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Optimization methods Generated power (kW) MPP power (kW) Precision (%)

‘ WOA 81.64 8346 9113
‘ EHO 84.46 86.72 95.47

‘ THBA 9327 96.57 98.48
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Technical parameter

Designation

Relationship

Objective

Cost of Pro in millions USD (M$) CPross [P-L x Ey x Ty (8760 hrs)] Minimize
Savings of Py in millions USD (MS) $Puse Pllyen=PlCu x 100 Maximize
Cost of active power for DG (S/MWh) cpGe ax Ppg?+bx Ppg+c, wherea=0,b=20,and ¢ =025 | Minimize

Cost of reactive power for DG (S/MVAR) €DGQ [C(Spe_a) = C(m ) <k, Minimize

=lixPw g _g5_

where Spg,, = ms ot ]






OPS/images/fenrg-12-1353071/fenrg-12-1353071-t003.jpg
65 bus

Year Active load (KW) 65 bus Reactive load (KVAR) 65 bus Apparent load (KVA) 65 bus Load growth

2020 3949.77 1912.97 4388.64 -

2025 4512.56 218554 501396 27%
2030 5155.54 2496.95 | 57283813 27%

Year Active load (KW) 75 bus Reactive load (KVAR) 75 bus Apparent load (KVA) 75 bus Load growth % 75 bus
2020 3949.77 191297 4388.64 -

2023 5988.14 I 2899.97 6653.39 [ 149

2025 6315.96 305884 | 7017.68 | 27

2028 10305.94 499111 1145228 | 1775

2030 10870 | 526424 10277.63 27
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DG siting and sizing
considering VSA_A- and
LMC-based parameters

Normal
case 2020

Optimal
case
2020_O

5-year non-
optimal case
2025

5-year

optimal case

2025_0

10-year non-

optimal case
2030

10-year
optimal case
2030_0

Active/reactive load (KW + jKVAR)

Grid active/reactive power (KW +

JKVAR)

DGI bus and size (KW + j KVAR)

DG2 @ bus and size (KW + j KVAR)

DG3 @ bus and size (KW + j KVAR)

DG4 @ bus and size (KW + j KVAR)

DG5 @ bus and size (KW + j KVAR)

Active pover loss (KW)

Reactive power loss (KVAR)

3949.77 +
j1912.97

401028 +
j1947.6

6051

34.63

3949.77
+j1912.97

1084.39 + j517.6

DG_5 @558 +
27025

DG_20 @ 441 +
21359

DG_40 @ 783 +
37922

DG_52@729 +
j353.07

DG_62 @ 414 +
20051

59.62

2127

451264 + j2185.82

1650.54 + 7993.66

DG_5 @558 +
27025

DG_20 @ 441 +
21359

DG_40 @ 783 +
37922

DG_52@ 729 +
j353.07

DG_62@ 414 +
20051

6290

2448

4512.64 + j2185.82

1389.52 + j666.94

DG_5 @558 +
27025

DG_20 @ 630 +
j305.12

DG_40 @ 855 +
jard1

DG_52 @729 +
j353.07

DG_62 @ 414 +
j20051

62.88

24.17

5155.65 + j2497.17

2036.89 + j982.99

DG_5 @558 +
27025

DG_20 @ 630 +
j305.12

DG_40 @ 855 +
ja141

DG_52 @729 +
j353.07

DG_62 @ 414 +
j200.51

67.24

28.87

5155.65 + j2497.17

1550.84 + 746.78

DG_5 @558 +
27025

DG_20 @ 720 +
j348.71

DG_40 @ 1170 +
1566.66

DG_52 @810 +
3923

DG_62 @ 414 +
j20051

67.19

2804
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Technical parameter Designati Relationship Objective
Active power loss (Pp,.) (KW) Prow ot Minimize
P Lo L % 054 5 ey
a
Reactive power loss (Qros) (KVAR) Quoss ml Minimize
Y Q™+ Y Qs
=
Active power loss minimization (%) Prosant Maximize
Reactive power loss minimization (%) Quosant Maximize
Penetration of DG by percentage (%) PDGP MooN Maximize
() Poc/ Y Pip) x 100
E= R
Voltage level (P.U.) VL V = 1.0 (reference voltage) Maximize
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EV
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IC
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PMSM

g-axis

SOC
SOH

Ta

Alternating current

Charge and Discharge rate
Lithium-ion batteries

Depth of Discharge

Energy storage system

Open circuit voltage
Resistor-capacitor circuit
Resistor capacitor inductor circuit
Equivalent circuit model
Non-linear Voltage, V

Constant Voltage, V

exponential

Electric Vehicle

Field-Oriented Control

Battery current (A)

