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deviation. The studies in (Rah

Tolabi et al., 2015), ignores |
DFACTS and DG coordination. Although (Venkateswar u
et al., 2013) considered VSATC as critical Ioadlpg factor,
however, the computation of VSATC at the point wh.ere
NR load flow fails to converge is an infeasible operating
condition and the power balance equality constrained 18
violated: in addition, SVC and DG placement were not
optimal but only based on the identified we_a_k bus. In
(Mahdad & Srairi, 2016), while a differential search
algorithm was used, it did not consider ATC as an
objective. This paper, therefore, demonstrates the
coordination of SVC and DG in the IEEE 14 bus test
network, for the enhancement of VSAT C and power loss
reduction using  Multi-Objective Particle  Swarm

Optimization (MOPSO).
2 METHODOLOGY

21 SVC MODELING o B Bt
" At steady-state operation, the static-var compensator
(SVC) acts as a source or absorber of VAR. The SVC is
therefore modelled as positive or negative load depending
on whether it is absorbing or injecting reactive power
respectively (A A Sadiq, Adamu, & Bubhari, 2019;
Venkateswarlu et al., 2013). The equivalent reactive load
at the SVC installed bus is given by equation (1) while the
modified residual Var is expressed by the equation (2).
SVC capacity is constrained according to the equation (3).

o™ =010, (1)
AQ™ =[(Q,—9.4) —Qf,‘"] +0,.. )
(3)

0<Q,. <100MVAR

2.2 DGMODEL

In addition to the provision of ancillary service of local
bus voltage control, DG is modelled as a generator with
maximum and minimum active power capacity constrained
by equation (4). Herein, to regulate the local bus voltage,
the PQ bus with DG installed is modified into a PV bus.

5SMW < P, <100 MW )

The DG penetration specifies the maximum quantity of

active power being injection as a percentage of the total

network load (Mahdad & Srairi, 2016) and defines by the

equation (5).
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2.3 CPFFORATC

To solve the power flow equatiop &

Flow (CPF) introduces a l°adi‘n 0 in“aliun
parameterise the power flow °qUatii Payy
singularity and ill-conditioning_ The don
for ATC assessment is given in ( Ahmag of
al., 2019), while at the CPF’s noge POimAbubakar _QPp
to the maximum loading limit as °"Pre,;:g°_”°
, such that the i bus critical rea] Power | u'\ atigy i
nose point is expressed by the equatiop (;’:dmg atih, CP:

ATC = Z _F:""' - z PLi,basu

ijesink iesink (s
|

ey
: ‘h‘l'eby lt .h :
mema““n Oy

24 MOPSO

In this paper, the problem fo ion i
parallel and opposite gbjectives: T’lltjéa::ﬂ:l‘foh.“
minimisation of real power losses, hence a mul:?t"(?rl
formulation. Since the objectives are op tw;"‘tfjtclivg
ﬁ-c.m.ts, _theg'e is a need to transform one of the °bjecf-'ﬂ°f"“
minimisation or maximisation. Consequenﬂy Ves iy
MOPSO algorithm, the ATC is transft':rn'xe;II .
minimi.sation by negating its value during the dom; 2
determination stage. For a general minimisation mﬂm
equation (8) defines the minimisation problem formumiz
of SVC and DG coordination for 2 objectives (Jumy
Musirin, Othman, & Mokhlis, 2013; Zeinalaig
M(_)hammadi, & Moradi, 2015). The fitness vecior
objectives is expressed by the equation (9), which is subes
to power flows equality constraints in addition fo f
consiraints equations (3) and (4).

minimize f(x,A)=[£0xA), L] 0
—ATC=Y P" -3 B™

iesmk iesink m

_?(xa 'a') = n i
P =Y gV +Y; 2,0 H)
k=1

3 RESULTS AND DISCUSSION |
he CPF implementat®!

As a form of validation, t oy i
u et dly
(Venkateswar T

the methodology described in
were compared and shown in Figure 1. BowERm.-’*
Newton load flow is implemented in MATPOWE® g

shown in Figure 1, both NR and CPF by
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ke multilateral power transfer transaction where all the ~ with different increasing DG penetration. The Pareto
0

tors are supplying the increase in load at all the load  depicts a diving shape of, and the ATC increases with the

szlzszaFigure 2 shows the Pareto front of ATC versus Ploss  increase in DG penetration.
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Figure 2: Pareto plot (ATC vs Ploss) for
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The Pareto front of Figure 2 with cursor values c_Jf
nondominated solution within 50% and 80% is depicted in
Figure 3. As shown, at 80% DG penetration, the. ATC
improves to 7.366 p.u with SVC and DG coordination
against 6.91 p.u without coordination. Similarly, the gcllve
power losses also reduce from 6.826 p.u WIti’!O'llt
coonrdination to 5.572 p.u with SVC and DG coordination.

