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! Constant Voltage Method (CV) / The Best Fixed Voltage Method (BFV)
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! Open-Circuit Voltage Method
2 Fill Factor (FF)
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! Open-Circuit Voltage Pilot PV Cell Method
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! The Temperature Gradient Algorithm (TG)

2 The Temperature Parametric Method (TP)

% Feedback Voltage or Current Method

4 P-n Junction drop Voltage Tracking Technique (Excellent Operating Point
Tracker)
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! The Only-current Photovoltaic Method
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! PV Output Senseless Control Method (POS)
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! Perturb and Observe Method (P&O)
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! Modified P&O with Fixed Perturbation Step
2 Conventional P&O with Adaptive Perturbation
3 Modified P&O with Adaptive Perturbation
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! Three-point Weight Comparison Method
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! DC-Link Capacitor Droop Control Method
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! Array Reconfiguration Method
2 MPPT with a Variable Indicator
3 Buck Converter
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! State-based MPPT Method
2 Linear Reoriented Coordinates Method (LRCM)
3 Curve-fitting Method

—s#H] = ] v wisie i EXEB



e

3,
2
D4
1‘—-
3
23
I
43
Y
25
y 3
QY

S 2 e

\‘jL:‘.""""Jé'.’." uiij) 2—-‘
ol e Cowsar (YY) galslas J= UMPP e S, il 5o

dPPV dIPV dVPV
dt = Vey and PTG T:

o0 Ol 03 @ls 50 ABl o Vb galalas - 6 (6 58 (Sl S a3 s )
Dl Al aS 35 39 9 Slewslows al> 6 A

Vv s, Seslil e

Ipv g Sell @

dt u:uu..:ﬁl dLa) BB dVPV jL"J) QL.:.;;J ng:goj‘.u‘ o

=0 (32)

dt alezet gley e 5o dlpy oL > Ol (5, So3lusl @

d|ijva Ufﬁ‘}ﬁﬁb Chmles @

devj|pv u}wu\.&b— &4—:...»\}54 °

S e 53 ma fool Ganle @

G 5l (5,505 Coon 53 wline 5LEEN K L odss apsloes Cw;‘_}.ab- Chmslie @

s Shas

Ll ol 55 800 lloms - o S Bl i b ol Lol §ramms aslir
3,8 dalgs jasein [ MPP 4 oy 6l 5l 5550 Oledat Cgr a5 U
Y.\ﬂ)\.ﬂ‘dfﬁjj) 0=
ol o3 sl e 0T 5 Sk e 2 PV 0l Sl Stmloes Glie 5 o) o)
Zg:,..w‘ CJJQA YiYi d)L’u ‘}:})

_dPpy dlpy (33)

S=——=Ipy+Vpyp——
vy PV TPV

555 ) 33 e MPP Joes o 5 Shas 55 Cgom (G0uiiS yasednn S ol p3 48

ol I 33 pl 23 pdo oo &y 50 DCIDC Jutos J 58 3l oslisd b ST alais Lo,

0332 e 48 035 g 03l (Y8) (gabaily b ol gy 0l 03,8 e sl U sl )y 5l a8
el &g LIS (33 iy Slire 3 T 032 S0 5 0352 5L Slms 4 el

u=0 =0

u=1 <0

1 Differentiation Method
2 Slide Control Method



dP/dILdP/dV Kud J a8 Ay, 0-1

9358 o0 dales 0155 te (5, 31 APpv/dlpy L dPpv/dVey ol Jlads sy ol o
Gars b oS e Dope oLl (ol Jho 0T )5 cob &S gleal Jhe (seousa
P95 b gm0 Ll oo Je 5 Shas (5093 5l de ¢ kS (glaoyss 3 ol Consay Codle
353 Jols MPP L st

' 3320 Sl da o9 V-1

da3 o 5 Sy MPP 508l o 0T 315 40 Cans PV 0l Jomil s slie 55 1C s,
S e osliul (Y1) 5(Yo) O¥sles 3l o9 O é‘j)) -L&LJML}?«MJL.Q:Y‘) J.ab PLY

dPpy  d(Vpylpy) dlpy

= =] V, =0 35
Aoy dvpy pv + Vpy AVpy (35)
Vev - _ dVey (36)
Ipy dlpy

dlpy 5 dVpy ,slis 5 Llediosls ruled 55 & 5 Y sla S 55 (¥1) 5(Yo) S¥slae
Pl o sty ) il )
AVpy (tz) = AVpy (tz) = Vpy(t2) — Vey (1) (37)

dlpy(ty) = Alpy(tz) = Ipy(ty) — Ipy(t) (38)

