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Impact of Storage Devices with Renewable 2.
Integrated Distribution Network for Power Loss
Minimization

Bharat Singh, Satyaveer Singh Rawat

Abstract: The intermittent behaviour of renewable energy
generation has become an essential issue for power deficiency in
the distribution network. The high penetration of wind and solar
became the primary task for the optimal size of energy storage to
support the power mismatch. In the present work, the impact of
the energy storage device with distribution generation (DGs) have
been determined in a renewable integrated distribution system for
power loss minimization. The main contribution of this paper is:
(i) optimal location of DGs and battery are obtained by solving
single and multi-objective functions. (ii) Determination of DG
and battery size for minimization of power loss and system cost.
(iii) Impact of battery energy storage device on loss profile and
total cost of the system. Theimpact of day load variation has been
considered in the study. The results have been obtained for
|EEE-33 bustest system using a hybrid GAM S and particle swarm
optimization (PSO) algorithm. The power loss is reduced to
47.60% with single DG and battery energy storage (BES). In
addition, the power loss is reduced to 59.285% with two DGs and
BES. The simulation results of the test system have been
compared with other existing results.

Keywords. Radial distribution system, Power Loss
minimization, Battery energy storage device, PSO and GAMS,
Renewable Energy Resources.

I INTRODUCTION

Power lossreduction isasignificant issue for Renewable

energy planning in the Distribution system. The losses along
the distribution system are much higher with a higher value of
R/X component of the line as compares to the transmission
system. Therefore, the loss minimization in distribution
system has become an essential issue. Many of the utilities
have been used to compensate for the loss in the distribution
network. Therefore, the location and sizing of DGs is the
major issue in the distribution network. The coordination of
energy saving with the overall cost of the system is another
issue in the system. The integration of renewable energy
sources and their generation in the MG has constituted more
challenges for the control and operation in the power system.
There is some crucial problem to be solved to mitigate the
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intermittencies, load demand, voltage stability and power
mismatch. The solution has identified using the energy
storage system to store the electric energy at the surplus and
supply when needed [1]. Furthermore, the optimal sizing and
location of the Distribution Generations (DGs) along with the
ESS have required in order to solve the techno- economic
problem with the distribution network constraints. In this
context, the optimal size and location of the DGs and BES
must be determined accurately in the multi-objective
scenario. Moreover, the appropriate finding of the
optimization algorithm is another task for solving the
multi-objective problem. Furthermore, the main motivation
of this paper is; (i) the optimal location and size of battery
energy storage integrated with the renewable-based DGs have
to be determined. (ii) The energy-saving and the minimum
operating cost of the system must be found with the influence
of battery energy storage. (iii) The hybrid PSO and GAMS
agorithm has been proposed to solve the multi-objective
problem. A lot of literatureisavailablefor optimal placement
of DGsto minimize the power loss and voltage deviationsin a
network. Inthisregard, various algorithms have been used for
determining the location and size of the DGs. Authors [2]
presented the annual energy loss minimization with the
integration of DGsin the network. The optimal DG placement
using Stud Krill herd Algorithm (SKHA) for the radia
distribution system in [3]. Although, the Krill herd (KH)
agorithm has failed to select the global optimal solution in
search space. The population-based Gbest-guided Artificial
Bee Colony (GABC) optimization algorithm has used to
minimize the power loss and determine the impact of shunt
capacitor with DG placement [4]. Many of the literature is
based on the nature-inspired agorithm. In this way, the
optimal location of DG has been obtained by using Dragonfly
agorithm [5]. An improved particle swarm optimization has
been used for the installation of DG in Microgrid (MG)
system [6]. The anaytical representation is used to obtain the
size of DG at various locations for total loss minimization in
[7]. Theloss saving equations was also represented in [7].
The different types of voltage-dependent loads and a separate
line X/R ratios have taken into account to study the
distribution load flow [8]. Murty et a. [9] have considered the
multi-objective based optimization problem for the
uncertainty nature of renewable power generation. The
reactive power support has aso been done using the
installation of DG location in [10]. The optimal power factor
has considered for the position of DG to minimize the power
loss using PSO algorithm by Kansal et al. [10].

Published By:
Blue Eyes Intelligence Engineerin
and Sciences Publication

© Copyright: All rights reserved.

/e?’ O

Z N

"op jeuowe™”
www.ijeat.or

Exploring Innovation


mailto:bharat_6180045@nitkkr.ac.in
mailto:satya.firststep@gmail.com
mailto:ssr09fee@gbpec.ac.in
https://www.openaccess.nl/en/open-publications
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://crossmark.crossref.org/dialog/?doi=10.35940/ijeat.C2265.0210321&domain=www.ijeat.org

Impact of Storage Deviceswith Renewable Integrated Distribution Network for Power L oss Minimization

The Mixed Integer Non-Linear Programming (MINLP)
formulation has introduced in [11] for loss minimization. The
DG location has been obtained by combined power loss
sengitivity (CPLS) approach; however, the battery storage
was not considered.

