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| NTRODUCTION _
Anificial intelligence 1S defined as the science and
o of making intelligent machines where intelligent-
havior can cmerge from complex systems. Al is also
igent Agents, where an intelligent agent is a
o its environment and then takes actions to
rits chances of success. Load Flow Analysis
(LFA) is an important step which helps us to plan ahead in the
solution and improvement of power network. Traditional
methods (e.g. NR and GS techniques) are frequently used.
However. these traditional methods experience slow
convergence issues and the local optimality issue. Thus, there are
nceds for alternative LFA techniques like some modern nature-
inspired meta-heuristic algorithms which include Cuckoo
Search Algorithm (CSA), Genetic Algorithm (GA), Particle
$warm Optimization (PSO), as well as Artificial Bee Colony
(ABC). The ABC has been recently shown to have some delayed
convergence and local optimality issucs. [nvestigating the impact
of variants of the ABC in the LFA and also determine the lin¢
flows and losses of a typical power system network in Nigeria.
- -T]j[c. objectives of this work is to develop 2 sla‘ndard
ABC) IISI{I ligence model based on the Artificial Bee Colony
iy r:;fmilnu the voltage magmtqde, phase angle_ of lgad
S ko oot} ;ﬂt reactive power flows In the transmission line.
ol Sysl:fl g n]: tool developed above in load flow gmdlcs ofa
ABC 01 he e‘;fWUﬂf to investigate the effect of variants of the
”““Urk‘*'“hfch (?T_m""‘:ﬂ of the load flow of a power system
The r{:si:‘;-'.llu the standard model. _
SYSEm network i"aflﬁll bothers on the 132KV Nigerian power
" feld suryey ?,‘L;dy state. Network data will be obtainéd
rnsnyiggjon bluu:,) the power station in the lkeja West 132kv
:Ismﬁcam for the mn_ dT_I_lc result and inference of this work 15
ah][h- PO lines per’_" ification and control of the 35bus nEL¥or
i ormance to enhance the efficiency and 102

Y of the pe
work for f; B
Lorithy, tk for future purposes using artificial bee

engineerin
ceming be
the study of Intell
system that perceiv
ke full advantage 0

1, LIT
ITER ;
RESEAp - ATURE :
EARcy REVIEW AND THEORY OF THE

Luad fle
OWanalysis ¢
lysis cannot be left out in power system

n T-1est; and on the other hand, there exisy
sponding to a significant distance from ;:e' r:a Tc}?::BC_g

the bus veltage, line losses a

bk e nd phase e ral
The ‘: j‘"’j of simulations revealed ;;,:::‘}:fﬁ;;g;j :::’;ﬂ?ﬁ V Nigerian sub-transmission power system
correlated i.e. not significantly differeny from zero, with a p-

les solved by the ABC_normal and ABC_gbest
value of about 0.3033 and 0.2029 respectively
lation between the ABC_normal and ABC_mfe_controlled
best also fared better giving the least cost or power

Ariificial Intelligence, Artificial Bee Colony, Load Flow Analysis, Employed Bees.

n; rather it is an essential study that needs to be
carried out to evaluate the steady operating condition of the
system under normal condition as regards system paramelers
such as, voltages, the real and reactive power and losses.
transformer tap settings and other line parameters [3].

Numerical methods of solution have been employed
overthe years despite its challenges and limitations

Among the various numerical methods of solution
employed for load flow analysis (LFA), Newton-Raphson (NR)
method of solution have been widely adopted by various scholars
as the best numerical computational technique for load flow
solution due its fast convergence level and fewer number of
iterations. But the NR method of solution is also associated with
computational challenges when it comes to heavy loaded
systems, as it does not converge due to the high ratio of resistance
to reactance (R/X) and the singularity of the Jacobian matrix [6].
Nevertheless, Al techniques as a solution method to load flow
problems have attracted a lot of attention and research in recent

analysis and desig

time [11].
[II. METHODS OF SWARM INTELLIGENCE FOR LOAD
FLOW PROBLEM

carch (CK),

hmic concepts of the Cuckoo-$
on(PS0).Di fferential Evolution (DE)
ABC)algorithms have been analyzed.
roblem solving successes of the
mpared statistically by