L MPP & Cos PV 5 Slas gabads (35 S35 b s gl srie (Y1) selslas o

Cﬁw\aMWYZL}.{-:JDJJJd\QL}JJAQ)%—}L; J‘."sg;‘g.)'.‘.t"“"

v, AV,
- atMmpP

Ipy Alpy

v, AV,

e -2 left toMPP
Ipy Alpy

v, 4V,

Vs =2 right to MPP
Ipy Alpy

! Incremental Conductance Method (1C)

ﬁ*,%] ~ %’*H‘F‘% VE Y s sl oslat « Jsl Ul %%{



S9SN sla sy Sas e g%é%g “ %

Sy 3 slad sl 5o ol5 Sl

g;.’lf.D)

Measure
Vev(ty), lev(ty)

y
| Wait | +—
v

Measure
Vev(tis1), lpv(tsq)

v

Calculate
AVpy=Vpy(tis1)-Vpv(ty)
Alpy=lpy(tis1)=lpv(ti)

// VPV”PV\\\\\ Yes
\?\AvaIAIPy///
\\\. '//
y No

e ~
7 Veulley

_ . -
T eAVey/Alpy
\“\
Yes N~ /1 No

Viv(tis3)=Vey(t.2)-C Veu(tis3)=Vey(tis2)+C

| J
IC sy oplrs 1Y € IS0

30 & L et S o W) g rely alpr s T e Tl s s ol
ol agy SlS P&O 35, 45 Jail s 53 <l .5y)s MPP s> (6 28 Sliluys P&O
Mo 4 S 3 IS s el plas b s dalsi L8 1C s b o ool sl
(Ghislain Remy 2011).c.ils dalys 505 glodaey J 28
erie gl b (53920 J S sy AT
C«w\&ﬁbww\bﬂ.«;w\oﬁ;}}jdw |C&3)J§_’;AWC}.3\)>
oS ey (o 4 0 Koo b s 5580 555 sladdy sl L MPP (55 50 &8
Olye o slacy 5o 51 48 0l il Sblug 5 Vb o Sl St o5 o) 53 S o0
P

¥

Y

o

! Variable Step Incremental Conductance Method



PPCHRS PPN E

Lld o 55 Cap oms PV Jgow JS1 315 31 a8 Sls -pl L aslb s IC sy alis
U PC 55 o355 00 PV 5 Slas s s sl el oo 535 31 el sl ok
03,8 aliol b a8 s o3linad MPP Iowe (33551 sy (sl 0T 51 5 A o malS 1y Uas
1l eal 53 Ol AL

C=k <VPV(n)IPV(n) = Vey(n — Dlpy(n — 1))

Vey(n) = Vpy(n — 1) )
K 5 a5 pas g5 el 53 PV ol > 5 5 slie Ipv(N) 5 Vev(N) o 55 «S

(40)

)3 3 5 0L Gl a5 ASL e el o

dVpy
Ic(t) = Cap? (41)
Iy (©) = F(Vpy (D)) + CapVgV(t) (42)
Poy (t) = [F(Vpy () + CapVor ()] Vpy () (43)

el 22ls b MPP & g 61

ap, ar (v,
e = L i 04 F(0) =0 -

dF(VPV(t)) _ F(va(t))
dVpy (t) V(@
.J\.A.su.a QL:Z& b u.':lg;.il.bh Q\ w\JWjébwg\Aﬁ(io)éﬂ:w%w
:.,\.Jua Cewddy JSTU ldde Sdoes L;;d.’;:w L

dF(VpV(t)) c <V”pv(t) VPV(t)) + F(va(t)) _

(45)

dVpy (1) T @ V@) Ve (46)

B Uij) .\ 9
Gob 3 Bl i salaly 3 035 e s L5 MPP 5 cal 5 315 5
g 5 J"‘L" Sy 9> d}l-w jwj_dlgﬁ- (GhSeinn LJL,T
I
B =In (Vﬂ) —cVpy = In(I,c) (47)