The DGs ingtallation has been considered for generation and
load shedding cost using the Lightning search algorithm
(LSA) [12]. The clearness index of probability density
function (pdf) has been used along with Monte Carlo
simulation (MCS) to model the solar irradiance [13];
however, the battery energy support has not considered. MG
with four different types of DG has obtained to minimize
power loss and to regulate the bus voltage also. In the
literature [1-11] the power loss scenario-based optimal
location of DGs was obtained. Yet, battery storage has not
been found in the literature [1-11]. A lot of the literature has
found the dispatch strategy for the battery storage installation
and sizing. In this regard, the combined dispatch strategy for
battery storage along with PV-Diesel system has been
implemented in the HOGA (Hybrid Optimization by Genetic
Algorithms) program [14]. Moreover, the Genetic Algorithm
(GA) has been used. Although, the GA has the significant
disadvantage of its prolonged convergence rate since the
unguided mutations [15]. The wind-based Distribution
generation (DG) has not considered. The multi-source based
hybrid generation with battery storage using PSO algorithm
has been taken into account to minimize the total power loss
in [16]. The battery size determination has reviewed in [17]
with various indicators likewise, financial, technica and
hybrid indicators. Furthermore, these indicators are as
follows; Inthe Financial index, thelocal currency has become
the decision making for the benefit and overall cost of the
battery in renewable energy sources (RES). The net present
value (NPV) of the battery energy storage system (BESS)
[18] has represented to achieve the sizing and placement of
ESS. An optimal scheduling analysis for the vanadium redox
battery (VRB) has described based on cost-benefit review for
MG application [19]. In the technical index, the ESS has to
support the dynamic and steady-state behaviour of RESin the
MG system. The risk-informed decision-making process has
introduced to obtain the size of battery storage by using the
probabilistic approach [20]. In the composite index, the
battery size has been obtained by considering both financial
and technical indicators. The size of battery storage has been
determined by considering the electricity market for the wind
power plant [21]. The battery storage has also been
emphasized the operation and economics of the wind power
intermittency. In this paperwork, the composite index has
been taken into account for the techno-economic analysis for
battery energy installation. The metaheuristic techniques have
used to obtain the sizing and location of the BESS system.
The improved bat algorithm has used to obtain the size of
storage devices in an economic environment [22]. Although,
the BAT agorithm has a drawback of being trapped in local
optima in some cases. The reliability improvement has
considered for the sizing of battery storage in a radid
electrical distribution network [23]. However, the MINLP has
solved within the PSO algorithm. The PSO agorithm has also
used to obtain the optima sizing of BESS for improved
frequency control of system [24]. The economic benefit has
maximized in [25], with the BESS and wind farm by
considering the voltage of DC link to remainsin the limit. The
size and location of battery storage devices were obtained
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using flexible energy management (FEM) in the distribution
system [26]. Although, the main drawbacks of the PSO
algorithm are untimely convergence, drop down to reginal
optimal point and not enough multiplicity of population
founded [15]. Therefore, selecting a robust and strong
revolutionary agorithm in order to solve the complex
multi-objective problem has an important role. One of the
new hybrid algorithms which have great potentia is Particle
Swarm Optimization (PSO). PSO is a well-known
optimization technique created by J. Kennedy and R. Eberhart
in 1997 [27]. Moreover, it includes minimal storage
requirement, very fast to converge, very fast researching
speed, easy to use, no overlapping, no mutation calculation
and have the simplicity [24]. With this reason, in this paper,
the PSO agorithm is selected as a proposed agorithm. The
hybrid optimization of PSO with GAMS has been used to
overcome multiplicity in a population of PSO in this
paperwork. The BES has been considered for the energy
dispatchinamicrogrid in literature[ 28], although the dispatch
strategy was not considered for the BES ingtallation. The
combined dispatch (CD) control strategy; comprises the load
following (LF) strategy and cycle charging (CC) strategy has
studied for hybrid energy sources [29]. The net present cost
(NPC) and the cost of energy (COE) vaues have compared
with using different control strategy also. Therefore, the paper
proposed and investigated the optimal sizing and location of
battery energy storage along with DGs. Moreover, the
combined dispatch strategy for the installation of the battery
storage has been used in this paper. As evidenced by the
literature review, the main research gaps can be summarised
as.

e Lack of solution for the optimal sizing and location of the
BES aong with the DGs have not been considered with
both multi-objective and composite indexed based
scenario.

o Most of the optimization a gorithm has been solved for this
regards and have a lot of advantages as well as
disadvantage. Therefore the appropriate a gorithm hasto be
needed to find.

e Most of the literature is based on the installation of the
battery storage, but very few of them has used the dispatch
strategies. Moreover, for the optimal location and sizing of
storage devices, the battery dispatch strategy must be taken
into account for the best control and benefit.

Therefore, the purpose of the present work to address this

research gap and the key contribution may be summarised as

follows;

e The composite index has been taken using the combined
dispatch strategy for the installation of battery energy
storage.

e Theoptimal sizing and location of DGs with BES has been
determined to achieve the daily energy loss saving and
minimum operating cost of the system.

e The robust and strong revolutionary hybrid PSO and
GAMS agorithm has been proposed for solving the
complex multi-objective problem.
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Which can improve fast and smooth control for the results,
decreased the daily energy loss and the operating cost of the
system. Furthermore, the hybrid optimization has been
carried out in two parts as follows:

(i) First, the optimal location of BSS and DGs are obtained
using PSO algorithm.

(ii) Then, the optimal size of BSS and DGs are obtained
using MINLP algorithmin GAMS.

The hybrid agorithm has been carried out for both single
and multi-objective taken for the analysis. The PSO has been
utilized to obtain the optimal global position in the network,
and then sizing has been obtained using GAMS. The analysis
has been carried out to obtain the daily energy savings with
DGs and the impact of battery energy device on the savings.