The algorit
Particle Swarm Optimizati
and Artificial Bee Colony (
The numerical optimization p
mentioned algorithms have also been €0 _
testing different benchmark functions [6]. Empirical ‘n:sult_s
reveal that the problem solving Success of the CK algorithm 15
close to the DE algorithm. The required ﬁ:m-riqn-eva{uau’u_n
number for acquiring global minimizer by lheAl_:l(‘ algorithm 1
generally smaller than the cumpurison_ulgumlnns ['.4]'. The
performances of the CK and PSO algorithms arc statistically
closer to the performance of the DE algorithm. The AI?C
algorithms supply more robust and precise results than the PSO
and DE algorithms [9]:
lligent Swarms
{ kinds of swarms,
ielligemorlheirimellige

of which it is not

A. General Features of Inte
nce level

There are differen
possibleto callall of them in
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B‘. Cross-Section of Nigerian 132KV Po. :

Network tLagos Zone). =
In this rescarch paper, the lkeix w

lransmlﬁ.smn network was investigated andk:“: “"_Cﬁl 132,

was paid to the Egbin - Ikeja West line (since EGgf:rml E}Hcm,ﬁ;

highest quantum of power to the station). The lkejlu w]we“ihc

5 Oy,
could vary from swarm to SWarm. Sc"‘-(ﬂpu]zaﬂoﬂ iIsa _kCY Ol‘r“fr;‘.
feature of a swarm system which results 10 collective ABC are:
by means of local intcractions. The three phases of - d share
EMPLOYED BEES: they exploit food source 8% %
information to the onlooker bees. ONLOOKER BEE>: ce

based on the mployed wa,ggle dance-

;Ca(])‘.‘::’zlIE i;;?s:s:);::;bandon the food source and then look for ;‘_’-ﬂsrr_lissioq station is considered strategic and yp; 5113,
other food sources. ABC Algorithm finds near—optimal solutions i 'E‘:“m’f national grid. The station has seven (7) incom?:c .

to the difficult optimization problems. 0‘“°5» two (2) 330kV outgoing lines and fourteen 114833‘":\

utgoing lincs to step down transmission stations in th ) 132,

IV. MATHEMATICAL MODEL AND FUNDAMENTAL The tral_lsmissiun station consists of four (:J"[cf“'mt

EQUATIONS OF LOAD FLOW ANALYSIS ON AN NBUS  step-down transformer (resulting in a total station ¢y -‘tth\',q

600MVA or 480MW) for stepping the incoming 330ky lli':itni,- of

The transformer has nomenclatures givenas; TIA T|B T;i\m
] . ard

T2B. Two (2) 75MX reactors R1 and R2 are connecteq

330kV bus-bar for voltage stability. Two carthing Lransﬁ:ab “

(GT1A and GT2A) are attached to the transformers. and GTT:S
B

SYSTEM. o
Consider an n-bus system compnsing of voltages,

angles. admittances and line (MW and MVAR) flows between
pairs of buses indexed at say i, k: then the real and reactive power

may be represented as !
P =V, *F,*Y, *cos(5, - &) (3.1) con_nt:clcd to the tertiary of T1A while GT2A is connected g g,
And tertiary of T2ZA.

(3.2) The generators are assumed to be operating at 802,

Q‘ =',': .y' -"u --‘115' ..6=] ) : i : !

their maximum installed capacity with the highest being 1
EGBIN thermal station which will be assumed as the pows
swing bus for the Load flow Analysis. The information for th
accurate representation of this test system was obtained througs
an authorized data gathering from the Transmission Company of
Nigeria Substation.

