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ABSTRACT
This paper proposed a method for operational planning of Mesh/ radial distribution network considering
security-constraints and multi-DG configuration with integration of demand response. The proposed method
simultaneously minimises operational cost and energy losses in the network. The impact of multi-configuration
of renewable DGs and demand response in a meshed network were also investigated. The e-constraint method
was used for the solution of multi-objective function. In this work, the distribution network is converted from
radial to mesh to allow for alternative route for flow of electric power when N-1 distribution line contingency
occurs in any of the branches. The lines for the mesh network were connected to the closest generator bus that
offered least operating cost when optimized. Scenario-based approach is used to model the uncertainties related
to photovoltaic (PV) cells and load demands. The effectiveness of the proposed method is demonstrated with 16-
bus UK generic distribution system. The obtained results in using multi-objective functions ensures reduced
operation cost and energy losses while considering multi-DG configuration and demand response in N-1
contingency.
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Nomenclature

Indices

i, index for buses

Gen index for generators

L index for load

Line index for distribution line

G set of sub-station generators

Dg set of PV generators

Parameters

Clon Price offered by PVs and sub-station generators to increase/decrease active power at bus i

Chr Price offered by load demand at bus | to decrease its active schedule in the context of demand
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Variables
Pgi lPdgi

Qgi: ngi

Poray@r)

response
Minimum and maximum active power for substation generators

Minimum and maximum active power for PV generators

Minimum and maximum reactive power for substation generators
Minimum and maximum re active power for PV generators
Maximum active power flow in distribution line

Maximum reactive power flow in distribution line

Minimum and maximum values of voltage at bus i

Minimum and maximum values of voltage angle at pre-contingency
Minimum and maximum values of voltage angle at post-contingency
Active and reactive power of load demand at bus i

Active power of substation generator and PVs at each bus

Reactive power of substation generator and PVs at each bus

Active and reactive power decrement in demand response program for load demand | at bus
i
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Py, Pjjc Active power flow in distribution line at pre and post contingency
Qijs Qfjc Reactive power flow in distribution line at pre and post contingency
v Voltage at bus i

6; Voltage angle at bus i at pre-contingency

6; Voltage angle at bus i at post-contingency

l. INTRODUCTION
A. Background and motivation

The task of optimal planning and operation of electric distribution system is so challenging due to great
benefits it poses to distribution network operators (DNQOs), generation companies and final consumer of electric
power. Good planning brings about efficiency, reliability and security of the distribution network thereby
encouraging optimal operation and investment cost as well as reduced power losses in the network [1,2].
Security constraints in the network ensure improved system continuity indices by minimizing consumer
interruptions that are caused by faults in distribution lines. Distribution Network Operators (DNOs) have to
develop a rational operating strategy taking into account dispatching distributed generators (DGs), interrupting
loads, and purchasing power from the wholesale market while keeping the system security [3]. Operating the
network in a security-constrained manner offers an alternative route to the flow of power when single line
outage occurs in the network. As the world is transiting to greener energy sources due to global climate change,
it is pertinent that distribution networks are planned and operated in a way that will allow for a higher
penetration of renewable energy resources (RES). However, the intermittency and variability of renewable-type
DGs (e.g., wind and PV) impose challenges when planning distribution systems [4]-[9].

Recent studies have pushed towards system operating conditions that satisfies single objective in the
distribution system. This work considers a multi-objective function which is aimed at minimizing both the
system operation cost and loss simultaneously. Therefore the system losses cannot be sacrificed anymore by
taking it into account as an objective function beside the operational cost.

Continuous operation of the distribution network even when there is outage of a distribution line or
generator is the reason for introducing security constraints to the network. Security constraints ensure that all
load demands are met when there is sudden loss of a component in the network, as this will mitigate a possible
black-out as a result of voltage rise. Optimal power flow considering security analysis is known as security
constrained optimal power flow (SCOPF) [10], [11]. In SCOPF, contingency analysis is performed to ascertain
the effect of loss of a component (generator, transformer and transmission/distribution line) in the system. Also,
this work considers the impact of multi-DG configuration in the distribution system. Multi-DG configuration
assesses the level of penetration of renewable energy resources with different combination of the renewable
generators.