1. PROBLEM FORMULATION

The main objective of the paper is; to obtain optimal location
and size of DG aong with battery storage devices for
minimization of the Daily energy loss of the network. The
single and multi-objective have been considered for the
anaysis.
The single objective problem has formulated as:

e Minimize the Daily energy loss with DGs and battery

storage devices.
In this paper, the problem has been solved in two parts. In the
first part; the location of DGs has obtained determining the
Daily energy loss minimization using PSO (Particle Swarm
Optimization) algorithm. The location of battery storage has
been obtained using the combined dispatch strategy in the
PSO algorithm.
Inthe second part: (ii) the size of DGs and battery storage was
obtained solving the problem with the MINLP (Mixed I nteger
Non-Linear Programming) in GAMS.
The multi-objective problem was formulated as:
» Minimization of the cost of Daily energy loss.
« Minimization of the total daily cost of the system for
24-hour load cycle.

Thetota cost of the system consists of the cost of energy loss
(CEL), the fuel cost of diesel generator, operation and
maintenance cost, replacement cost, and initial installation
cost of DG, PV, battery, regulator, invertors etc.
The problem has been solved first finding the optimal location
and then the DGs and battery sizes as for the single objective
problem.

The results are obtained for location, sizes, loss profile,
cost of energy loss, total cost, energy savings, and voltage
profile of the system. The fuel cost of diesel generator, along
with the operational and maintenance costs are also obtained.
The analysis has been carried out, taking one and two DGs in
a network.

A. Mathematical Model

In this section, the mathematical modeling of DGs, solar,
wind and battery energy storage has been represented as
follows;

Single objective function:

(i) Minimization of the annual cost of energy loss as:

OF1 = 365 % Cjpee % TL_, (TP, PL;;) - 0K 1)
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where, FL;; is the total active power loss in the line
respectively. Ak is the time duration in hrs. The cost
coefficient for theloss €. is60 (€/MWh).

Multi-objective function:

(i) Minimization of cost of energy loss and the cost of the
DGsas:

0oF2 = mfn{Tﬂtn{Custﬁﬂr + TotalCostyg, +

{Eustﬂgﬂ + Custﬁép‘gpr}} @)
where,

TotalCostsge = Lio1{Z12, Niny (@) - Costiny + Nogee (1)
Costpaer ]}

Cﬂsrﬁéﬂgﬁ = P’?u?i : {Er” fwfmr!sum?d} - T
CostiE = LL{EFE' (Nay (i) Costay + Nyya (1) -
Costyyng + Nr?g (OF Eﬂs*r?g ]} )
The net present value for al components are given as.

TotalCostygy = Costyy, + Costogy + Costae, (4)
Costyg, , is the acquisition cost, €, is cost of the energy
loss, Cost gy, iSthe operation and maintenance cost, Costy,,,
isthe replacement cost. The values of the parameters are
given in the Table-l. Ngy, Nyina » Nogees Nyegr Nigy iS the
number of PV panel, wind turbine, battery, regulator,
invertors respectively. Costpy, Costy g, Costyge, Costy,,,
Cost;,, iS the net present cost for PV, wind , battery,
regulator, and inverter respectively. fuel, ncumea IS fue
consumed by the DEGs, Fry; isthe fuel price (litter/kWh),
and T isthe total time period of operation.

The equality and inequality constraints are:
1) Optimal power flow formulation

FF = (Pgf —Pdf) = VF I}, (Gh cos(6F —of ) +
Bf sin(sf - &F))

®)

le. - {Qﬂ_fk B '?_dlg} = VF BV (6 smnlsf —af ) -
B cos(sF — &7 ) (6)
YieSz&kess

where 5 is the set of buses, and 5; is the set of Time k.
PdF and Qdf arethe active and reactive power demand for i™
bus at k™ time period.
Inequality constraints:

2) Power generation
By :Pdpg: *_" n'\'nd(_f] ‘Pn'l‘ndF +NFV(E] ' PPL? t
Vil (B - ) %

Qﬂl’k = degr + Niping (i) - Qrving ,h )

where, Fy.q I“ and Q4.4 f_‘are the active and reactive power
supplied by adiesel generator for the i" bus at the k™ period.

3) Power Loss

b= ﬂ;.i_|: m;*(q;: m(a;- .

i) 48]l -] - 5] < Pl ©)
where, PI% . is the maximum apparent power flow
through the line at kth hrs. [ € 5, isthe set of theline.
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4) Transmission line sending end and receiving end
constraints

h £l
'F:I'Si’l'li"J = *F:r J-i::‘r.sﬂ'.,n:.r d L E 'S:r's
Q;srrlr' = II-?.,r.s = Qfsi‘TI:IJ P EE fs r
k H
'F_,l"—i’i’l'li’!j- E'F:l'i’j E'F:l'i’i‘TI:IJ ‘E5fr
k B
'I-?,r'rrm'r! i = '?,r'rj- = errr.,cxj-' L E 'S:r'r' (10)

5) Limits of the capacity of the distribution system

PI™ < Pg; < PII™*, i€ S (11)
QF" = Qg = QN ie5; (12

6) Limitsfor voltage and angle
it 2V sV, e S, (13)

7) Limitsfor voltage and angle
ﬁw ‘=6 = er vi=12..nb (14)

8) Power factor limits _

pfl® <pf < pf7. i€5; (15

B. Mathematical modelling of energy sources

In this section, the mathematicd modelling of
renewable-based DGs, diesel generator based DG and battery
energy storage are given.