Internal combustion

Polarization Constant

Three phase currents, A

Current across the inductor, A
&q'0'frame currents

Lithium Iron Phosphate

Lithium Ton

Maximum number of cycles

Heat generated during the charge-discharge cycle, W
Pseudo-Two-Dimensional
Permanent Magnet Synchronous Motor
Quadrature Axis

Internal resistance

State of Charge

State of Health

Ambient Temperature, K
Lifetime, h

Battery voltage, V

Maximum capacity temperature coefficient, Ah/K
Battery Aging Factor
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Parameter Ratings

Nominal Voltage 33V
Nominal Capacity 23 Ah

 Stndard Charge 3410 36V CCCV, 45 min
Rapid Charge 10 A to 3.6V CCCV, 15 min
Nominal Discharge Current 23A
Internal Resistance 10 mO
Discharge Cut-off Voltage 240V
Cell Weight 72g
Cell Dimensions 026 x 55 mm
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Discharge Rate (C) Operating Condition  Battery Temperature ("C)  DOD (%) ife (hours)  Kilometers (km)

0.5 Optimum 40 30 63265 h 316,325
Worst [ 60 | 80 | 22448 h 112240

1 Optimum 25 30 4,1002 h 205,010

Worst [ 60 | 80 1,302.1 h 65,105

2 Optimum 25 30 2,002 h 100,100

Worst | 60 80 6518 h 32590

4 Optimum 40 30 7726 h 38,630

Worst 60 80 3078 h 15,390
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Proposed work

Model/Method
Semi-empirical model - Power-law
relation with time (capacity loss),
Arthenius correlation (temperature

effect)

Experimental, 2nd equivalent circuit
model (ECM)

Modified Newman model

Electrical model

Power law equation for capacity loss,
Arrhenius correlation for temperature
effect

Electrical model

Gaussian process regression

Data-driven methods

Gaussian process regression

Arthenius correlation included in
charging/discharging along with DoD

Battery Type
Lithium manganese oxide

(LiMn204), Lithium-ion
phosphate (LiFePO4)

Lithium-ion

Lithium-ion

Lithium iron phosphate
(LiFePO4)

Lithium iron phosphate
(LiFePO4)

Lithium iron phosphate
(LiFePO4)

Lithium-ion

‘Three types of Lithium
batteries

‘Transfer learning and
recurrent neural network

Lithium-ion (Nickel
Manganese Cobalt)

Description

Comparative life cycle assessment of
LiMn204 and LiFePO4 for
addressing capacity fade

Establishment of the relation between
capacity loss and measurable
parameters

Study of the capacity fade of the
battery under cyclic loading
conditions

Development of a life cycle model
that investigates the battery life and
effect of fast charging

Development of a semi-empirical life

model
Prediction of SOH using capacity
estimation

Predict the SOC of the battery pack

Predict battery SOH

Predict remaining useful life based on
the optimized health indicators

Predict the lifetime of the battery
pack in hours

Results

‘The aging of LiFePod had almost
four times higher effect than
LiMn204

‘The capacity available decreases
with the increase in ohmic
resistance

Battery life is found to be
significantly affected by the
convective heat transfer
coefficient

‘The cycle life of the battery
degrades with an increase in
charge current rates

‘The power-law relationship can
represent life cycle data
‘The model has an average error

of 15% at the pack level

Estimation error under different
temperatures is lower than 3.9%

RMSE is lower than 1.3%

Error less than five cycles

At 4C/C lifetime decreases
by 328%
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Battery pack - lithium-ion

‘Three-Phase Inverter

PMSM Motor

PMSM Controller

Voltage - 327V

Power capacity - 39.2 kWh
180° Conduction Mode
Power - 100 kW

Torque - 395 Nm

FOC
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DG place/size
considering
VSA_A-LMC-
based
parameters

Activelreactve load (KW
+ JKVAR)

Grid activelreactive
power (KW + jKVAR)

DGI bus and size (KW +
JKVAR)

DG2 @ bus and size (KW
+JKVAR)

DG3 @ bus and size (KW
+JKVAR)

DG4 @ busand size (KW
+JKVAR)

DGS @ bus and size (KW
+JKVAR)
Active poser loss (KW),

Reactive porver loss
(KVAR)