B. Literature Review and Research gap

Several studies have been carried out on the operation of electric distribution system with renewable
energy penetration. The planning scope of maximizing DG penetration in distribution networks is taking priority
of DNOs in most countries due to the increasing rate of DG integration [12]. In [13], the voltage problem
associated with the random installation of customer owned DGs, in terms of location, type and size, is examined
on a secondary distribution network. In [14], the proposed method incorporates voltage step change constraint to
cater for the impact associated with sudden disconnection or connection of a DG. The results show significant
reduction in the amount of DG capacity when voltage step constraint is applied, and a wider step constraint
could result in higher DG capacity.

The relationship between maximizing DG capacity and steady-state voltage violation is investigated
using a voltage sensitivity factor in [15] and [16]. In [16], an effective method is proposed that allocates DGs
based on analyzing various constraints associated with each bus to ensure no network sterilization occurs.
Network sterilization results when DG units are allocated individually rather than a group at certain locations
which can result in constraining the network, minimizing the total connected DG capacity and lowering the
utilization of existing assets. In [17], another method is proposed that identifies strong and weak buses, and then,
places DGs at buses with strong voltage stability margins. In [18], the authors proposed a cost based model to
allocate DGs in distribution networks to minimize DG investment and total operation costs. In [19], a method
for optimal placement of WTs in distribution networks to minimize annual energy losses has been proposed.
The impact of variable demand and generation profiles is also investigated with multi-period optimal power
flow (OPF)-based (MOPF) technique [20]-[22]. These studies are tested under “fixed” DG locations with only
one DG-configuration (all DGs operating). In [23-26], the authors have not addressed the impact of multi-DG
configuration on the planning and operation of a distribution system. Also, a single objective function was
considered in their analysis. The author in [12] analysed the impact of multi-DG interaction on the amount of
DG penetration into the network. In [14] the analysis was made with a single objective function using OPF with
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voltage step constraints. The authors in [33] considered the stochastic multi-objective model for scheduling of
energy and reserve services in day-ahead markets. The approach could be used by ISOs to make a trade-off
concurrently between system frequency profile and total operating cost to operate the power system securely in
an economically efficient manner. Also [34] analysed system reliability and operational cost as a multi-objective
function in energy management in distribution networks with energy storage systems.  According to the
author's knowledge, there is no study that covers the security of the network and multi-DG configuration with
integration of DR Program multi-objective function, which is most important for any researcher in DGs
operation and planning.

C. Aim and Contributions

Most of the literature reviews on operation of electric power distribution system considered only the
optimal power flow in the system without taking into account both the security constraint and demand response
of the network. Security of the network is necessary to maintain the optimal operation of the network when there
is sudden loss of any distribution line in the network. Also, some of the works on distribution network planning
and operation were carried with single objective function which is mostly system operational cost.

Therefore, this paper proposes a novel approach for the operation of the distribution network with
multi-DG configuration considering the security of the network and the effect of integrating demand response
on the network with multi-objective function.

The main contributions of this paper are highlighted as follows:

) Analyse the impact of multi-DG allocations in the operation of distribution network with optimal
security-constrained OPF and demand response.

. Propose a new SCOPF-based planning technique that considers the operational status of DG units.

. Simulation of multi-objective function that minimizes both operational cost and system losses
simultaneously using epsilon constraint method.

. Taking into account the uncertainty in the characteristics of the renewable energy sources and load
demand using stochastic scenario-tree approach.

. Reconfiguration of the network by converting it from a weakly meshed to a mesh network type to

ensure the security of the system at N-1 distribution line contingency.

D. Paper organization

The rest of the paper is organised as follows: multi-PV configurations is presented in section Il, multi-
objective optimization is discussed in 111 while uncertainty modelling was presented in V. Problem formulation
and structure of SCOPF formulation is presented in section V, illustration of a case study in section VI,
simulation results is presented in section VII and finally section V111 has the conclusion.

1. MULTI-PV CONFIGURATIONS
In this work, PV renewable energy source was used for incorporating DG into the network. The multi-PV
configurations defines the operational status of PVs and are chosen based on the decisions of distribution system
planners. The total number of all possible multi-configurations for any number of PVs can be expressed as
follows:
1< NC < (2" —1) 1)
In (1), the total number of configurations (NC) is referred to as the number of multi-PV configurations. For
example, if a system has six PVs, there will be up to 63 possible multi-PV configurations for the system
planners to choose. A binary parameter is defined to represent the operational status of PVs at ith bus for
configuration c. The operational status of each PV and all PVs are described in (2) and (3), respectively.