1) PV Panel modeling

The PV generator is the renewable source which provides
the DC current at 48 V. The Monte Carlo Simulation (MCYS)
has been taken for the exact modeling of solar power output.
In this scenario, 1000 numbers of the sample have been taken
for simulation.

200

= 800

(kW)

= 700

PV-based DG power ontpy

5]
=

1 23 456 7 8 910111213 141516 17 185 19 20 21 22 23 24
Time (hrs)

Figure 1 Solar power output curvefor 24 hrs

The solar PV model is:
Pegtar (Ig) = Noy - FF -V -1 (16)
where, F,,;.- iS the output power, FF is the fill factor, V' is
the rated voltage, I is the current output, and IV, is the total
number of the solar panel [13]. The Figurel shows the solar
PV -based DG power output for 24 hrs.

2) Wind model
Inthis paper, the quadratic model of wind has been taken. The
wind turbine model isas:

Rn'l'r'd =
v — vy )? ) - =
Proted * ( ,-f{b —Vm]:] PV 2V
Prares i U S0 = Vg
0 ; V= Voye @18 1 < Ve

(17)
where, P, ;.4 IS the rated wind power, B,;.s is the wind
power output. 17, iscut inthevelocity of wind, v, iscut out
wind velocity. Figure 2 shows the wind turbine power output
curve.
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o 5 10 15 20 25 30 35
Wind Velocity (m/sec)

Figure 2 Wind turbine power output curve
3) Battery model

The battery storage works as backup storage. The discharging
and charging power limits of battery are the control
parameters. These parameters depend on the dispatch strategy
[29]. The state of charge has been calculated for each battery
in such a way to balance the power. The maximum value
depends on the nominal capacity, while the minimum amount
depends on its Depth of Discharge (DOD).

SOCpmin = Npat Cn(1 = DOy pac) (18)
SOC,ns = NpasC (19)
SOC(k + AK) =SOC ). (1 — &) + (Popeen —
Puis. ] Ak
(20)

Epare; (k) = [max(S0C;(k)) — min(S0C;(k))]- Vo (20)

Where, DOD,.... o iSthe maximum depth of discharge, C,
is the nominal capacity (Ah), Ny.. total number of battery,
50C is a dtate of charge, F.; charging power, Py is
discharging power, n., and 5,4, ae the charging and
discharging efficiency of the battery. E.. ; is the energy
capacity in (kwh) and V5 isthe DC bus voltage.
Congtraints:

SGE,-”“{J{] = 50C;(k) = SGC‘“"’{.’{] (22
Ni'cr':fj 'Pri':_ml'n:-; 5 Plrr',h = Nﬂcr{ ] ch m:.r
Nn’:lct'::-] 'Pdl's_ml'r!? = P;:'l'.s,' = ‘n"r[:lr.'t': ] Pdl.s maX (23)

where, i is the total number of buses in the network .i.e.
Pt min @0 Py o, @€ the maximum and minimum
charging power limits for 24 hrs of the battery, respectively.
4) Combined Dispatch Strategy
In this paper, the combined dispatch strategy is implemented
for the location of the energy storage device. In the combined
dispatch strategy, the load following (LF) and cycle charging
(CC), both strategies have been used [16]. The decision
parameters for dispatch strategy are critical discharging load
(Lz) and the critical charge load (L,). The Ld and Lc are
formulated as follows;
I'r = {Ldﬁg * ??} / (24)
Ld = { Nine * Ldpg}.;':crjrfi:lctt — Ninp * "'J] * P’?..ep: (25)
wherethe L, isthe net cost coefficient of diesel generator,
L. iscyclecharging coefficient for battery and formulated as;
Ldpg = B"F:‘J'EP?‘ * P’:r'..epu + CDStD&MgP'i’! + CDStﬂpp (26)
Lec = NenMpare * Ifr].rn::u:rr +(l-—n=A= P’:r'upi] (27)
wheren = 1.4 * Nparr * Nine 1S the overall efficiency, 1.4,
Naare» Ninp &€ the efficiency of the charger, battery and
inverter respectively.
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Coycivare 1S the cost of cycling energy [14].
The value of net DC 10ad (Pd e oaa’ | ) for the highest at
the busis given as

Pd“”—‘:md:‘i:idz = Pdn?t_:,c-cd? - {PPV;‘. + Pying r} (28)
According to the combined dispatch strategy;
Pd_... %< L_:Cycle charging strategy
If r!?t_un-r.'d_l c ¥ ging g (29)

K

Pd e Load; = Ly: Load following strategy

where the value of the bus (iqg) is obtained by solving the PSO
approach. Initially the value of Pyzz,  is taken as the rated
value of diesel generator of 4 kW. The vaue of Ppzg;; is
used for finding the cost coefficient for diesel generator (26)
and location only.

In the proposed algorithm, the PSO, along with combined
dispatch strategy, has been used for obtaining the location of
DGs and battery storage devices.

