhm)e Pevi | Pev2 | Pwr | Pur | Prc | Poiesel | Paiia | Pch | Poiscn | SOC | Demand | Load shed
1 0 0 485 300f 300 600 0 0 36 130 1721 0
2 0 0 464 300 88 600 0 100 0 94 1352 0
3 0 0 262 300f 300 600 0 0 41 194 1503 0
4 0 0 46 300 199 600 0 100 0 153 1045 0
5 0 0 21 300 300 600 147 0 100 253 1463 0
6 0 0 178 300f 300 600 81 0 100 153 1559 0
7 0 17 377 300| 255 600 0 100 0 53 1449 0
8 39 77 431 300 0 600 0 100 0 153 1347 0
9 67 84 453 300 30(¢ 600 0 q 68 253 18772 0
10 103 146 0 300 283 600 0 100 0 185 1332 0
11 124 163 369 300 300 600Q 0 15 0 285 1841 0
12 144 157 250 300 300 600Q 0 ( 0 300 1751 0
13 162 150 271 300 300 600Q 0 ( 0 300 17838 0
14 120 134 185 300 300 600 0 ( 0 300 1639 0
15 121 147 88 300 204 600 0 q 0 300 146( 0
16 96 120 25 3000 30( 600 230 ( 100 300 1771 0
17 93 88 160 300 284 600 0 100 0 200 1425 0
18 38 52 328 300, 30( 600 10 q 100 300 1728 0
19 0 1 697 300{ 300 600 83 Q 100 200 2081 0
20 0 0 574 300{ 300 600 30 q 70 100 2358 214
21 0 0 664 300{ 300 600 30 q 0 30 2430 266
22 0 0 870 300{ 300 600 30 q 0 30 2560 190
23 0 0 661 300{ 300 600 0 78 0 30 1783 0
24 0 0 718 300 40 600 0 100 0 108 1558 0
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Storage Capacity

The quantity of energy that a storage unit chaegekdischarges at time't’ must satisfy the follogvzonstraints

0 < PscAt) < Pscnmax t E T, NEN (14)

0 < Pspr(t) < Pspnmax t € T, NEN (15)

S0G min< S0G|(t) < S0G, max, tE T, NEN (16)
AWCPSO ALGORITHM

Optimization algorithm is used to get the desiretpat for the problem in the microgrid. PSO aldumitis extensively
used in multi-objective problems due to its numeradvantages. It is a population-based searchidgigoand it gives
superior value results to the problem with less patational effort. This was introduced by Ebertzartl Kennedy [25] on
the basis of collective behavior of animals likedbj fishes, and insects. PSO imitates the a@sviione by flock of bird
or number of bees called “swarm” and each birdaited as “particle”. A particle in swarm reachesofimum point by

way of its current velocity, earlier occurrence &aded on the knowledge of its adjacent particles.

A modified PSO algorithm is used to get the optisalution faster than a standard PSO method .Tkatag
velocity of the particle ‘p’ is

Table 5: Optimal Scheduling of Energy Resources iKW for Scenario-2 (Total Operation Cost = 3968.6)