2
= [1, ifaPV at ithbus is operating ( )
1LC |0, otherwise

( /?1.pv1 lgl,pVZ o /31‘va )
Iﬁz,pvl ‘ﬁZ,pVZ -:Bz‘va } (3)
Lﬂwl B pur ﬁc.vaJ

(NCxNPV )
In the proposed method, there is capacity constraint for PVs according to its operational status for each
configuration which is described as follows:

pv 2 pv,max
0<P <P , VB, =1
P_pv :J i,c i,c ﬂl,c (4)
IcC lo’ VB, =0
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1. MULTI-OBJECTIVE FUNCTION

Here, two objective functions are considered to be optimized simultaneously, which is the total
operating cost and active power losses in the network. Pareto optimality technique is adopted for the solution of
the multi-objective function.

A. Pareto Optimality

A solution is called Pareto optimal, if none of the objective functions can be improved without
degrading some of the other objective values. The notion of optimality has been redefined in the context of
pareto optimality and instead of aiming to find a single solution, it is tried to produce a set of acceptable
compromises or trade-offs from which the decision maker can choose one. The set of all optimal solutions
which are non-dominated by any other solution is known as Pareto-optimal set. The Pareto optimal (or efficient,
non-dominated, non-inferior) solution is a feasible solution that other feasible solutions cannot be improved in
all the objective functions simultaneously. The figure below illustrates the solution of multi-objective function
using pareto optimality technique.

A (Fl.l“ilh FZ.nmx)

Non-optimal solutions

Pareto front

F (x)

Optimal solutions (F1.max, F2.min)

-
Fi(x)

Fig 1: Pareto optimal Solution.

B. The e-constraint method

In the e-constraint method we optimize one of the objective functions using the other objective functions as
constraints, while incorporating them in the constraint part of the model as shown below:

min f; (x)

s.t

L(x) < e

f3(x) < e

fr(x) < e,
Therefore, by parametrical variation in the RHS of the constrained objective functions e; the efficient solutions
of the problem are obtained.

V. UNCERTAINTY MODELLING
A. Solar irradiance modelling
The solar irradiance modelling is done by using the Beta PDF which is described as follows:

[ T(a+p) ]

a -1 p -1
s ee— x(1-s) 5
PDF(S):JF(Q)JrF(/}) ®)

[0<s<1,0<a.p \
[ 0 else J
Where s represents the solar irradiance (kW/m?).
a and B can be obtained as follows:
uxp (6)
P
1-u
()

B :(1—#)X[%—l]
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Where p is mean value and o is the standard deviation of the random variable. To estimate the cell temperature,
the solar irradiance, and the output power of PVs, Egs. (8) and (9) are used [27,28]:

G )
P, = Poec :E[“ S (To - 25)]}
- amb+[NOCT—ZOJG 9)
800

Where Py, Psrc are the output power and the power under standard test condition in (W) respectively. & is the
power-temperature coefficient in (%/°C), T,en, Tamp @nd NOCT are the cell temperature in °C, the ambient
temperature in °C, and normal operating cell temperature conditions in °C, respectively. G is solar irradiance in
(W/m?).

B. Load demand modelling
The Gaussian PDF is adopted for the load modelling. The PDF for load I is calculated as follows [29, 30]:

[ 2]
(G RR 10
el v (10

Where y; is the mean value and o; is standard deviation.

PDF (1)

V. PROBLEM FORMULATION
A. Objective function
The security of electric power system is of utmost concern to Distribution Network Operators (DNOs). They
ensure that the network is operated to withstand any sudden loss of a component in the network.
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Fig 2: Solar Irradiance and load demand curves

In this work, constraints are put in place to ensure the security of the network in a contingency
scenario. Also the integration of demand response is modelled as an active power injection to the network.
Demand response aims at changing the consumption pattern of consumers to off-peak periods. This will allow
for more penetration of renewable energy resources. Therefore, based on these considerations, the objective of
the proposed operation problem is to jointly minimize the total operational cost and energy losses with
integration of demand response program. The multi-objective function is optimized at different multi-DG
configurations. The aim is to minimize operation cost and losses simultaneously. Cost minimization is
represented by f;,,;; While loss minimization is represented by f,; »