The combined dispatch strategy is depicted in Figure 3, which
comprises the cycle charging and load-following strategy.
The load following strategy aims to meet the demand. The
priority isto meet the load demand with renewabl e sources of
energy. The backup sources are met the load demand in case
the net load (Pd et 1oag I_“=i ﬂw) exceeds the demand. Which is

mainly based on the critical discharging load (L4). On the
other hand, the cycle charging strategy is used when the
battery storage is not able to meet. In the cycle charging
strategy, the diesel generator is operated at full capacity, and
it does not exceed the battery charging power. Moreover, the
diesel generator is a continuous run to meet the demand and
charge the BES a so.

| | LOAD FOLLOWING STRATEGY ‘

Run the load flow, calculate the Ploss & Qloss
Calculate the Total Energy Lossin MATLAB
Select the node at highest TEL as optimal DGs |

location

Diesel Gen ON
| ||  Battery discounected | | Battery meetsload
P_diesel_Gen =Net Load Pbes=Net Load

i T ]

No y

es
Net Load<=Ld

No

Diesel Gen Off

s i it i it i

Read renewable energy sources
Obtain Net load Demand (28)

Diesel and BES
meet the Load

| | | Diesel Gen ON
Demand

Charge battery
and meet demand

Battery get

Charged J I

r |
| |
| Yesf\'o I

T [

I
|
|
|

Figure 3. The combined dispatch strategy

5) Radial Distribution system

Theradial distribution system comprises of the source at one
node and |load at the end connected node with the help of line.
The designed power generation system consists of the static
load for 24 hrs of variation, solar PV-based DG, wind-based
DG, diesel generator- based DGs and batteries. In Figure 4,
the equivalent circuit model of aradial distribution systemis
represented.
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19 20 21 22

Figure 4 |[EEE-33 busradial distribution test system

[, ALGORITHM

In this section, the various steps have explained to solve the
optimization problem using MINLP solver in GAMS. The
MATLAB and GAMS interfacing has also been described in
this algorithm for solving the hybrid optimization algorithm.

A. Implementation of PSO algorithm

The following steps have implemented for solving the large

scale nonlinear problem.

o First, the PSO has initialized in multidimensional search
space along with apopulation of particles having random
position and velocity.

e The comparisons of each particle have made with its best
position, i.e. p_nes FOr global best (g_best), the best
fitness value of objective function has selected. If the
current value is better than neighbour value, the g_best
and p_best, have been updated respectively.

e The velocity and position have been updated for each
particle in multidimensional search space by using
equations as follows;

Jer+l _ o, (ke . ( iter _
v =w-v; +opcrand, -lp U

N iter  _ _iter
rand, {ﬂ_apsr 5 }

Sl'_n:r} te.

-1

(30)
sl'_rpr+1. — 5|'_n=+r + 1f,[n=~r+1. (31)
i i i
where w isweight function given as
\Winpr —Wmin!
WS Wiax Ty ey T (32)

The PSO parameters take are cl=c2=2, w_max=0.9,
w_min=0.4, Max_iter=100. The PSO algorithm has been
used to obtain the optimal location of DGs and battery storage
to minimize the Daily energy loss.

B. Thehybrid PSO and GAMSalgorithm

In the proposed hybrid optimization a gorithm from step 1 to
4; the PSO agorithm has used. Whereasin step 5 to step 8, the
MINLP solver in GAMS has used for obtaining the size of
DGs and battery storage.
Stepl
(a) Initialize the random population for PSO algorithm.
(b)Solve the equation for wind and solar power
calculation.
Step 2
(a) Run the load flow program for 24-hrs and obtain the
base Case Daily energy loss using PSO algorithm.
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(b)Select the candidate node having the highest energy

loss for DG location. Save the place for DGs.
Step 3 Solve the combined dispatch strategy for each buses
i=1to nb and k=1to 24 hrs.
(a) Obtain the position of batteries at each node
determining the net load current from step 2(a).
(b) The iteration for i™ bus and k™ time solve up to
i—i+Lk=k+1. Ifi=<nband k=T, go for
step 2 otherwise go to next step.
Step 4. After obtaining the location of the candidate node, the
size of DGs, aong with battery storage, has determined.
Transfer the all control parameter from MATLAB to GAMS.
() Solve the objective function (1) and (3). Solve the
constraints equation from (5) to (15) calculate the
SOC using MINLP solver.

(b) Obtain the size of the battery (20), SOC, charging and
discharging of the cell, and solve equation (21) and
(22).

(c) Obtain the size of DG by solving constraints (24) and

MATLAB

Read System Data

[IEEE 33-Busdata]

I Transfer the control parameter to
—| GAMS software to solve the
optimization

! ]

|
|

| ]
I Calculate the SOC, size of battery at

each obtained location of hattery and

‘ ‘ Run the optimal power flow ’ '

Start the iteration
Set iter=0, for k=1

Start the iteration for i=1

total cost using MINLP solver
Optimal size of DGs at obtained
location of DGs , minimizing the total
energy loss and reduce the cost of

|
[Calculate the Incidence Matrix A Juxn |
|

[calculate the Y bus matrix Joxn Energy Loss.
[Read data for 24 hourly Load Demand Juxk l
Transfer all variable from GAMS to

Run the load flow, calculate the Ploss & Qloss

Calculate the Total Energy Lossin MATLAB

Select the node at highest TEL as optimal DGs
location

Run the power flow to calculate the
Voltage and Power Loss profile

i)

Calculate the load current
Follow the Combined Dispatch Strategy
Calculate the required battery current

|
|
|
|
|
| F——
|
|
|
|

|
|
|
|
|
|
|
|
|
|
|
|
|
1
1
|
MATLAB |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

| ‘ [Find the DGs position | matrix (abxk)
[

L__________U]l— |

Find the battery position ] matrix (nbxk)

Figure5 Flow chart for the proposed method

Step 5 Transfer the objective variables form GAMSto
MATLAB.

(a) Get the results
Step 6 Print the results.
The flow chart of the proposed algorithm is shown in Figure
5.