391977 +
191297

01028 +
19476

6051

346

Optimal
case
2020_0

360133 KW +
j1750.14 KVAR

598814 KW +
1289997 KVAR

DG_5 = 360 KW
+]I74.36 KVAR

DG_18 =
20KW +
13077 KVAR

DGa2=
585 KW +
28333 KVAR

DG_i6 =
G0KW +
j305.12 KVAR
DG_70 =
630KW +
j305.12 KVAR
S KW

4587 KVAR

3-year non-
optimal
case 2023

393246 KW +
191267 KVAR

631596 KW +
305884 KVAR

DG_5 = 360 KW,
+]i7436 KVAR

DG_18 =270 KW,
+]13077 KVAR

DG_42 = 585 KW,
+ 28333 KVAR

DG_46 = 630 KW
+ 30512 KVAR

DG_70= 630 KW,
+ 30512 KVAR

9150 KW

5253 KVAR

3-year

optimal
case

20230

256613 KW +
121593 KVAR

598814 KW +
72899.97 KVAR

DG_5 = 423 KW
+ 20187 KVAR

DG_18 = 540 KW
+ 26153 KVAR

DG_i2 =882 KW
+j427.17 KVAR

DG_i6 =720 KW
+ 31871 KVAR

+457.68 KVAR

$7.99 KW

1592 KVAR

5-yearnon-  5-year
optimal optimal

case 2025 case
2025_0

WOTIOKW + 260918 KW +
JU076 KVAR | j1267.92 KVAR

GISSKW + | GISI6KW +
305884 KVAR | j3058.84 KVAR

DG5S = 23KW | DG_S = 423 KW
+ 20487 KVAR |+ j20487 KVAR

DG_IS =50 KW | DG_18 =630 KW
+j26153KVAR |+ j305.12 KVAR

DG_i2 = 882 KW | DG_2 =945 KW
4217 KVAR |+ 5768 KVAR

DG_i6 =720 KW | DG_i6 =510 KW
+JMB7LKVAR |+ 3923 KVAR

DG_70 =990 KW
4 J47948 KVAR
9123 KW 91.22KW
4872 KVAR 1853 KVAR

8-year non-
optimal case
2028

669128 KW +
1321628 KVAR

1030594 KW +
99111 KVAR

DG_S = 43 KW +
20187 KVAR

DG_18 = 630 KW +
j305.12 KVAR

DG_42 = 945 KW +
45768 KVAR

DG_16 = 810 KW +
73923 KVAR

DG_70=
990 KWA79.48 KVAR

18334 KW

9462 KVAR

8-year

optimal
case

2028_0

463837 KW +
227325 KVAR

1030594 KW +
9911 KVAR

DG_S = 405 KW,
+]196.15 KVAR

DG_18 = 837 KW
+ 40538 KVAR

DG_42
1395 KW +
j675.63 KVAR

90229 KVAR

18243 KW

8502 KVAR

10-year
non-
optimal
case 2030

521695 KW +
255029 KVAR

10870 KW +
1526424 KVAR

DG_S = 405 KW,
+j196.15 KVAR

DG_18 = 837 KW
+ 10538 KVAR

DG_a2 =
1395 KW+
j675.63 KVAR

DG_d6 =
1350 KW +
j653:84 KVAR

DG70 =
1863 KW +
90229 KVAR
19695 KW

11934 KVAR

10-year

optimal
case

2030_0

749 KW +
J2384.33 KVAR

10870 KW +
j5264.24 KVAR

DG_5 = 387 KW,
+ 18743 KVAR

DG_15 =
BSSKW ¢
4141 KVAR

DGi2=
1620 KW +
7846 KVAR

DG_i6 =
1395 KW +
67563 KVAR

DG_70=
1935 KW +
93716 KVAR
19690 KW

11901 KVAR
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DG siting and sizing Normal Optimal 5-year non- 5-year 10-year non- 10-year
considering VSA_B- and  case 2020 case optimal case  optimal case optimal case  optimal case
LMC-based parameters 2020_O 2025 2025_0 2030 2030_0
Active/reactive load (KW + jKVAR) 3949.77 + 394977 + 4512.64 + 218582 | 451264 + 218582 | 515565 + j2497.17 | 515565 + j2497.17
j1912.97 191297
Grid active/reactive power (KW + 401028 + 922,45 + j440.09 148862 + 71639 | 120061 + j57659 | 1847.99 + j892.89  1442.97 + 69625
JKVAR) j1947.6
DG bus and size (KW + jKVAR) - DG_5 @270 + DG_5 @270 + DG_5 @270 + DG_5 @270 + DG_5 @315 +
13077 13077 j13077 j13077 j152.56
DG2 @ bus and size (KW + jKVAR) - DG14@630+ DG 14@630+  DG_14@720 + DG_14 @ 720 + DG_14 @ 810 +
j305.12 j305.12 34871 34871 3923
DG3 @ bus and size (KW + JKVAR) - DG17@477+ = DG17@477+ | DG_17@630+ DG_17 @ 630 + DG_17 @ 720 +
23102 23102 j305.12 j305.12 34871
DG4 @ bus and size (KW + jKVAR) - DG38@855+ DG @855+  DG_38@ 900 + DG38@900+ | DG_38 @ 1080 +
ja141 141 435,89 435,89 j523.07
DG5 @ bus and size (KW + jKVAR) - DG 43 @855+ DG 43 @855+ DG 43 @855 + DG_43 @855 + DG_43 @ 855 +
ja14.1 4141 141 141 4.1
Active power loss (KW) 6051 59.68 6298 62.97 67.34 67.32
Reactive power loss (KVAR) 3463 223 25.68 25.36 3031 2082
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DG siting and sizing Normal Optimal 5-year non- 5-year 10-year non- 10-year

considering VSA_W-LMC- case 2020 case optimal case  optimal case  optimal case  optimal case
based parameters 2020_0 2025 2025_0 2030 2030_0
Active/reactive load (KW + jKVAR) 394977 + 394977 + 451264 + 218582 | 451264 + 218582 | 515565 +j2497.17 | 515565 + j2497.17
j1912.97 j1912.97