Typical values of machine parameters such as stead
state and dynamic data that could not be obtained from TCN
(Transmission Company of Nigeria) was implemented for
simulation in this research work. Lagos has one of the Lags
132kv Transmission Network in Nigeria. The Lagos
metropolitan Transmission network has the following [
voltage levels: 330kv/132kv/33kV/I 1kV/240v.

Where,
¥i= voltage at the i” bus
Vk= voltage at the k” bus

Y., = the admittance between bus 1and bus k
5, , busi.kangles

Note that when the bus generates electrical power. it 1s
termed a gencrator bus otherwise it is a load-bus; a slack bus is
also often necessary to accommeodate (suck-up) the excess power
flows.

The line flows may further be expressed as changes in
the computed real bus or generalor powers with respect t; pre-

\ specified real bus or generator values and is expressed as: C. Analysis of ABC Variants and Its Application for Load Fios
_" AP =|p7 - P (3.3) Computation _
{ “'hf“" : ABC Variants are ABC_Normal, ABC_Gbest 22
i ;‘:d = the specified real bus powers at power exchange sequence].  ABC_mfe_controlled.  In this work. the performance &
i ABC_Gbest was compared with ABC _normal and ABC ==

severd

-

— e et

7= = the computed real bus powers at power exchange sequence
r.usingegn 3.1
Similarly, the reactive power changes may be expressed as

a0, =7 -07| (G4

Where,
¢* = the specified reactive bus powers at pow,
sequence L and PO Sechngs
g= = the computed reactive bus powers at ;
sequence L usingeqn. 3.2 power exchange
Typically. the admittances. line power demand
generations are given while the bus voltages and ang} o
obtzined by making a0 imnitial guess and solving using a loaq <
program. The net power balance is then expressed as the oo
all bus power sequence exchanges as: Sam over
. -T
AND
. -Xa
opumizauon with the ABC, a fitness funcu :
the L FA peoblcm. OO o b
This 1s obtained from egns
cxpressed as- L0

y . =AF_~5D,

(3.3)
(3.6)
defined for
and (3¢, and i

I3,7]

anam
ngmub:ﬁ

Values of obyf must be close 10 zerg of
values including comvergence afler a sey;
obsenanons hayve boen made.

e
ﬂfu-m

“B8-

controlled optimization algorithms. Although there are 5=
improved versions of GA, DE and PSO in the literature. I8 =
Analysis, we used the same population pumber and the maum==
evaluation number for all problems although it is 2 kno*® we
that these control paramecters affect the performanct =
algorithms significantly.

However, in most comparative studies these para®
values of (1.5, 0.4%10, and 0) are varied with respect bt
dimension of the problems or to their other characterstic™> ~
reason is that we assumed the users of an algonthm do pot l'-l
much about the recommended values of these o
their problems to be optimized. S

While ABC normal and ABC_mf¢ controlied "ﬂ.',\c
crossover operators to produce new or candidate solut0®
the present ones, ABC_Gbest does not ABC_Gbest f'“‘"m.::d =
candidate solution from its parent by a simple opersi®®
taking the difference of randomly determuned parns oves
and a randomly chosen solution from the populatio? H~“‘£ e
ABC the best solution discovered so far is pOt alway® D:.L_;,,-‘-
population since it might be replaced with a1 e
solution by a scout. Therefore, 1t mught not conuin=s
production ofinal solunons

>
4
e
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The ABC opumization 15 applied t0 ¢ e
voltage magnitude ( ) and voltage phasc angic | .
the value of objective function, which gives &

y I N
minix.x=ixl.2 . _xi wn—1. ) {38
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[his obrective unchon constrained by the mequalities oy
pound (LBrandupper bound (Ub). 14« v, « 1 "
The voltage magniiude and voltage phase an

V RESULTS '
Ihe results of the proposed approsch are presentes

pod mrange 0. S< 1< 108 and -8« < Rle are graphically in Figured | - Figure 4 1 showing the hllv-\.nll.mcj.l'
5 ABC_Gbest, the corresponding best litness and line losses I hesc

The objechive function (1) thyy des
staned 1o det " . . alue rralions
(e loand flow problem by using a'\m-ulnm-iihn'n!:s R m