V. SYSTEM DATA

The input data used in this paper has shown in Table-l. The
cost estimation datafor the PV -based DG and wind-based DG
have been taken from the National Renewable Energy
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Laboratory (NREL) [30], [31] & [32]. The data for battery,
regulators and investors are taken from the literature [12-13].
Table-l Theinput datafor the energy sources[30], [31] &

[32].
Descript | Install Oper ati Replace | Lifesp Rating
ion ation on and | ment an

cost ($) | Mainten | Cost (year)
ance (P/Lifeti
Cost me)
($lyear/
kW)
PV 2400 18 28 @ | 25 800
module 25 year (kW)
of life
time
Wind 37245 | 31 3009.5 20 1000
Turbine (kW)
amMw)
Battery | 600 20 464 @ | 145 100
Storage 1.45 year (kWh)
A. Load data

The 24 hrs load variation at each bus has been taken for the
study, and load variation is shown in Figure 6. The reactive
power demand is maximum at 31st bus, whereas the active
power demand at bus number 24th and 25th respectively.

Active Power Demand

oo

10 20 30 = ) 10
Bus Number Time (hrs)

Figure 6 Load Demand for 24 hrs.

B. PV Solar and Wind Data
The solar irradiation data and the wind speed data are taken
from the online mode, i.e. National Renewable Energy
Laboratory (NREL) [30], [31] & [32]. In Figure 7, the solar
irradiation is shown.
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Figure7. Hourly solar irradiation profile
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Figure 8 Hourly wind speed profile

In Figure 8, the hourly wind profile is shown. The cut of
velocity vy, of 2.6 (m/s) and cut out wind velocity v, of 20
(m/s) are taken into account for the wind turbine operation.

V. RESULTSAND DISCUSSIONS

The results are obtained for the IEEE 33 bus radial
distribution system having DGs aong with the storage
devices.
In objective (i), two cases with the base case have been taken
asfollows;

e Base Case: Without DGs and Battery storage devices.

e Casel: Single DG with Battery Storage Devices.

e Case2: Two DGswith Battery Storage Devices.
The 12.66 kV 33-bus IEEE test system along with
sessional load variation, has been considered for the analysis.
In objective (ii), two cases have been taken as follows;

e Case3: Single DG with Battery Storage Devices.

e Case 4: Two DGswith Battery Storage Devices.
The results and comparison have been shown in afurther
section.

A. Resultsfor Single Objective Function

The results are obtained for IEEE-33 bus test system. The
peak demand for the test system is 3715+j2300 kVA.

1) Resultsfor Base Case
Theload datais shown in Figure 6. The Daily energy demand
for 24 hrs load variation is 73.9285 MWh. The minimum
voltage found is 0.9037 pu at bus number 18. The Daily
energy loss for a day obtained is 2031.45 kWh. The annual
cost of energy loss (CEL) obtained is 88,712.8 (€).

2) Casel. Result for Single DG

a) Result for single DG without battery energy storage

In this section, the size of DGs is determined without
considering the BES. The DG of single-unit 2590 kW at 6"
bus, and two units of 864.8 kW, and 1076.8 kW at bus 13"
and 30" bus are obtained respectively using the proposed
algorithm. Furthermore, the power loss profile for a single
unit and two units of DG is depicted in Figure 9. The power
lossis reduced to 110.10 kW and 87.36 kW with single and
two units of DGs, respectively.
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130 Power loss profile for DG units using PSO
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Figure 9. Power Loss Profilefor singleand two DG units

with PSO algorithm

In addition, the Daily energy loss obtained without battery
storage is 1950 kWh for a single unit and 1750.56 kwWh for
two units of DG, respectively for 24 hrsload variation.
Therefore, annual energy loss saving is increased to
€53022.5.

b) Result for single DG with battery energy storage
The results obtained are superior to the proposed method is
compared to another method in Table Il. With using the
battery energy storage, the DG size is reduced to 1479.7 kW
from 2590 kW using the hybrid PSO and GAM S algorithm as
givenin Tablell. The size of battery energy storage obtained
is 116.74 kWh. The optimal location of battery storage is
selected using a combined dispatch strategy. The maximum
and minimum numbers of battery cell obtained are 8 and 4,
respectively.

The power loss is reduced to 110.55 kW with BES and DGs
since the degradation lossin BES. However, the power lossis
reduced to 110.10 kW using DG only. The daily energy loss
obtained with battery storage and single DG is 1062.2 kWh
for 24 hrs load variation. In addition, the power loss is
reduced to 47.60 % with DG and BES, as compared to the
base case, which is dlightly decreased to 47.60 % from
47.80% with DG only. Therefore, annual energy losssaving is
increased to €52786.008.

3) Case 2. Result for Two DGs.

a) Resultsfor two DG units without battery energy storage
In this scenario, the proposed algorithm has used the size of
two DG units obtained are 864.80 kW at 13" bus, and
1076.80 kW at 30" bus, respectively. The power loss is
reduced to 87.36 kW form 210.98 kW with compared to the
base case. Therefore, the annual cost of energy loss saving is
increased to €64974.67.

b) Resultsfor two DG units with battery energy storage

The size of renewable-based DGs obtained are 655.74,
901.64 at 13th and 30th bus respectively. The total size of
diesel generator obtained is 120 kW, and the maximum size of
battery storage is 58.368 kWh at 30th bus.
The energy loss has been reduced from the base case of
2031.5 kWh to 821.84 kWh by using battery energy storage
and DGs. The power loss is reduced to 85.9 kW. Therefore
the percentage of power loss reduction obtained is 59.28%
with the base Case asgiven in Table l11.