Téﬂ;e Pevi | Pev2 | Pwr | Pur | Pec | Poiesel | Poria | Peh | Poisen | SOC | Demand | Load shed
1 0 0 369 | 300[ 300 600 0 83 0 130 1484 0
2 0 0 380| 300] 217 600 0 87 0 213 1404 0
3 0 0 238| 210 0 600 0 0 0 300 1048 0
4 0 0 35 300, 300 600 54 0 100 300 1389 0
5 0 0 22 300, 300 600 0 18 0 200 1204 0
6 0 0 141 300| 304 600 25 (0 100 218 1466 0
7 0 12 398| 300 239 600 0 100 0 118 1449 0
8 50 69 479 300 300 600 48 @ 100 218 1946 0
9 75 86 147| 300, 300 600 0 100 0 118 1408 0
10 114 126 39 300 300 600 0 82 0 218 139y 0
11 138 138 184 300 300 60( 0 D 0 300 1660 0
12 120 142 0 300 242 600 0 @ 0 300 1404 0
13 131 160 0 300 175 600 0 @ 0 300 1366 0
14 165 160 114) 300 300 60( 0 D 0 300 163P 0
15 151 136 0 300 191 600 0 ( 0 300 1378 0
16 102 107 26 300 300 60( 39 D 100 300 1574 0
17 66 101 115 300 300 60( 300 D 100 200 1994 1172
18 34 41 392 300 300 600 68 q 70 100 1806 0
19 0 1 697| 300 30( 600 6 g 0 30 1904 0
20 0 0 691| 300 30( 600 300 ( 0 30 2334 143
21 0 0 720 300] 30( 600 152 ( 0 30 2072 0
22 0 0 804| 300 30( 600 300 ( 0 30 2443 139
23 0 0 773 300 30( 600 300 ( 0 30 2413 140
24 0 0 704 300] 247 600 0 100 0 30 1751 0
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Figure 2: Battery Exchange Power Values from Tabled and 5.

Table 6: Available Energy of each Generator withir24 Hours and Their Consumption in Percentage

Scenario-1 Scenario-2 Scenario-1 Scenario-2 Scerlmarlo— Scenario-2

Povi 1107 1146 1107 1146 100% 100%

Povs 1336 1279 1336 1279 100% 100%
Pbiese 14400 14400 14400 14400 100% 100%
Pur 7200 7200 7200 7110 100% 98.75%
Pec 7200 7200 6153 6406 85.45% 88.97%
Pwr 9605 9550 8577 7468 89.29% 78.19%
Parid 7200 7200 1446 1592 20.08% 22.11%

Table 7: Optimal Scheduling of Energy Resources iKW Considering the Cost of PV1, PV2 and WT Power
Generation as 0.0307 Euros/kwh over 24 Hours for $oario-1 (Total Operation Cost = 3520.7 Euros)

1 0 0 485| 300 30d 600 0 36 130 1721 0
2 0 0 464 | 300/ 88 600 0 100 0 94 1352 0
3 0 0 262 | 300] 300 600 0 0 41 194 1503 0
4 0 0 46 300| 199 600 0 100 0 153 1045 0
5 0 0 21 300| 300 600 142 0 100 253 1463 0
6 0 0 178 | 300{ 30¢ 600 81 0 100 153 1559 0
7 0 17 377| 300] 255 600 0 100 0 58 1444 0
8 39 77 564| 167 0 600 0 100 0 153 1347 0
9 67 84 453| 300 30( 600 0 G 68 253 1872 0
10 103 | 146| 544 39 0 600 0 190 0 185 1332 0
11 124 | 163| 493 30Q 176 600 0 15 0 285 1841 0
12 144 | 157| 318 30Q 232 600 0 ( 0 300 1751 0
13 162 | 150| 407/ 300 164 600 0 ( 0 300 1783 0
14 120 | 134| 208 30Q 27y 600 0 ( 0 300 1639 0
15 121 | 147 88 300 204 600 0 @ 0 300 1460 0
16 96 120 25 300 300 600 230 ( 100 300 1771 0
17 93 88 160/ 300 284 600 0 100 0 200 142% 0
18 38 52 328] 300 300 600 10 @ 100 300 1728 0
19 0 1 697 | 300[ 300 600 83 0 100 200 2081 0
20 0 0 574| 300[ 300 600 300 0 7( 100 2358 214
21 0 0 664 | 300[ 300 600 300 0 0 30 243( 266
22 0 0 870| 300[ 30 600 300 0 0 3P 256( 190
23 0 0 661| 300[ 300 600 0 78 0 30 1783 0
24 0 0 718 300] 40 600 0 100 0 108 1559 0
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Table 8: Optimal Scheduling of Energy Resources iKW Considering the Cost of PV1, PV2 and WT Power
Generation as 0.0307 Euros/kwh over 24 Hours for 8oario-2 (Total Operation Cost = 3490.6 Euros)