Y AP +AQ2 (39) s vorags 1 gy Bvme
where, =1,2,3. number of bus bars, -
The ‘-"P““I"“““‘n Provess will continue until the begt ' | ' ]
fitness value 1s reag I‘l\"i Thl:- I'I'Ilsnle.“ph POWET s close to zery the . [ | I' I
whole application of ABC algorithm approach in load flow X 1 f
computation is as shownin Figure 3.2, . ! |_}
N [ | 1]
. = r r .
Frombin y ceilomge sagn e v |- a“" . S S .
e — “"‘“""—I Figure 3.0: ABC _Gbest Bus Voltage Magnitude Profile Chart
| T — In Figure 4.1, the bus voltage started within the tolerance levelof |
= about | p.u for bus number | and still maintained its tolerance in !
I —— “--j bus 2 before fluctuating down toward 0.99 p.u at bus 3, although it
exceeded | p.u in bus 15 which means voltage overstepped its
[ e g ::;:::IEI:danus in the response pattern within the normal tolerance ]
The result of the Best cost/Iteration for the
@. corresponding ABC-Gbest is presented graphically below.
e i :
: = - e ""\_'__ -------- : ------------ -: --------- -1
Figure 2.0: Scheme for Optimal Load Flow Using el ! i
The ABC Swarm Technique. 2 [ A i
RE i R g et 7
D RESULTSANDANALYSIS OF RESULTS i e < AL stiecrlbbtc i i
TABLE| A e g
: igure 4.0: ABC_Gbest Best Cost (fitness) and Iterat 1ph.
BUS CODES, LABELS, BUS TYPES, BUS POWER i A o
INJECTION(S,,.,), REALAND REACTIVE POWER. In Figure 4, a total number of cycles or iterations of 2000 is
i = = - - sufficient to ascertain early stability or convergence of the load
e "o vws | e, flow analysis program. Which implies that any number of
. == L L L TE iterations above 2000 cycles is of little or no effect on the
= :‘:T e ] Ml W convergence or stability of the LFA till about 14000 iterations”
e S| PRE, Simenin| S — This later had a suboptimal convergence at 14000 iterations. |t h
] AToka o] T 0000 Ly EXE should be hundled with care.
= Kiamgms I B B The result of the Line Losses for the corresponding
v A L 1300000 Toa o TE.U . .
B e Ui =y ABC-Gbest is presented graphically below.
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—;: TR ::: ::f From figure 5, the load Aow results reveals that the transmission
e L T T lines from 1102, 10106, 3 10 18 and 20 to 21 recorded the highest
B il | Lol power losses, this could be as result of distance, overloadimg ol
i S e o ) om0 the lines or due to aging of the lines
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ABC_GBEST LOAD FLOW BUS CODE, LA
POWER (PD), LOAD BUS REACTIVE P :
AND GENERATOR BUS REACTIY

TABLE 1I:
BEL, VOLTAGE
OWER (QD), GE

Volume [, issoe | October 307,
el

(V), BUS ANGLE (D). LOAD BUS REAL
NERATOR BUS REAL POWER (PG)

E POWER (QG).