At 80% DG penetration, thm

reduction in losses represent aboyt 6.6% ATe -

respectively. ang 1840

TABLE | gives the selected optimal solutioy, - o

DG coordination for 50% to 80% DG Pﬂhetraﬁ: Sve g
n.

8 L) T T

[ [ CPF without Optim -+ \\%ﬁ '
7 L] ATC = 6.9100 p.u X: 5.572 ﬁ
| PLoss = 6.8263 p.u H Sv.7366 %, ° Xeo2m; { |
;ﬁ ® #* Y:7.005
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l [ i A i L A 3
0 1 2 3 4 s 6 -
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Figure 3: Pareto plot (ATC vs Ploss) with ATC and Ploss cursor values

TABLE 1: SELECTED NONDOMINATED SOLUTIONS FOR

VARIOUS DG PENETRATION

Fitness Values SVC Solution DG Solution
1;/6 ATC | Ploss szsC SVC Size Ib):: PDG Vbsve

pa] | fpul | 2 | (MVAR] | 2% | Mw) | [pu]
50 7.09 6.28 14 54.76 9 128.83 | 1.084
60 7.10 6.68 14 63.60 10 152.93 | 1.009
60 7.19 6.64 14 58.49 10 181.3 1.009
80 7.36 5.57 14 65.83 7 207.2 1.100

4 CONCLUSION

This paper demonstrates the impacts of SVC and DO
coordination for the improvement of VSATC and active
power losses. It can be concluded that at higher DG
penetration of 80%, for the multilateral transaction where
all the generators are supplying the increase in load
demand, ATC improves by 6.6% while the active power
losses reduced by 18.4% with SVC and DG coordination.

REFERENCES

Bavithra, K., Raja, S. C., & Venkatesh, P. (2016).
Optimal Setting of FACTS Devices using Particle
Swarm Optimization for ATC Enhancement in
Deregulated Power System. /F A C-PapersOnLine,

618

49(1), 450455.
https://doi.org/10.1016/j.ifacol.2016.03.095
Jumaat, S. A., Musirin, L, Othman, M. M., & Mokhlis, }

(2013). MOPSO Approach for FACTS Device
Installation in Power System. In Proceedings of the
2013 IEEE 7th International Power Engineering
and Optimization Conference, PEOCO 2013 (pp.
564-569). :
https://doi.org/10.1109/PEOCO0.2013.6564611

Kabir, S, Krause, O., Bansal, R., & Jayashri, R. (2014).
Dynamic Voltage Stability Analysis of Sub-
Transmission Networks with Large-Scale
Photovoltaic Systems. In IEEE Power & Eneryy |
Society General Meeting, Conference & Exposilio
National Harbor, MD, USA (pp. 1-5).

Kabir, S, Krause, O., & Haider, A. (2014). Design of an
Optimal Placement Algorithm for Large Scale
Photovoltaic in Sub-Transmission Networks. In
IEEE 3rd International Conference on the
Developments in Renewable Energy Technology
(ICDRET) - Dhaka, Bangladesh (pp. 1-6)-
https://doi.org/10.1109/ICDRET.2014.6861669

Kabir, Shahariar, Krause, O., & Bartlett, S. (2013)
of Large-Scale Photovoltaic System on Shﬁrt,‘“.d

S smlsﬁw
Long Term Voltage Stability in Sub- Tran
Network. In Australasian Universities Power

]
i
|



3rd lnternaﬁol‘al

Federal Uniyer Engineerin

sity of Tec g Conference (IEC 2019)

h
llﬂlﬂgy’ Minna' Nigeria

s
-
E
7
"
=&

_—
/C‘ofnre 1
oring Conference. AUPEC (pp. 1-6). Hobart

g ia.: i
S Australia,: Australasian Universitie
L. allick. M- - Rafi, M., & Mirza, M ; 2
Kh’"'Optimal placement of FACTS Controller Sch bl
i g ancef“e“t of Power System Security e
(dian saanﬂﬂ& Journal of Electrical Systemsm
nformalio” Technology, 2(2), 161-171. o
/ s;/deI-OfB”‘l’i'0'6’1'1"'5“'2015'03'013
L& Srairi, K. (2016). Adaptive Di i
M,hd;‘i' ch Mgorithm for Optimal I?oc:;ifv)rllﬁo?emlal
'+ 1ted Generation in the presence of SVC
Loss Reduction in Distribution Syste for
ing Science and Technology, an "
el Journal, 19(3), 1266-1282
" s:/,rdoi.org,"lo.1016I‘j.jestc:h.2016,03.0I02
b Usman, B., & Adamuy, S. S. (2013).
o rovement of Vo!tage Stability Index Usin
DistribUted Generation for Northern Nigeria Sgub-
ansmission Region. In International Conferenc
. Electrical and Electronic ’

on Computing,
Engfﬂee""ng (ICCEEE) (pp. 410-412). IEEE.

vohtls M. N, Olatomi
& Mogajis A. (2017). Optimal Deployment of
Distributed
optimization
Voltage Profi

Generators using Ant Colony

to Minimize Line Losses and Improve

les on Distribution Network. In
Proceedings ©. the World Congress on Engineering
and Computer Science WCECS 2017 (Vol. I, pp.
25-30). San Francisco, USA: WCECS.