Grid active/reactive power (KW + 4010.28 + 1534.42 + j736.06 2100.59 + j1012.34 1677.56 + j807 232493 +j1123.1 1856.9 + j895.88

JKVAR) 1947.6

DG bus and size (KW + jKVAR) - DG_5 @ 360 + DG_5 @ 360 + DG_5 @ 423 + DG_5 @ 423 + DG_5 @ 468 +
17436 17436 20487 20487 226,66

| i |

DG2 @ bus and size (KW + jKVAR) - DG_17 @270+ | DG_17 @270+ DG_17 @405 + DG_17 @ 405 + DG_17 @ 423 +
13077 13077 j196.15 j196.15 j204.87

DG3 @ bus and size (KW + JKVAR) - DG38 @585+  DG_38 @585+ DG_38 @ 675 + DG_38 @ 675 + DG_38 @ 675 +
j283.33 28333 32692 j326.92 32692

DG4 @ bus and size (KW + jKVAR) - DG 42 @630+ | DG.42@630+ DG_42 @ 675 + DG_42 @ 675 + DG_42 @720 +
j305.12 j305.12 32692 j326.92 34871

DG5 @ bus and size (KW + jKVAR) - DG.62 @630+ | DG.62@630+ DG_62 @720 + DG_62 @720 + DG_62 @810 +
j305.12 j305.12 34871 j348.71 3923

Active power loss (KW) 60.51 50.65 6295 6292 67.28 67.25

Reactive power loss (KVAR) 34.63 2179 2522 2475 295 2893
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DG place/size Optimal ~ 3-yearnon-  3-year  S-yearnon-  S5-year  8-yearnon-  8-year 10-year 10-year

considering case  optimalcase optimalcase optimalcase  optimal  optimalcase optimalcase  non- optimal
VSA_A-LMC-based 2020_0 2023 2023_0 2025 case 2028 2028.0  optimalcase case
parameters 2025_0 2030 2030_0
Adivccactive load (KW + | 9877+ | 219699+ | JISLUKW s 29699KW+ | IRLIOKWe | 2M001KWe) | THBSSKWe | OSL2KWe | 7S4KW ) | 2SHLTKW )
KVAR) 191297 0652 | JISMISKVAR  JIOGSISKVAR | jIS6i47KVAR | 10866 KVAR | S3SIKVAR | JI2LOKVAR | 0SSIGKVAR | 125303 KVAR
Gridacivoiresctive pover | 401028+ | 914 | IAKW+  SSLMKW+ | GHSOSKW+ | @SISKW ) | I0NSSAKW s | 10XSSIKW ) | IOSOKW+j | IOSOKW+j
(KW + JKVAR) 9476 2997 | [997KVAR 289997 KVAR | OSRSIKVAR | JSRMKVAR | MSOLIIKVAR | SSLILKVAR | 56020 KVAR | 526024 KVAR
DG bus and size (KW + - DG5 @50+ | DG5=SS8KW+ DG5=S0KW DG5=358KW+ DGS5=SIOKW DGS@SHKW  DGS@SSKW | DO5@558KW | DG.5@ 630KW
KVAR) 76155 | j0ISKVAR | 426153 KVAR | j27025KVAR | +j26LS3KVAR | +]27025KVAR | +j28333 KVAR | +}27025KVAR | + 30512 KVAR
DG2 @ bus and size (KW + - DG2@9 | DG22=MIKW DG22=590KW  DG.2=60KW DGREEWKW  DG2e | DGR2EEKW  DG2e
KVAR) TH7AS | +RISSIKVAR | 4 J9SKVAR | +JOSIZKVAR | +J7948KVAR |+ POSIZKVAR | LSOKW+ | +[OSIZKVAR | LSOKW+
j65384 KVAR Jo5384 KVAR
DG @ bus and size (KW + = DG4 @85 | DG4 =78KW DG44=SSSKW DG44=855KW DG DGMEISKW  DGM@ | DGMEISKW DGite
KVAR) THIL | +PP2KVAR | MIAIKVAR | +AIIKVAR | IOSKW+ | +MIKVAR | IG0KW+ | s HILIKVAR | IG0KW+
852 KVAR 7845 KVAR 7848 KVAR
DG4 @ bus and size (KW + = DG57@ 1000 | DG57=79KW  DGS7= | DGS7=79KW | DG DG eIKW  DGSTe | DGSTemIKW | DGSTe
KVAR) G0 | eSMTKVAR | IOOKW+ ¢ POTKVAR | INSKW+ | +PSMO7KVAR | WOKW+ | +jS07KVAR | 493KW+
52307 KVAR 38545 KVAR 18743 KVAR 120792 KVAR
DGS @ bus and size (KW + = DG70@ 414 | DGI0-414KW DGJ0=414KW DGJ0=414KW DG70=4l4KW DG70@414KW DGI0@SOKW | DGI0@44KW | DG @
KVAR) 4051 | vJSIKVAR | +J200SIKVAR | +j00SIKVAR |+ 20051 KVAR |+ 20051 KVAR | +26LSYKVAR | +)20051KVAR | KW+
0512 KVAR
Acive power loss (KW) 051 285 oKW s KW KW 9105 KW 18361 KW 1803 KW 19844 KW 19047 KW