Bus Code Label Vipu) d (p-u) PP w-) ey i Qee.u) )
1 Aja 0.8500 0.2461 0.5000 -1.0000 0.0000 0.0006
2 Alagbon 0.8500 0.2290 0.5000 -1.0000 0000 0.0000
3 Tkeja West 0.9673 0.3139 0.7523 03142 0.0000 00000
4 Oworonshiki 0.9275 0.2597 0.5000 -1.0000 0.0000 0.0000
5 Akoka 0.8971 0.2365 0.5000 -0.7507 0.0000 0.0000
6 Akangba 1.0120 0.3175 0.5001 -1.0000 0.0000 0.0000
7 Amuwo 0.9793 0.3082 0.5000 -1.0000 0.0000 0.0000 |
& Ojo 0.9477 0.2980 0.5000 -1.0000 0.0000 0.0000
9 Apapa Road 1.0063 0.3200 0.5000 -1.0000 0.0000 0.0000
i ljora 1.0158 03182 0.6474 -1.0000 0.0000 0.0000
i Aycdo 0.9629 0.2514 0.5000 -1.0000 0.0000 0.0000
12 Shagamu 0.9789 0.2953 0.4800 -1.0000 0.0000 0.0000
13 liebu Ode 0.9856 0.3246 0.4800 -1.0000 0.0000 0.0000
14 Ogba 09517 0.3529 0.5000 -1.0000 0.0000 0.0000
15 Papalanto 09512 0.3944 0.4800 -0.7453 0.0000 0.0000
16 Agbara 0.9637 0.3161 0.5000 -1.0000 0.0000 0.0000
17 Alimosho 0.9612 0.3346 0.5000 -1.0000 0.0000 0.0000
18 Ejigbo 0.9765 0.3102 0.5000 1.0000 5.0000 00000 |
19 Otta 0.9599 0.3661 0.5000 -1.0000 0.0000 0.0000 |
20 Egbin GS 1.0000 03348 0.0000 0.0000 2.7000 2.0250
21 Tkorodu 0.9952 0.3402 0.5000 -1.0000 0.0000 0.0000
22 Ttirc 0.9850 0.3094 0.5000 -1.0000 0.0000 0.0000
23 Isolo 1.0160 0.3221 0.5000 10000 e UTW'
24 Hlupeju 0.9644 0.3204 0.5215 21.0000 5.0000 Efﬁﬁfpﬂﬂ+
25 Maryland 0.9801 0.3410 0.5766 -0.9185 0.0000 Tﬁiﬁa.ﬂfﬂ
6 Abeokula 09511 0.3871 0.5242 ~1.0000 0.0000 0.0000
27 Jericho 0.9498 0.1410 0.5000 T i —TW
78 Alausa 0.9393 0.3468 0.5000 T5556 55665 ——'u"o'(ufﬁ'-“_’1
29 Osogbo 09735 0.2848 0.5000 15550 Tt ——eqﬁggﬁ“”j
i 0.9649 : J :
30 Hlorin 0.2928 0.5000 ~1.0000 0.0000 “t?t. -
3] Omuaran 0.9657 0.2857 0 4800 =1 0000 5.0000 0.0000 ]
L Ife 10029 0.2697 04800 ~1.0000 00000 _"—’_"‘I‘mr/,j
33 Ondo 10339 0.2568 0. 4800 ORI 55000 o .
34 Micsa 0.9744 0.2852 0.5000 170000 0.0000 Bl 1|
35 AKure 0.96R7 02908 53055 o 5 mm‘,——**’W_ )
ol I
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Figure 1.0: Single line diagram of Lagos 132KV transmission network,

vI.CONCLUSION

This study has presented a swarm based approach that
:an be useful in Load Flow Analysis (LFA) of a power system
wherethe ABC_Gbest fared better than the other ABC techniques
giving the least or best cost (power mismatch) and Voltage profile
has been found to improve better. The ABC_Gbest LFA
simulations gave least fitness or best cost (i.e. power mismatch).
This occurred afier a little over 14,000 max-cycles. The
wansmission line from bus 20t 21 had losses in al] the three ABC
variants due to overloading, distance and aging of the line. Both
the real and reactive power flow can be affected by the change in
bus voltage angles and voltage magnitude respectively as lines
with the highest amount of real and reactive loss are those
connected to buses with lowest voltage angle magnitude
respectively.

Itis recommended that the lines with high power losses
be modified to reduce losses and increase performance and
efficiency by replacing old lines with lines whose conductors
have large cross sectional area by conductor bundling of the old
lines and also through the use of unificd power flow controllers
(upfc). Itis known that line length affects the line performance; it
s recommended that the line length be stipulated properly in the
system to help in the analysis, lines having high power losses,
compensated to reduce losses

(5]
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(71

(8]
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