PV
Ol @313 53 Bl 3523 ol lgie 4 C 5 usSias £l 0L 2 (gedulas Is o )5 48

ggi).sl.n;cxsu.}l.a).Ml:.&.&\;}éﬁb@ﬂ,{jw\c\:ﬁqbu:@kﬁjﬁ)l.&aw
(35 Jal g e 03 9does SO 3 35 MPP s B o3Il cloled 1k _pwasedns (503 5ukous
Cﬁl)b)LS@;&dlj w&)bjwbwubu;bbwhsméff Bmin456j>dd..g
P laie Sl C5 oS 35 e ealinad Pslression olye 0 Pa s Po ol 2

! Parasitic Capacitance Method (PC)

b4
)

%»}Hp% VEAY flie oJsl oslet ¢ sl Jlo %%

-
—

s



by (S s s S
el 5 Gladghes 55 ol sSTu

EH i+

¥

Yy

o

Y0 IS )3 e ool Sl sl il o alaod 0T 5 By oles Ty o 5 e

RO PRTEAV-PR U
5 Read V(k), I(k) and
calculate P(k)
Calculate g
Yes No

3min < ﬁ < Bmax

Switch to another tracking | Error =g, -B,
method by using M as duty v
cycle \ M=M+Error I

v

P orss olyslsye S
2B s sb MPP S5 55 PV s 5 ol oS le Llesls olis ba 2ol 3T
=t 03Ul MPP o (oo sl (Shas e 31 20,8 Al (lagh (S8 (Gensioms
laaly s sl oo YU Sl SIS oo oS5 (6350 slaaly Sl osliial &y g0 53 555
Wbls daly 50 Jsd BB s e ot 5 bl S35 5 el S S

Vmer 9 Inpp (stwles gi'.b A=A

Cewsty PVl > s libial (galslas 4 a5 U MPP 35U 5 oL > islie by ol o
53,500t 4 s 335 J3ls S (J 8 Sod 5 ctalons plonil Ol T s
il o 3 Sy se w0 PV (lg sabaly 235 S oo e3liisl MPP

Py = Vpylpy = Ipy Vs + B(T — Tref) + Ryl

I
- % [Rs + k(T — Tyef)] | Ns (48)
P

sl s aTers T oy (oo o s 5 e als s Vs ol ps oS
)\MNSJW@xﬁ'%rpkc&idﬂQﬂ)w Rs ‘&LAJ%J,@B(.UU}LL#\LQLA.S



S50 4 MPP L > 5 515 slie lpv 4 ol Prv (e 5l dies 00l (6 o sl J

kel Ll Cosay Jed

Iupp
_&Vs +.B(T_Tref)+Rsls (49)
2 Re+ k(T —Trer)
Ns
Vupp = 7Vs + ,B(T - Tref) + Rsls (50)

Kodogh g e o) b 2Ly LSS LY

'3 hate S Sy NV

S 1) s Ladish (Lgd oo atlo 550 sl wlul oS Slaobs,
o 3 656 xS Logas S o JWs 5 1 |y MPP sls 385 Lagl 355
sl o 53 03 S50 8 5 edalin Jad T3S0 il ds | S5 al e
o e Sl ogd BB Slaite 4 63505 e lasi (Slede U
Sote o (SsS it ESp e 3l (956 Sl w55 1S 58
5 (E) Uas K Loges (530 e ediiSJ 8 slagsagys S Cute 5 1SS
5 (0)) OVl 53 Lol go)sT Cowsay (Gogos a5 Aib o (AE) Uax 55 Ol i

sl ol jaseins (OY)
E(n) = Vpy (M)Ipy (n) — Vpy(n — Dlpy(n — 1) 1)
Vpy(n) — Vpy(n — 1)

AE(n) =E(n) —E(n—1) (52)
S S s A e glaiie 4 LT saer 5 5 AE B gamlbowe 1

a5 b o 3,500 (50,55 Ol oS (3l 50 45 el Al Cows 40 Y1 IS 3lae (550

0L 3 eSS 3o b 3l 4 (035Gl et gl e 03 gk e lalis T 4

Lol s 5s gy o) .;j..i:da&@JM&&M&B;@JUTJ@@&)G@M

@aj@»wéwopw@;gulww,ts&f@ﬂ;&@lﬁjq

(Hossain, Khan et al. 2011).s,ls

! Fuzzy Logic Control

2 Fuzzification

% Rule-base Lookup Table
4 Defuzzification
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® Negative Small (NS)