Reactive power loss (KVAR) | 3463 5o 1663 KVAR 139 KVAR 1868 KVAR 4S9 KVAR | 32577 KVAR 8798 KVAR 36397 KVAR | 11867 KVAR
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DG place/size Optimal ~ 3-yearnon-  3-year  S5-yearnon-  5-year  8-yearnon-  8-year 10-year 10-year

considering case  optimalcase  optimal  optimalcase  optimal  optimalcase  optimal  non-optimal  optimal
VSA_A-LMC- 2020_0 2023 case 2025 case 2028 case case 2030 case

based parameters 20230 2025_0 2028_0 2030_0

Adivractivelosd (KW + | 394977 + | 29893SKW+ | IROASKW+ | 2U62KW+ | DUTISKWs | 29526KWe | GZS9KW+ | ZSSOKW+ | MAIGKW+ | 2IKW+
KVAR) 191297 | jUSAOSKVAR | JIGI6SSKVAR | JIZA77KVAR | jI0S2KVAR | JIOGSZSKVAR | 3041 KVAR | JIGI3MKVAR | JUTOLI9KVAR | jl40192 KVAR

Grd acive/rescive power | 401028 + | SSSIAKW+ | GHSOKW ) | SOMLMKW+j | GUSOGKW+j  GSSSKW ) | I00SAKW ) | IONSOHKW+ | IOSOKW+  IOSOKW
(KW + KVAR) JI976 | PW9STKVAR | MSSSIKVAR | 29997 KVAR | NSSIKVAR | WSRMKVAR | 499LIKVAR | OSLUKVAR | [S26420KVAR  j526424 KVAR
DGI bus and size (KW + —  DG5=20KW | DGS=20KW  DGS=20KW | DG5=20KW  DG5=20KW DG5=20KW DG5=20KW | DGS=20KW+ DGS=315KW
KVAR) 413077 KVAR | 13077 KVAR | +]13077 KVAR | +]13077 KVAR | +) 1077 KVAR | +]i3077 KVAR | +j1077 KVAR | j077 KVAR | +}i5256 KVAR
DG2@busandsize(KW+ | — | DO_I4=630KW | DG_I4 =60KW  DG_I4=765KW DG_14=765KW DG_I4=792KW DG_I4=792KW  DG_I4 =783 KW DG_14=765 KW

JKVAR) +J0S12KVAR | +j30S12KVAR | +j37051 KVAR |+ 37051 KVAR |+ 38358 KVAR | + 38358 KVAR | + 37920 KVAR |+ 37922 KVAR  + 37051 KVAR

DG3 @ bus and size (KW + - DG_1S=477KW | DG_IS=477KW  DG_I DG_15 = DG_15 DGIS=  DGIS=IS0KW  DGIS=
JKVAR) SPBLOIKVAR | +j23L02KVAR | 1035 KW + 1035 KW + 1080 KW + ] I80KW+ |+ 778 KVAR | IS90KW +

j0127KVAR | js0127 KVAR  S52307KVAR | jS2307 KVAR  j871.78 KVAR 91537 KVAR
DG @ bus and size (KW + £ DG_i2=855 KW | DG42=855KW DG4 DG_a2= DG_12 DG_i: DGa2= | DG42=200KW  DG.2=
JKVAR) SJMIKVAR | +ILTKVAR 1035 KW + 1035 KW + 1080 KW+ j 1080 KW + 70KW+ | +JI0SKVAR | 2295 KW+

j0127 KVAR | 50127 KVAR  52307KVAR | js2307 KVAR  j10025 KVAR JIILS KVAR
DGS @ bus and size (KW + - DG_47=855 KW | DG_47 S55KW  DG47=85KW  DG.47=990KW  DG.47=%0KW  DG47= DG_7 =
JKVAR) +MUIKVAR | + 141 KVAR | +j4IL1KVAR | +ILIKVAR  +j47948KVAR +J7948KVAR  2700KW+ | +]I077 KVAR  2970KW +