Rahman, M.S., Mahmud, M. A., Oo,AM.T, Pota, H.

2016). Agent-based Reactive

R, & Hossain, M. J. (
Power Management of Power Distribution
Networks with Distributed Energy Generation.

Energy C onversion and Management, 120, 120-

.101 6/j.f:nconman.20| 6.04.091
Rahman, M. S., Mahmud, M. 4., Pota, H. R, & Hossain,
M. J. (2014). Distributet adulti-Agent Scheme for

Reactive Power Managzment with Renewable
Energy. Energy Conversion and Management, 88,

573-581.
hitps://doi.org/10- 1016/ snconman.20 14.09.002
Reddy, S. S. (2016). Multi-Objective based Congestion
Management using Generation Rescheduling and
Load Shedding. /EEE T} ransactions on Power
Systems, 8950(c), 1-12-
. https://doi.org/10.1 109/TP
Sadig, A.A., Nwohu, M. N, & Okenna, A- E- 12
Available transfer capability (ATC) as index for
transmission network performance A case study
of Nigerian 330kV transmission grid. Internationd
Journal on Electrical Engineerié and Informatics:
S 63). hffps://doi.org/lo.l5676/ijeei.20 4633
; Iq,d,f\ A, Adamy, S. S., & Buhari, M- 2013)-ﬁ Optim2
istributed generation planning in distribution
fetworks : i comparisl())n o {ransmission petwork

619

iwa, L., Ambafi, J., Ahmad, S. A., - =

m .
E:;;:::;;h EA.CTS Point of Common Coupling.
Internati g Science and Technology, an
hﬁps-//d,qna! Journal, 22(1), 33—46.
Sadig, Ahl‘l.ladokgri” 0.1016/j.jestch.2018 09.013
2019). Avalilla;l:ar’ Adamu, S. ., & Buhari, M.
with FACTS le transfc.er capability enh?ncement
of Electrical ESlng hyl?rld PI-PSO. Tur'krsfw Journal
27(4), 28812 é‘lggmeermg & ?‘ompmer Sciences,
A -2897. https:/doi.org/ 10.3906/elk-1812-
Shm];i' P., & Kumar, A. (2016). Thevenin’s Equivalent
ased P-Q-V Voltage Stability Region Visualization
and Enhancement with FACTS and HVDC.
International Journal of Electrical Power an
Energy Systems, 80, 119-127.
https://doi.org/10.101 6/j.ijepes.2016.01.026
Tolabi, H. B., Ali, M. H., & Rizwan, M. (2015).
Simultaneous Reconfiguration, Optimal Placement
of DSTATCOM, and Photovoltaic Array in 2
Distribution System based on Fuzzy-ACO
_ - Approach. [EEE Transactions on Sustainable
- Energy, 6(1),210-218. &
https://doi.org/] 0.1109/TSTE-201 4.2364230
Varshini, G. Y. S., & Kalpana, N. (2012), Enhancement
of Available Transfer Capability using Particle
Swarm Optimization Technique with Interline
Power Flow Controller. In Third Internati onal
Conference on Sustainable Energy and Intelligent
Systems (SEISCON 2012) (pp- 3313 34).
Tamilnadu, India: IET.
https://doi.org/l().1049/cp.2012.2234
Venkateswarlu, A. N., Ram,S.S. T, & Raju, P. S.
(2013). Impact of SVC and DG on Voltage Stability
Constrained Available Transfer Capability.
International Journal of Engineering Trends and
Technology (VETT), 4(7), 3040-3044.
Yunfei, C., Zhinong, W., Guogiang, S-, & Yichu, L.
(2015). Fast Calculation of Available Transfer
Capability Incorporating Uncertainty of Wind
Generation. In Sth International Conference on

Electricity Utility Deregulation and Restructuring

and Power Technology. November 26-29 (pp- 2486—

2490). Changsha, China: IEEE.
https://doi.org/l().] 109/DRPT.201 5.7432671
Zeinalzadeh, A, Mohammadi, Y., & Moradi, M. H.
(2015). Optimal multi objective placement and
sizing of multiple DGS and shunt capacitor banks
simultaneously considering load uncertainty via
MOPSO approach. International Journal of
Electrical Power and Energy Systems, 67.

https://doi.org/ 10.101 6/j.ijcpes.20] 4.12.010

d