7 Zero (ZE)

8 Positive Small (PS)

® Positive Big (PB)
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! Biological Swarm Chasing Algorithm
2 Particle Swarm Optimization Method (PSO)
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CIRCUIT AND Raren Recovery VoLTAGE SHORT-CIRCUIT CURRENT RatED SHORT-CIRCUIT CURRENT
Raren Maximum SHORT-TIME Peax Vourage,  TimE To CummeNt  Peax Voutage TiMETO  CURRENT Peak Time 1o
Vourage (V) KFacton Cusnewr (WA rms)  E, (V), Peax  Peax, T,(us) (kArms)  (KV), Peax  Peax (us) (kArms) Vourace (kV) PEAX (us)
245 1 63 431 520 19 487 30.3 44 505 438
362 1 40 637 775 12 720 40.7 28 745 63.2
362 1 63 637 775 19 720 371 44 745 55.7
550 1 40 968 1325 12 1004 490 28 1133 76.1
550 1 63 968 1325 19 1004 447 44 1133 639
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Standard values of TRV rep d by four pa for short-line fault and out-of-phase fault test dutics.
Rated i TRV
Wl Fintpole | Amplitude First Thet i Time Time | Voltage | Time o
to clear factor reference @) delay
voltage value
Line Test duty factor voltage (L]
m e S . iy
No. / ky ky w & P u I
U, I ps ", W KV s
KV.rms pa pe A w » "
Col I Col2 Col 3 Cold Col § Col 6 Col 7 Col 8 Col 9 Col 10 Col Il Col 12
I 123 Terminal fault 15 140 [IE} % 2 24 2 n X 2
2 3 Short line fault 10 140 % k) i 152 2 8 2 2
3 123 Out-of-phase 28 125 188 13 kil 482 2 o sl 167
1 145 Termmal fault 15 140 133 67 bl 2%8 2 67 3 2
] 145 Short line fault 10 140 89 “ 166 178 2 “ u 2
6 145 Out-of-phase 2 128 n 133 N f13d 2 m 8 167
7 170 Termmnal fault 15 140 156 ] 21 n 2 B 4 2
8 170 Short line fault 10 140 104 2 194 28 2 2 b-] 2
9 170 Out-of-phase 2000 128 208 135 ) Ml 2 104 Ly 15
N 10 u*4s Termmal fault 15 140 s " 2 452 2 1n s 2
] u*5 Short line fault 10 140 150 » 0 300 2 » L 2
] A4S Out-of-phase 2006) 128 300 19§ 500 m 3 150 » (&)
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Quantum nanophotonics and quantum computing:
prospects, challenges, proposals

Reza Ebrahimi?

Abstract

In this article, the link between nanophotonics and the science of quantum
technologies is considered. Such an interdisciplinary approach may serve
as a starting point for the development of breakthrough technologies.
Several new directions, including strong light-matter coupling,
topological photonics, metasurfaces and photon sources, and suspended
optomechanics have been addressed in quantum nanophotonics. We hope
that this review will foster an enhanced interaction between the
nanophotonics and quantum science communities. Such synergy leads to
the realization of new communication, sensory and information
processing systems. In this article, explanations are given about quantum
computing and the applications of computing in various fields, quantum
optics, quantum telecommunications, and after introducing Rydberg
atoms and their properties, the progress made in the construction of
Rydberg quantum computers in the atomic network is reviewed. Then, the
application of Rydberg atoms in quantum optics and its use in the
production of a single-photon source and a two-photon gate are presented.
In the last part of the article, suggestions are also given.

Keywords: nanophotonics, quantum technologies, quantum computing,
guantum optics, qguantum telecommunications.

tNanophotonics engineering master student, University of Tehran, Tehran, Iran



A review of supercapacitor modeling
Sayed Mohammad Sajjadi'*, Mohammad Montazeri*

Abstract

Energy storage systems play a prominent role in diversifying the energy
portfolio. Supercapacitors can be mentioned among the newest
generations of energy storage. Supercapacitors are gaining a special place
in the storage discussion due to their high energy density, good efficiency
and long life without the need for special maintenance. These things have
caused supercapacitors to become an attractive subject for research and
study by researchers. This review article has examined the studies that
have been done for the modeling of supercapacitors in order to better
understand the behavior and utilization of supercapacitors in different
conditions. Due to the great interest in modeling these systems, many
articles have been published in this field in which modeling techniques are
classified, explained and compared. Also, the strengths and weaknesses of
each model are examined and the experimental techniques used to
measure the properties of the model are described. Finally, the analyzes
show the expansion of the supercapacitors market at present.