11307.7 KVAR j1438.4 KVAR
Adtive power loss (KW) 051 8821 KW 9152 KW 8806 KW 9130 KW 9130 KW 18365 KW 18262 KW 19716 KW 197.10 KW

Reactive power loss 346 1919 KVAR 5285 KVAR 1672 KVAR 19,60 KVAR 4941 KVAR 9827 KVAR 8613 KVAR 122KVAR 12602 KVAR

(KVAR)
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Attack type Description

Physical attack © Tampering meter readings illegally

o By-passing meter readings using a magnet
o Fake metering

Cyber attack Eavesdropping on confidential information

Gaining privileged system access

Tampering with energy meter storage

Data attack Targeting the metering values

Purposely changing consumption to zero

Revealing the private information of the user
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Algorithm Pros Cons

(P&O) - Simple implementation - Slower tracking speed under full load with changing irradiance
- Good efficiency under full load with constant irradiance - Fails to track MPP under partial loads and changing irradiance
- May cause oscillations around MPP

(INC) - Simple implementation - Requires continuous sensor data

- Good efficiency under full load with constant irradiance - May struggle under rapidly changing irradiance
- May cause oscillations around MPP
(FLC) - Adapts well to changing conditions - Requires development of rule base
- Fast tracking speed under changing irradiance - May exhibit larger oscillations in output power
- Moderate complexity

(ANN) - Handles non-linearity effectively - Requires training data

- Very good efficiency under various conditions (except temperature variations) - Complex implementation

- No oscillations - May struggle under unforeseen operating conditions
(ANFIS) - Combines ANN and FLC benefits - Most complex of the presented algorithms

- Fastest tracking speed, especially under changing irradiance - Requires training data

- Very good efficiency (except temperature variations) - May struggle under unforeseen operating conditions

- No oscillations
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Descriptive feature Statistical feature

Maximum of weekend Mean of weekend
Minimum of weekend Mean of week
Total of week Auto-correlation
Maximum of week Median of week
Total of weekday Range
Maximum of weekdays Entropy
Total of weekend Quartile 25
 Minimum of week Standard deviation
Minimum of weekdays Quartile deviation
Minimum of weekend Coefficient of quartile deviation
Quartile 75
| Variance of week
Interquartile range
Mean of weekday
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Definition Attack class

Attack 3 (A) | @ =eun Price based
Attack 4 (A) ‘ a1 = a1, where &, is the mean of previous day i values, « = random (0.10.9) Price based
Attack 5 (A9) ‘ 1, where ., is the mean of previous Price based
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Algorithm

Advantages

Disadvantages

Suitable for
conditions

Reference

Incremental Conductance (INC)

Perturb and Observe (P&O)

Simple implementation

Simple implementation

Requires continuous sensor data

Oxcillates around MPP

Stable irradiance

Stable irradiance

Teulings et al. (1993)

Teulings et al. (1993)

Fuzzy Logic Control (FLC)

Artificial Neural Network (ANN)

Adaptive Neuro-Fuzzy Inference System
(ANFIS)

Adapts to changing conditions

Handles non-lincarity

Combines ANN and FLC
benefits

Requires rule base development

Requires training data

More complex than other
methods

|
|
|
|

Rapidly changing weather

Diverse irradiance and
temperature

Complex operating conditions

Ansari et al. (2010)

Allahabadi et al.
(2022)

‘Wasynezuk (1983)
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1 6299 3276
2 57.95 378 0
3 5543 3457 0
4 5165 39.06 0
I 5 50.39 3328 0
6 6299 1512 0
7 81.89 17.64 252
8 97.01 2142 10.08
9 n7.17 252 1638
10 12724 1312 252
1 12347 7.56 28.98
| 12 10835 1534 3024
13 99.53 63 28.98
14 9323 7.43 2646
15 97.01 17.64 2142
16 109.61 19.42 1638
17 1184 3143 1134
18 12221 34.02 252
19 12976 2268 0
20 136.06 189 0
21 12598 20.16 0
2 10583 18.57 0
23 89.45 3024 0
2 66.77 39.06 0
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Algorithm

particle swarm optimization

Paraments

Number of individuals in the population

particle swarm optimization Number of iterations 500
TLDDQN Greed rate 02
TLDDQN Learning rate 005
TLDDQN Power at the initial moment of the ES device 10
TLDDQN Maximum capacity of the ES device 2
TLDDQN Self-discharge rate of ES devices 0,001
TLDDQN Maintenance costs of ES devices 00012
TLDDQN Maximum output of gas turbines 65






OPS/images/fenrg-12-1448046/fenrg-12-1448046-g007.gif





OPS/images/fenrg-12-1366465/math_1.gif
(1)