%
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The daily energy loss obtained is 1750.56 kWh using two
DGs only, whereas daily energy loss obtained is 821.84 kWh
using two DGs and battery storage. Therefore, the annual cost
of energy loss saving isincreased to €65742.048.

B. Resultsfor multi-objective case

The multi-objective function comprises of minimization of
daily energy loss and the total cost of the system. The results
are shown in Table-IV for the multi-objective function of
Case-3 and Case-4.
Table-1V Resultsfor the multi-objective problem of
Case-3 and Case-4.

C. Comparison of results with another existing algorithm

In Table-V, the simulation results with single, and two DG
units are given, and the proposed method is compared with
the PSO algorithm also. The results are compared with the
proposed method and the PSO algorithm. The single DG of
size 1355.7 kW is installed on the 6th bus. The total size of
single DG with battery storage and diesel generator obtained
is 1479.7 kW dong with the battery of 116.74 kWh.
Therefore the total power loss has been reduced to 47.606 %,
and the CEL saving has achieved (€) 42,228.80. In the two
DGs scenario, the DGs of 655.74 kW and 901.6394 kW are

Descriptions Case-3 Case-4 installed at the location of the 13th and 30th bus, respectively.
Total Cost of System (€) 1475182 | 130857.28 Consequently, voltage regulation has been improved in the
, 1 proposed technique in both the Cases of DG1 and DG2.
Daily energy (E\‘mé;”d for24hrs | 73929 73929 Therefore the total power loss has been reduced along with
Daily energy Lossin Base Case | 203149 503149 the enhangement gf voltage profile. _The power |oss obtained
(kWh) after the installation of two DGs is 85.908 kW, and CEL
Daily energy L oss (kWh) 1062.21 821.84 saving is (€) 52598.68, respectively. The currency change
L ocation of DG at Bus number 6 6 13 factor taken is 0.8 from Doller ($) into euro (€). It is clear
mated Wind Power Generation 1400 - 10 from_TabIeIII an(_j V; the reeu_lts_ of the proposed _hybrld
(kW) 0 a gorithm are superior to other existing methods. By using the
Rated PV solar Power (kW) . 800 . battery storage; the power loss, the required size of DG and
Total Sze of DG (kW) 1400 1800 CEL has been reduced with _compa_req to other technl_ques.
Therefore the battery storage is maximized the cost-saving of
Total Size of Battery (kWh) 14502 1164.288 energy loss from (€) 52,059.6 to (€) 52598.64 in the network.
Number of Battery in Parallel and 4X2 4X1
Series Table-V. Theresultsfor singleand two DGs with and
Rated Diesel Generator (kW) 4 4 without BES
Fuel used (liter/day) 513 499.31 Single DG unit Two DG units
Without BES [With BEJ  Without BES  With BES
Total cost of PV (€) 14265.27 Descriptio| PSO PSO+ PSO+ |PSO[10]] PSO+ PSO+
Total cost of wind (€) 48760.6 34684.82 n [10] | GAMS | GAMS GAMS | GAMS
Total cost of Battery Storage (€) 34264 27339.065 Il;l(jgatlon ate 6 6 13,30 13,30 13,30
Grid Cost of electricity (€) for 83.21 6.2 DG Size | 2590 | 2592.2 | 1355.7 | 864.79 | 851.63 | 655.74
20€/kWh (kW) 1076.8 | 1157.58 | 901.63
Total cost for invertors (€) 64000 53760 Total size 124 120
Total cost of regulators (€/per 402.48 gLnDEE?/‘i/)
unit)
- BES (kWh) 116.7 630.9
Fuel cost of Diesel Generator (€) | 410.4 399.448 DG total | 2590 | 259021 | 1479.7 | 194150 | 2009.21 | 1677.37
Annual cost of energy loss (€) 23262.39 | 17998.296 TPL (kW)| 1101 | 1103 1105 | 87.36 87.16 859
9 TPL [4781 [4768 [4760 [5859 [5868  [59.28
Annual cost of energy loss saving | 21227.23 | 26491.335 Reduction
() 2 (%)
Power loss reduction 47.712 59.544 Min.V [0.94236| 0.94239 | 0.9321 | 0.96611 | 0.96851 | 0.967
- - —! (pu)
Comparing the results obtained for Case 3 and Case 4, it is Voltage | 2.798 | 2.796 | 3.296 | 2.127 | 2050 | 2101
observed that a number of batteries and size obtained are De\(/iat)ion
: %
morefor Case 3. Thetotal cost of thesystemlslgwer for Case Annual |57868.5|58015.73|58105.08 | 45916.42 | 45814.98 | 45149.04
4 compared to Case 3. The power exchange with the grid is CEL (€) 6
|ower for Cese 4 compered to Case 3. The price of electqc@y Saving in |53022.552875.36 | 52786.01 | 64974.67 | 65076.11 | 65742.05
taken is 20 20€/kWh. The power exchange with the grid is Annual 3
lower with case 4. Therefore, the grid cost of eectricity is CEL (€)

lower for Case 4 compared to Case-3. Thetotal size of BESis
reduced to 1164.288 kWh (case 4), from 1459.2 kWh (case3)
since the larger DG size of 1800 kW for case 4. Thus the
overall cost of the systemisreduced to €130857.28 with case
4, from €147518.21 with case 3. In addition, the annual cost
of energy loss saving obtained is€21227.232 and €26491.335
with case 3 and case 4, respectively. The power loss is
reduced to 47.712% with case 3 and 59.54% with case 4.
Therefore, case 4 has obtained better results as compared to
the case 3.
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The voltage profile for single and two DG units without BES
is shown in Figure 10. The minimum voltage obtained is
0.90377 pu, 0.94236 pu, and 0.94239 pu for the base case,
single DG using PSO, and single DG using PSO and GAMS,
respectively.
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In addition, the minimum voltage of 0.96611pu and
0.96851pu is obtained for the PSO and proposed hybrid
method for the two units of DG respectively.