NB NGen Nc
i

=Y ¥ ¥C. P +

] G
i=1 Gen=1c=1 Gen

Minimize F.
NB NGen Nc NB L Nc

z z ZCG‘enPDIGGE” +z Z ZCIIJR(I)PDIR(I) (11)

i=1 Gen=1c=1 i=1 1=1c¢c=1

s.t
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fo=> > G, (v +V —2vy cos(5,-5,))

i j
B. Constraints
e§:1 Pg(Gen) + Gél:l Pdg(Gen) + Iz::l ( PDR(I) - Pli)
lin i (12)
= Z Z Pu(lme‘J)
lin=1 I=1
27Qg(Gen)-‘— Zﬁ ng(Gen)+Z(QDR(I)_QIi)
o ’ ) (13)
= Z Qlj(line.j)
Z, Pg(Gen)+ Zﬁ Pdg(Gen)+Z(PDR(I)_ Pll)
P ’ (14)
= z Z} Pijc(line‘j)
Zng(Gen)+ Zﬁ ng(Gen)+Z(QDR(I)7QII)
o ’ (15)
= Z 2 Quc(lme‘n
V" (cos@ )-VV cos(s -5 +6 )
P, = ‘ ‘ (16)
, z,
Q; (sind, Y-VV sin(s -5 +0,
o, - ( ) ( ) 17
Zu
V' (c0s0, )-VV cos(s -5 +0,))
P. = — (18)
Zu
oV (sing )-VV sin(s -5 40,
Q, = ( ) (19)
Zu
0 = tan x (20)
R
Z =X +R’ (22)
P, <P, <P (22)
P™ <P +AP <P (23)
Q" =Q, =Q)" (24)
Q" <Q,+4AQ, <Q" (25)
P <P <P™ (26)
Pd:im S Pdgl + APd;i S Pﬂ:iax (27)
Q. =Q, =Q; (28)
Q. £Q, +AQ, <Q.F (29)
Pu < Pumx (30)
P. <P (31)
Q,=Q/" (32)
Q, =<Q” (33)
V™"V, <v™ (34)
s <™ (35)
5ol <™ (36)
0 DR(1) s PD‘:‘:TK: (37)
0<Q,, < Qi (38)
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The above constraints can be categorized into two groups:

a) Equality constraints: Constraints (12)-(19) apply kirchhoff’s law in the analysis. Constraints (12)-
(15) ensure the active and reactive power balances in system nodes at pre-contingency and post-contingency
situation. Equations (13)-(19) outlines the solution of active and reactive power flow in the line at pre-
contingency and post-contingency state.

b) Inequality constraints: constraints (22)-(25) set the upper bounds for active and reactive power of
substation at pre-contingency and post-contingency scenario. Also, constraints (26)-(29) limit the active and
reactive power generation of PVs. The PVs generation depends on the solar irradiance. The active and reactive
power flow limit in the line which ensures the security of the system are constrained by equations (30)-(33).
Constraints (34)-(36) determines the acceptable range of voltage and angle at the buses. Finally, constraints
(37)-(38) introduces the demand response limits.

C. Structure of SCOPF formulation

The SCOPF starts by solving the system OPF with N constraints to find an operating point, and then
contingency analysis is run which identifies the potential contingency cases. If there is no constraint violation,
then the solution of SCOPF is obtained by the OPF. If a

2 LT LEGEND

P @ 16 Node Index
1 @ ®[:w @ Branch Index
> —»  Demand
0LTC @ ® 6&{"
> o > ’ @10 % ”F'_‘f:)
oF .0 Sl @W —|—>

15

@l4®

>

Figure 3. 16-bus UKGDS with candidate locations for PVs

12

security violation is caused by outages, the complete security constraints is added, and then the OPF
and each of the contingency power flows is re-executed until the OPF has solved with all contingency
constraints met. This new optimal operating point ensures that after any single line outage there are no voltage
or branch limits violations. In optimal power flow solution the main objective is to obtain the minimum
generation cost. In SCOPF, it includes pre contingency cost and the cost of each credible contingency. The
objective function is constrained by terms in pre-contingency and post-contingency situations.

VI. CASE STUDY

The proposed method is applied and implemented on a 33kV 16-bus rural weakly meshed UKGDS.
The data of this network is available in reference [31]. The single line diagram is shown in Fig. 2. The feeders
are supplied by two identical 30-MVA 132/33 kV transformers.

In order to assess the impact of demand response on the SCOPF of the network, three 15MW PVs are
installed at buses 5, 11 and 16. The upper and lower limit of the voltage at each bus is assumed to be 1.06 and
0.94 p.u. Each of them is composed of 15x 1MW solar panels withn?” = 18.6% and SP* = 10m?2. Non-linear
programming have been adopted for the solution of the problem. The proposed method is applied to the above
mentioned distribution network and implemented in GAMS and solved using IPOPT solver [32] on a PC with
Core i7 CPU and 16GB of RAM.