OPS/images/fenrg-12-1366465/inline_99.gif





OPS/images/fenrg-12-1413252/fenrg-12-1413252-t003.jpg
PV array data

Parallel strings 4
Series-connected modules per string 6
Maximum Power (W) 20996
Cells per module (Ncell) 70
Open circuit voltage (V) 4159
Short-circuit current (A) 713
Voltage at maximum power point (V) 3381
Current at maximum power point (A) 621
Voc (%/deg.C) -0.36529
Isc (%/deg.C) 0057097
Irradiances (W/m?) 1,000

Temperature cell (deg.C) 25

Model Parameter

Light-generated current (A) 7.1824
Ip (A) 28024 x 107°

Diode ideality factor 096937

Rsh (ohms) 552029

Rs (ohms) 040559

Boost Converter Data

DC Link Capacitance (mF) 1
Inductance (uH) 4
Outer Capacitance (mF) 5
Switching Frequency (kHz) 20

DC Shunt Motor

Armature circuit resistance of winding (ohms) 12
Field circuit resistance of winding (chms) 2813
Inductance of the armature circuit (H) 0.1215

Field circuit inductance (H) 156
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Performance GA-PID (Guentri et al., 2021) MHS (Al-Dhaifallah et al., 2021) IHBA
Speed (km/hr.) 84 87 [ 91
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Performances SRM (Cheng et al., 2020) RI (Kanimozhi et al,, 2022) ~ ANN-PSO (Nouri et al., 2024) IHBA

- Efficiency (%) 922 ‘ 9.5 97 98.47

‘ V_THD (%) 495 ‘ - - 312
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Optimization methods V_THD (%) Efficiency (%) Power loss (KW)

| WOA | 379 ‘ 9148 l 0238
‘ EHO ‘ 348 [ 96,19 ‘ 0219

‘ THBA ‘ 312 ‘ 9847 ‘ 0.197
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Nomenclature

Abbreviations
Ipw ‘The PV cell output current

The photocurrent

I The current passing through the diode
Lt The shunt resistance current

K The Boltzmann constant

1 The charge of electron

Lrev The reverse current of the diode
r The cell temperature in kelvin (K)
Vv The PV cell output voltage

A The quality factor

Rt The shunt and series resistances of the equivalent circuit of PV
and Reeries system

Ve The converter's input voltage

Vie The converter’s output voltage
AV Depicts the drift in V.,

AVy The output voltage’s ripples

I PV maximum current

s The in V boost converter

Al The inductor ripple current

Py The PV array normal power

f The switching frequency

o Link capacitance of the PV array
o The capacitance of the DC link
D Depicts the converter’s duty ratio
Vo Open-circuit voltage

Viar The terminal voltage of the battery
Roat The battery internal resistance
ibat The battery current

Ve ‘The exponential voltage

k The polarization voltage

B The exponential capacity

Epatt The battery energy

Eload The load energy

Moot The BES efficiency

DOD Depth of discharge of BES

Eqen The energy supplied from RES
L The rotor armature current

Lorm The armature inductance

Vaem The armature voltage

Rurm ‘The armature winding resistance
Le ‘The field winding inductance

Ve The field voltage

Re The field winding resistance

Reon The control resistance of the field
w The rotor angular velocity

The motor torque constant

The load torque
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Technique Performance comparison

Ac B Re
SVM 0.710 0.656 0.836 0735 ‘
| LR 0.681 [ 0.682 | 0.169 0.270 ‘
KNN 0.665 [ 0463 | 0978 0.629 ‘
» NB 0.404 0324 | 0977 0.487
REC 070 0697 0697 | 0697
Our method 0923 0.817 | 0.945 0.877 ‘
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Revenue (e

40 years) (million$)

NPV (million$)

0 125 10.69 8 226 332
1 9.5 9.25 9 308 220
2 9.3 9.17 9 30.2 2.065
3 135 1116 7 217 410
4 10 9.61 8 26.16 304
5 9.5 9.54 8 27 290
6 39 3.03 32 136.36 19.08
7 399 331 31 133.69 18.24
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Technique Performance comparison

Ac B Re
SVM 0.817 0672 0773 0719 ‘
| LR 079 [ 0718 | 0550 0.623 ‘
KNN 0.740 [ 0538 | 0740 0.694 ‘
» NB 0.507 0378 | 0976 0.545
REC 0.692 0697 0697 | 0697
Our method 0.905 0.799. | 0917 0.854 ‘






OPS/images/fenrg-12-1365735/fenrg-12-1365735-t004.jpg
Season Winter Spring Summer Autumn