Téhm)e Pevi | Peva | Pwr | Pur | Pec | Poiesel | Peria | Pcn | Poisch | SOC | Demand I;?]zg
1 0 0 369 300 300 600 0 83 0 13D 1486 Q
2 0 0 380 300 212 600 0 87 0 218 1405 Q
3 0 0 238 210 0 600 0 0 0 300 1048 0
4 0 0 35 300 300 600 54 0 100 300 1389 q
5 0 0 22 300 300 600 0 18 0 200 1204 0
6 0 0 141 300 300 600 25 0 104 218 1466 q
7 0 12 398 300 239 600 0 100 0 118 1449 q
8 50 69 479 300 300 600 48 0 100 218 1944 0
9 75 86 433 300 14 600 0 100 0 118 1408 q
10 114 126 580 59 0 600 0 82 0 218 1397 q
11 138 138 579 205 0 600 0 0 0 300 1660 q
12 120 142 351 191 0 600 0 0 0 300 1404 q
13 131 160 325 300 0 450 0 0 0 300 1366 q
14 165 160 229 300 184 600 0 0 0 300 1639 0
15 151 136 69 300 122 600 0 0 0 300 1378 (
16 102 107 26 300 300 600 39 0 100 300 1574 D
17 66 101 115 300 300 600 300 q 100 200 1994 112
18 34 41 392 300 300 600 68 0 70 100 1805 0
19 0 1 697 300 300 600 6 0 0 30 1904 0
20 0 0 691 300 300 600 30(¢ 0 0 30 2334 143
21 0 0 720 300 300 600 152 0 0 30 2072 q
22 0 0 804 300 300 600 30(¢ 0 0 30 2443 139
23 0 0 773 300 300 600 30(¢ 0 0 30 2413 140
24 0 0 704 300 247 600 0 100 0 30 1751 q

Table 9: Available Energy of each Generator withir24 Hours and Their Consumption in Percentage
Considering the Generation Cost of PV1, PV2 and Was 0.0307 Euros

Source A\_/ai_lable Energy Hours Tot:_;ll I_Energy Consumed Hours Energy Consumption
within 24 (KW) within 24 (KW) (%)
Scenario-1 Scenario-2 Scenario-1 Scenario-2 Sicehal  Scenario-2

Pev1 1107 1146 1107 1146 100% 100%
Pev2 1336 1279 1336 1279 100% 100%
Pwt 9605 9550 9605 9550 100% 100%
Ppiese 14400 14400 14400 14400 100% 100%
Pur 7200 7200 6806 6665 94.52% 92.56%
Prc 7200 7200 5519 4919 76.65% 68.31%
Pgrid 7200 7200 1446 1592 20.08% 22.11%
V(i+1) =w * V(i) + C * rand, * (Pbes(i) — Xy(i)) + C* rand, * (Gbest(i) — %(i)) a7
Xp(i+1) = X,(i) + Vi(i+1) (18)

Where X(i) and V(i) is the point and velocity of the particle ‘pt #eration ‘i'. w is the weight control factor.

Pbesi(i) is the optimal point of a particle ‘p’ at itdi@an ‘i and Gbest(i) is the optimal point of theosvd until iteration i’.

Weight controlling factor is

® = ((Wma*(iter max—iter)) +Hwmin*iter))/iternax

www.iaset.us
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IMPLEMENTATION OF ENERGY MANAGEMENT (EM) ALGORITHM
The algorithm applied to the microgrid using AWCP®&0Ghnique is in the subsequent steps:
Step 1: Defining input data which is needed totster process.

Step 2: IfYM_ Ly(t) < Y, Pri(t) + Z§=1 PgjmaX(t), apply AWCPSO technique for the available resea and

arrange the sources as follows, supply electrazd land provide charging to a battery.
* Randomly produce the primary population and theinary velocities by way of satisfying respectivenstraints.
» Acquire arbitrary generations and verify balanceagipn.
e Calculate objective function then find the eachipkr fitness. Obtain Pbest, Gbest.
« Select the itdtiteration.
e Calculate the weight controlling factor as from ation (19).
» Update velocity and obtain the next location oftijgle. Calculate the fitness.
» If current best Pbest of resultant value is beltan earlier, fix it. In the same way, evaluate §ladso.
» Do step 6 and step 7 for every particle in the swar

» Verify convergence criteria. Increase the valuéerhition and move to step 5 until the maximumaitien value

is reached.

e  Print the global best value.