A. Meshed Network Configuration
Existing studies show that once a meshed network is adopted, the additional fault level contribution
from adding DG is not significantly higher. However, protection coordination can be more complicated [22].
The disadvantages in fault level contribution are offset by increases in network stability and reliability [23]. A
meshed network will aggregate variations in both load and generation, and can increase reliability by providing
multiple routes from supply to the load points.
A 33KV 16-bus rural weakly meshed UKGDS was used for the study. In the process of simulating the
system for SCOPF, it was observed that the solution proved infeasible because of open circuited lines within the
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network thereby isolating power supply to some buses/feeders in a contingency scenario. The affected lines
where lines connected between buses 6-7 and 10-12. Buses 7 and 12 were connected to the closest generator
buses in order to establish a mesh network in the distribution system. The table 1 below shows the connections
for the buses, their respective solution status when a line contingency is introduced to the system, informed the
decision of the selected bus connections.

Table 1: Bus Connection for a mesh network

Solution Number Bus Bus combination Line Contingency
combination

1 5-7 11-12 Infeasible solution

2 5-7 12-16 Optimal solution

3 7-11 12-16 Feasible solution

4 7-11 11-12 Infeasible solution

The Table 1 above shows the bus connection for buses 7and12 and the solution when a line
contingency was introduced to the network.

All the possible connections exhibited infeasible solution but when line contingency was introduced to
the network, only solution number 2 having connections 5-7 and 12-16 showed optimality in solution and
therefore was adopted for the mesh network connection. In order to operate the network considering N-1
security, the network was converted to a meshed type by adding branches L19 and L20 as seen in the dotted line
in Fig. 2. The choice of the buses for addition of the new branches where made having considered the branch
with least operating cost. There is an assumption that distance between the buses are the same.

VII.  SIMULATION RESULTS
The result is presented in three parts as follows:
A. Operation of radial and mesh distribution network for N-1 security
The results obtained by introducing an N-1 line contingency in the radial and meshed network are presented in
the table 2:

2 3 > LEGEND
@ 16 Node Index
GSP ™ Branch Index
' ®[w A photovoltaic
g —» Demand
OLTC @ 6’&‘:;3 ——— Mesh connection

@13 @8 (@) VR
4‘*715@9
@ 14

Figure 4. 16-bus UKGDS meshed with candidate locations for PVs

From table 2, line contingency in radial network on lines L5, L6 and L10 connected between bus 4 and
bus 6, bus 6 and bus7 and bus 10 and bus 12, respectively, resulted in an infeasible solution and simulation
error. This shows that some of the constraints for optimal operation of the network at N-1 distribution line
contingency have been violated. In order to mitigate against these constraint violations, the network was
converted to a mesh type by introducing lines L19 and L20 which have been explained earlier. The N-1
distribution line contingency inserted in the mesh network, all proved feasible, showing that when there is N-1
distribution line contingency in any of the lines, there will not be any violation on the network.

TABLE 2: Line Contingency in radial and mesh network

Contingency Bus Connection Radial Mesh
L1 2-3 Feasible Feasible
L2 2-4 N N
L3 34 N N
L4 45 N N
L5 4-6 Infeasible N
L6 6-7 No solution N
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L7 48 Feasible N
L8 9-10 N
L9 10-11 N N
L10 10-12 No solution N
L11 2-13 Feasible N
L12 2-14 N
L13 13-15 N N
L14 15-14 Feasible N
L15 15-16 Feasible N
L16 1-2 N N
L17 1-2 N N
L18 8-9 N N
L19 7-5 - N
L20 12-16 - N

B. Operation of distribution network in N-1 security constraint with multi-DG configurations.
Table 2 below presents all the possible multi-PV configurations for the three PVs locations using (1).

Table 3: Description of Multi-PV configuration

Multi-configurations PV status/location
Bus 5 Bus 11 Bus 16
C1l 1 0 0
C2 0 1 0
C3 0 0 1
C4 1 1 0
C5 1 0 1
C6 0 1 1
C7 1 1 1

Table4: T

Table 5: Total operational cost with and without Demand Response

otal Dispatched power from PV with and without Demand Response
Configuration Total Power dispatched from PV (MW)
Without DR With DR
C1 0.286 0.316
C2 0.029 0.026
C3 0.089 0.150
c4 0.283 0.342
C5 0.286 0.356
C6 0.179 0.179
c7 0.283 0.347