Case no. Total Total Total Total Total Total Total
surplus deficit surplus surplus deficit surplus deficit
power (kW) power power (kW) power (kW) power power (kW) power
(kW) (kW) (kW)
0 396 4082 507 3626 0 7,067 451 3,854
1 915 2019 2,165 1152 438 3446 1501 1,607
2 1,095 2726 1456 1288 704 3387 1332 1942
3 0 3,808 0 3,180 0 7,067 0 3,605
4 0 1420 878 0 0 2,990 261 630
5 273 2025 707 573 0 2816 438 1,275
6 2173 1223 4635 334 2461 1,084 3342 636
7 879 0 3,886 0 1487 0 2401 0
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Technique Performance comparison

Ac B Re
SVM 0.717 0.656 0.836 0735 ‘
| LR 0.694 [ 0.682 | 0.169 0.270 ‘
KNN 0.637 [ 0437 | 0972 0.603 ‘
» NB 0.334 0294 | 0.966 0.451
REC 0.670 0697 0697 | 0697
Our method 0.839 0.736 | 0.675. 0.704 ‘
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Parameter Value Parameter Value
Reactor size (kWe) 1,000 Refueling cost of the fuel module ($) 20 million
Plant lifetime (years) 40 Core lifetime (years) 10
Overnight capital cost ($/kWe) 15,000 Decommissioning cost ($/MWh) 5
Fixed O8M cost ($/kWe) 350 Capacity factor (%) 9
Fuel cost ($/MWh) 10 Plant efficiency (%) 40
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Technique Performance comparison

Ac B Re
SVM 0.670 0.656 0.836 0735 ‘
| LR 0.700 [ 0.682 | 0.169 0.270 ‘
KNN 0.663 [ 0484 | 0337 0.397 ‘
» NB 0.585 0439 | 0921 0.594
REC 0.800 0697 0697 | 0697
Our method 0.848 0.740 | 0.831 0.783 ‘
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Developer

Westinghouse,
United States

NuScale, United States ‘
OKlo, United States
LeadCold, Sweden

HolosGen, United States ‘
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Technique Performance comparison

Ac B Re
SVM 0.838 0.656 0.836 0735 ‘
| LR 0.834 [ 0671 | 0753 0710 ‘
KNN 0.793 [ 0598 | 0712 0.650 ‘
» NB 0.727 0496 | 0932 0.648
REC 0.841 0.692 om0 | o715
Our method 0.852 0.694 | 0.808. 0.747 ‘
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Case VSMR PV
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1 v v x x
2 v 3% v x
3 v x % v
4 v v % v
5 v x v v
6 v v v x
7 v v v v
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Description Impact on efficiency

Load vs. no- | Loaded system experiences fewer energy losses, leading to higher efficiency | Operating with aload generally improves | Cases 1 and 2 (full load vs.
load efficiency no load)

Fault tolerance | BES ensures uninterrupted power during faults, but additional power conversions | The trade-off between reliability and peak | Cases 3 (fault analysis)
‘might decrease efficiency efficiency
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Microgrid
Dynamics and
Control

Virtual Inertia
Control (VIC)

Advanced
Control
Strategies

Islanding
Detection
Methods

scription

‘This study investigates the interplay
between Distributed Energy
Resources (DERs) inside a microgrid
and control systems, with a specific
‘emphasis on maintaining voltage
stability, frequency stability, and
equitable power distribution to fulfill
the total energy requirements

A software-based method replicates
the conventional flywheel effect in
generators that use inverters, thereby
improving frequency stability,
especially in microgrids with a
significant amount of renewable
energy integration

Apply modern methodologies such as
Optimal Power Flow Control,
Networked Control Systems, and
Machine Learning Control to
optimize the operation of microgrids
and improve their resilience

“This paper details the procedure for
detecting the disconnection of a
microgrid from the primary grid,
guaranteeing prompt isolation to
avoid any potential safety risks and
equipment harm

Advantages

‘The method enables smooth
operation in both grid-connected and
islanded modes, while improving
power quality and dependability

‘The proposed method improves the
frequency responsiveness in the event
of abrupt load increases or power
fluctuations, hence enhancing the
ability of islanded microgrids to
withstand disruptions in the power
grid

‘The system improves the efficiency,
dependability, and cost-efficiency of
‘microgrid operation by allowing for
immediate adjustment to fluctuations
in load and generation patterns

‘The system’s safety and reliability are
improved, while ensuring the
protection of utilty personnel and
equipment

Disadvantages

Increased DER integration can
complicate control strategies, and tuning
controllers for optimal performance
under varying conditions can be
challenging

Precise system modeling is necessary for
effective implementation when control
algorithms get more complicated

Integrating machine learning algorithms
into a system design and implementation
might lead to the need for substantial
computer resources and increased data
complexity

Grid detection technologies are
susceptible to noise or sudden changes,
thus it is essential to maintain a balance
between power supply and demand when
operating in islanding mode
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14 7.6 0 0 0 0 0 0 0 0

15 44 7.6 0 0 0 0 0 0 0 0
16 0 44 7.6 0 0 0 0 0 0 0
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