Step 3: If Xi_y Pri(t) + Xj_; Pojmalt) <Zmm=1Lm(®) < Tioy Prit®) + X, Pejmad?) + X=1 Psonmax discharge the

battery and then supply load.

Step 4:1f ZLl PRi(t) + Z§=1 PCj,max(t) +Zg=1 l:’SDn,ma><< 2%:1 Lm(t) < 2%:1 PRi(t) + Z§=1 PCj,max(t) + 217:1 PSDn,max"'

Pgria.max discharge battery and take power from main grisiupply the entire load.

Step 5: fYM_ L(t) > ¥!_, Pri(t) +Z§=1 Pjmat) +2m=1Pspnmaxt Pyiamas discharge battery, take maximum

power from grid, apply load discarding and supply temaining load.
RESULT ANALYSIS

Microgrid which is linked to a main grid with oneind energy generator, two PV panels, single digsekrator, single
fuel cell, single micro-turbine generator and atdrgtis allowed for examining the output to theldeon. The quadratic
function is employed for diesel generator to eviduidie price with cost parametexs= 0.00000738 = 0.066,y =

0.00454. The boundary limits for generation capagitsources are in the table 1. To point out utadety involved in PV
panels and wind turbine generator, the availabfeggion capacity and the electrical load for damtr on microgrid [20]
are expressed in two scenarios tabulated in tabled2epresented graphically in figure 1(a), 1B8¥l. rate of wind turbine

micro-turbine, PV panels and fuel cell [26] areutalbed in table 3.
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Table 10: Comparison of results of AMPSO and AFS Ajorithms for Scenario-1

Energy Consumed by each Generator in Percentage (%)
Optimization Algorithm | Ppvs | Peva | Pwr | Poiese | Pur Pec | Pgrig | Total Operation Cost (Euros)
AFS [20] 100| 100/ 10Q 93.97 88.75 88.p1 20,08 3540.0
AWCPSO 100| 100, 100 10Q 94.52 76.65 20.08 3520.7

Table 11: Comparison of Results of AMPSO and AFS Aorithms for Scenario-2

Energy Consumed by each Generator in Percentage (%)
Optimization Algorithm | Ppys | Pev2 | Pwr | Poiese | Pur Pec | Pgrig | Total Operation Cost (Euros)
AFS [20] 100| 100f 10Q 97.0p 93.11 71p5 22|11 3514.0
AWCPSO 100| 100, 100 98.95 92.56 6831 22.11 3490.60

The generation capacity of microgrid is the sumawéilable generation from renewable and conventiona
generators and the discharging power from storagie Tihe extra load which is unable to supply bycrogrid is
discarded. The scheduled problem is solved by aenedgy management method for both scenarios. titpeits obtained
from two scenarios are tabulated in tables 4, ® dttput tabulated in tables 4, 5 proves that taaned algorithm is
successful in holding a power balance between génarand load at every time interval considere@ni-tables 4, 5
make known that the aimed algorithm is intelligenallocate the maximum portion of generation ® lthw-priced power
generator. The aimed method is successful in usiedow-priced generator to the greatest level laigth cost generator

very scarcely as noticed from a result which isnairy objective in optimization.

The total available energy of each generator aaedjtiantity of energy that is consumed over 24 $iustrated
in table 6. The low-priced sources, PV1, PV2 paaels diesel generator make use of 100% of availedghacity in both
scenarios. The high-priced source, grid power wsey scarcely to the level of 20.08% and 22.11%\ilable capacity
in two scenarios correspondingly. The consumptiercgntage of the remaining sources is inverselpgmtnal to their
price of generation. Consumption percentages i talshow the aimed EM algorithm performance inimining the cost

of generation.