Keywords: Supercapacitor, storage, modeling, energy.

! Master's student in Renewable Energy Engineering, Faculty of Modern
Sciences and Technologies, University of Tehran, Tehran, Iran
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Introduction and review of Transient Recovery Voltages
and its case simulation in EMTP_RYV software

Abdallah Halimit

Abstract

Transient recovery voltage (TRV) is one of the characteristics inherent in
the power system, and its maximum and increasing speed are important
factors that affect the switching process in the power system. When a
power system has characteristics of TRV, it means that the voltage is
higher than the tolerance range of the switches and the circuit breakers
may not interrupt the fault current. In this article, the types of overvoltages
in the power system have been investigated first. In the following,
overvoltages caused by switching (an important phenomenon in the power
network) are introduced. The importance of investigating this issue is the
effect of these overvoltages during the operation of power switches, which
are affected by the existence of different structures, the occurrence of
different errors with different waveforms and structures due to the
complexity of power networks. The presence of these different waveforms
will have a direct effect on the performance of the power switches, which
may not be able to withstand these stresses and the circuit may fail. On the
other hand, the failed operation of the keys in error conditions will have
the possibility of causing damage to the network during critical conditions.
In the continuation of this research, in order to observe the stresses
resulting from keying, case simulation has been done in EMTP_RV
transient mode software.

Keywords: recovery overvoltage, switch, peak voltage, RRRV.

! Master's student of power systems at K. N. Toosi University of
Technology, Tehran, Iran



Review of Afghanistan's Renewable Energy Sector:
Prospects and Challenges

Mohammad Faisal Kashifi, Prof. Dr. Ing. Martin Garbrecht

Abstract

Energy availability is critical not just for economic progress, but also for
any attempt to enhance a country's health and social welfare. Afghanistan's
energy industry is in disarray as a result of many years of conflict and
neglect. Despite foreign organizations' assistance and recent energy
regulations, Afghanistan lacks widespread access to power. Furthermore,
the electricity supply is distributed irregularly in the dwellings. There is
an increasing imbalance between demand and supply, and current demand
forecasts do not reflect reality due to slowed economic development. The
capacity of Afghanistan's power industry to become self-sufficient in
electricity generation would be critical to its sustainability and security.
Thus, the goal of this research is to review Afghanistan's present energy
situation and to identify energy prospects for self-sufficiency as well as
problems in many parts of energy sources. Afghanistan can develop its
indigenous hydrocarbon and renewable energy resources to fulfill energy
demand. Afghanistan can meet its primary energy needs by increasing its
domestic energy potential from natural resources. Furthermore, with the
proper and planned execution of renewable energy policies, energy
efficiency objectives, and strategies, Afghanistan may achieve energy
self-sufficiency goals while also advancing socioeconomic growth.

Keywords: Electricity, Energy, Renewable Energy, Afghanistan.
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Improvement of divergent clay soil using waste materials:
fly ash, rice husk ash and lime

Morteza Mobalegh?

Abstract

With the industrialization of production, industrial by-products are being
produced on a large scale; As a result, they have created risks for the
environment. The direct disposal of these waste materials such as fly ash,
stone powder, construction material waste and agricultural waste has
created potential threats to the ecosystem and the existence of urgent
solutions is felt in this field. One of the appropriate solutions is to use these
waste materials as infrastructure improvers or to add them to cement
stabilizing mixtures. In the present study, compaction and resistance
properties of soil improved with various waste materials such as lime, fly
ash and rice husk ash have been investigated. The results of this research
state that this waste material has significantly improved the engineering
properties of the soil.

Keywords: Soil improvement, waste industrial materials, maximum dry
weight, Atterberg range, unlimited compressive strength.
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An overview of the electronical methods of maximum
power point tracking in solar cells

Mohammad Montazeri!

Abstract

One of the most important cases in using solar cells is tracking the
maximum power point of the PV output, which is done in order to increase
the efficiency of these systems. In fact, a system is in the highest efficiency
when it is at the maximum point of its output. Until now, the operation
methods for tracking the maximum power point have been obtained.
Electronic methods have the advantage of lower maintenance and repair
costs and have been studied more in recent years. In this study, the
different types of electronic methods used for tracking the power of solar
cells have been introduced, the advantages and disadvantages of each have
been mentioned and compared.

Keywords: Electricity, Solar cell, Photovoltaic, Maximum power
tracking, Electronic methods.
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