Configuration Total Cost (E/h)
Without DR With DR
Cl 515.005 458.937
C2 760.487 724.118
C3 715.947 635.356
C4 511.227 426.170
C5 514.097 424.001
Cé6 639.907 604.352
C7 510.916 421.415
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Fig 5: Total Dispatched power by PVs at multi-PV configurations
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Fig 6: Total operation cost at multi-PV configuration

From the results presented in tables 4 and 5 above, when a single PV is operating in configurations C1,
C2, C3, it shows that C1 with PV generator at bus 5 dispatched the highest amount of power the network
compared to C2 with the least dispatched power . This shows that whenever there is outage of generator at bus
5 in configuration C1 in the network, there will be increased operational cost in the network. Since PV
generators at buses 11 and 16 cannot satisfy the load demand of the network, thus an opportunity to purchase the
needed power from the sub-station generator which is more expensive than the renewable generators. Also, at
configurations C4, C5 and C6 having two PV generator combinations operating at the same time, C4 (PV
generator connected at bus 5 and 11) and C5 (PV generator connected at bus 5 and 16) have higher dispatched
power than C6 (PV generator connected at bus 11 and 16). The low level of dispatched power in configuration
C6 can be attributed to the thermal limits and security constraints applied in the network. Meanwhile in
configuration C7 (three PV generators operating), the total operational cost is the least as compared to other
configurations. Configurations C2, C3 and C6 have high operational cost and this is due to the absence of
generator at bus 5 in those configurations. DNOs should ensure that the PV generator connected to bus 5 is
always operational to avoid increased cost of operation in the network. The results in tables 3 and 4 also show
that the cost of operating the network with demand response program is cheaper at all configurations as
compared to a situation without demand response. This is due to reduction in load demand by customers at peak
load time.

C. Comparison of Single Objective Function and Multi-Objective Function

The results of single- and multi-objective optimization problems are obtained and presented below. For the
single objective function, the active power loss function was minimized while the total operation cost function
was set as a constraint. The procedure for the analysis is presented in the table shown below:

Table 6: Scenarios for single and multi-objective function.
Scenarios Single-Objective Multi-Objective
A N X
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| B I X I Y |

The results obtained from the scenarios are presented in the tables below:
Table 7: Active power losses at different scenarios and multi-configuration

Configuration Objective Function for active power loss
MW)
Scenario A Scenario B
C1 0.016 0.009
C2 0.031 0.018
C3 0.050 0.042
C4 0.016 0.004
C5 0.066 0.008
C6 0.078 0.034
C7 0.067 0.003

Table 8: Total Operational cost at different scenarios and multi-configuration
Configuration Objective Function for total operation cost (£/h)
Scenario A Scenario B
C1 468.488 458.937
C2 787.116 724118
C3 665.238 635.356
c4 468.553 426.170
Cc5 455,905 424,001
C6 671.146 604.352
c7 456.416 421.415

o
o
©

o
o
)

o
o
S

o

CCl1 CC2 CC3 CC4 ccs5 cece ccy
Multi-Configuration

Total active power Losses (MW)
o
o
N

B ScenarioA M ScenarioB

Fig 7: Total active power loss at different scenarios and multi-PV configuration

The results of the analysis are presented in figures 7 and 8 for the two scenarios when the system was
operated as single and multi-objective function. The results show that favourable objective functions were
obtained in scenario B with multi-objective function solution.
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Total Operation Cost (£/h)
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o
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Multi-configuration
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Fig 8: Total operation cost at different scenarios and multi-PV configuration

This shows that when two or more objective functions are to be optimized in a network, the best
approach to adopt is to treat the objective functions as a multi-objective functions instead of analysing it
individually as a single objective function. This will give better and favourable results towards obtaining the
pareto optimal fronts.

VIIl.  CONCLUSION

This paper considers the security-constrained operation of a distribution network with multi-objective
function, multi-DG configuration and demand response integration. The results have shown the benefit of
adopting multi-objective function approach of analysis when dealing with more than one objective function in
the network. Also, the security constraints ensure that the steady-state operation of the network is maintained
when there is sudden loss of a single distribution line. The results from multi-DG configuration gives the system
operators the required information on the best location and sizing of DGs for optimal operation of the network.
The presence of demand response program reduced the operational cost of the network as consumers are
encouraged to shift their load demand from peak to off-peak periods. The proposed method will equip the
distribution network operators and planners with the necessary information towards managing the technical and
economic problems that arise in distribution network.
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