Tables 7 and 8 tabulate the optimal schedulingnef@y resources considering the generation coBVdf, PV2
and WT as 0.0307 Euros. Table 9 shows the consampgrcentage of PV1, PV2 and wind generators @84 @hich are

low-priced sources. It indicates that the planrgdrithm is successful in minimizing the overalihgeation cost.

Figures 2(a) and 2(b) shows the power exchangedagtunicrogrid and the battery in two scenarios.|d4ld
shows the comparison of results obtained from AWCGRSd AFS algorithms for scenario-1 and table Ikdéenario-2. It

shows that the overall generation cost by AWCPOrihm is less than the generation cost by usiR§ Algorithm [20].
CONCLUSIONS

Energy management method is planned using AWCPS8khitgue to work out the scheduling problem in arorigrid
allowing renewable, conventional energy generatststage units and load discarding over 24 houtb wai goal to
minimize the generation cost. The proposed metbagpplied to plan the sources, storage and loadmigg. Two PV
panels, one wind turbine, one micro-turbine, ored fell and a diesel generator are utilized ascgsuand a storage unit
for backup. Due to the uncertainty of RES, two sci®s are considered to approximate the availabheigtion capacity
from renewable resources and load. Results obtdoed the proposed method shows that the algorigsuccessfully
scheduling sources, battery exchange power andrpio@re main grid. Load discarding is done to bakatite load with

available generation if required due to the impletaton of DSEM. The proposed algorithm is effitiexs it uses the
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cheapest power sources to the maximum level aniestgpower sources very scarcely. The high-priged power is

utilized only when the remaining sources and pogvecharge from battery is exhausted. The percerdfgélization of

power from the sources in the algorithm is invergebpotional to their generation cost. The genenatost for scenario-1
/ scenario-2 using AWCPSO technique is 3520.7 03Bt&uros which is less than the generation cdstilzded from AFS
technique [20] is 3540 /3514.04 Euros.
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Nomenclature
*  Pgi(t) - Power generated frof ienewable generator dttime interval
*  Pg(t) - Power generated froi gonventional generator &t time interval
*  Primin Primax- Min and max available capacity frofrenewable generator
*  Pgjmini Pjmax- Min and max available capacity frofhidonventional generator

e PscAt), Psor(t) - Quantity of power charged and discharged fréhstorage unit af'ttime interval
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Pscnmaft), Psonmaft) Maximum charge and discharge rates of storajs u

SoGi(t) - State of charge of "rstorage unit afttime interval

S0G, min SOG, max - Mininum and maximum boundary points of stateludrge of 4] storage unit
nn - Charging or discharging efficiency of storage unit

Lm() - n"load att time interval

Liom(t) - Discarded ffiload at f time interval

Pyia(t) - Power drawn from grid af'time interval

Xri(t), Xi(t) - State vectors indicating ON or OFF conditiwin™ renewable and"jconventional generator &t t

time interval

Yri(t), Yci(t) - State vectors indicating start up conditidnii renewable and"jconventional generator &t ime

interval

Zgi(t), Zg(t) - State vectors indicating shut down conditifn i renewable and"j conventional generator &t t

time interval

SUki, SUg;- Start up cost of "irenewable andhjconventional generator

SDxi, SD;- Shut down cost of"irenewable andhjconventional generator

a, B,y - Quadratic function cost parameters of diesebgatior

Cri(t) - Bid rate of ' renewable generator 4ttime interval

OMg((t) - Operation and maintenance cost'tfeénewable generator &ttime interval

Ust) - State vector indicating the nature of exchiaggower of of ff storage unit af'ttime interval
Csi(t) - Cost / kwh of power supplied by'storage unit af'ttime interval

Ciom(t) - Compensation / kwh payable td'foad at f' time interval

Cyria(t) - Cost /kwh of power taken from grid

Viom(t) - State vector indicating the discarded conditof " load at t' time interval
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