s Withont BES_DG1 s Without BES_DG2 ——Base Case ——PS0_DGl ——PSO_DG2
1
0.99 ‘R = T
0.98 I\ \
_ 097 ™
Z 096
g, 0.95
S 094
- 093
0.92
0.91
0.9
12345678 921011121314 151617 18 192021222324 252627 282930313233
Bus Number
Figure 10. Voltage profilefor single and two DG units
without BES

D. The power output profile
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Figure 11. The output power of renewable DGswith
battery storage devices and Diesel generator

In Figure 11, the output power of renewable-based DGs aong
with the battery storage and adiesel generator is shown for 24
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charging
load (Lc in
W)

Battery 221 1.45 3.85 1.45
Replacement
Cycle (year)
Rated 3 4 4 4
Capacity of
Diesdl
Generator
(kW)

Total Net
Present cost

©
The maximum size of battery and diesel generator, location,
and optimum cost has been obtained. The comparison
between the effects of battery, diesel generator with the
existing method isgivenin Table-VI. In the purposed method,
the size of individual battery storage obtained is 13.8 kWh.
There are two no’s of batteries in series and one in parallel
connected. The capacity of each battery is 144 Ah taken into
account. The critical discharge load (Ld) and Critical
charging load (Lc) are the decision parameters for obtaining
the optimal location of battery and diesel generator. The (Ld)
and (Lc) obtained are 3213.144 W and 1466.129 W for the
location of the battery, respectively.

162388 179938 168239 175886

F. Theimpact of battery storage

In this section, the results with battery storage are shown in
Table-VII. Theimpact of battery storage on the sizing of DGs
and energy loss saving in the distribution network has
demonstrated.

Table-VII: Impact of battery storage on DG’s

hrs. The maximum power output of diesel generator is 200 Without Battery With Battery
kW at 12th, 14th and 15th hrs since the maximum load Size of DG (kW) E?' {;f of
ery
demand. The peak demand of 3715kW hasmetat 11th hrson \—g o5 e 55571 Gows | 13557 @bwsro. 6 | 116.74
the load curve. The wind generator of 1000 kW isinstalled at (KW) no. 6 +124 @ Diesdl Gen (KWh)
30" bus, whereas the PV solar isinstalled at 13" busto meet | Energy Loss 1950 1062.2
the |oad demand. (ki) with
E. Con'parimn of Results for D|q)atch Strategy Size of DG-2 851.63 @ bus 655.74 @ bus no. 58.36 (kWh)
. . . (kW) no. 13 30
Table. VI describes the results of the dispatch strategies have 1157.58 @ bus | 901.63 @ bus no.
been used in different methods. The combined dispatch no. 30 0@ %Qe*j e
. . . + | en

strategy is used in this paper. . . Energy Loss 1750.56 821.84

Table-VI. Resultsand comparison between different With DG-2

dispatch strategies and methods. (KWh)

Description HOGA HOGA HOMAR | Purposed
s [14] [14] [14] Method
(PV-Diesdl | (Diesel (4% (PV + Diesdl
) Only) Diesel ) + Batt)
Size of | 13.8 13.8 13.8 13.8
Battery
(kWh)
Nominal 2x 4 panels | 2x 4 | 2x1 2x 1 panels
capacity of | of 144 Ah, | panels of | panels of | of 144 Ah,
Battery 12V 144 Ah, | 144 Ah, | 48V
12V 8V
Charge 107 63 - 107
Regulator
Current (A)
Dispatch Cycle Combined | Cycle Combined
Strategy Charging Charging
Critical 2768 3391 - 3213.144
discharging
load (Ld in
W)
Critical 1186 1452 1466.129
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G. Voltage Profile and Power Loss

The proposed algorithm has been used to obtain the voltage
regulation also. The minimum voltage of Case 1 and Case 2
for 24 hrsload variation is shown in Figurel2.

V (Before)

V (after)

Voltage (pu)

Time (hrs)

Figure 12. Voltage profile for 24 hrsload variation for
| EEE 33-bussystem
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The minimum voltage obtained is 0.9635 pu across 18th bus
at 12th hours for Case-1. The minimum voltage obtained is
0.9766 pu across 33rd bus at12th hrsfor Case-2.

In Figure 13, the minimum voltage profile for 33 bus systems,
isconsidered for 24 hrsload variation. The voltage profile has
enhanced for Case-2 and Case-1 as compare with the base
Case.

Vmin Case2

Vmin Base Case Vmin Casel

1 3

N\

Voltage (pu)
[=]
jl=]
(=]

5 7 9 11 13_15 17 19 21 23 25 27 29 31 33
Bus Number

Figure 13. Minimum voltage profile for various case
study

s Vmin Base Case Vmin Casel Vmin Case2

Ploss Base Case =———Ploss Casel ———Ploss Case2
1 140

0.99 120

—
=)
S

80
I ‘
60

= Ll
0.94 | 40
0.93 20

0

Total Power Loss (KW)

12345678 9101112131415161718192021222324
Time (hrs)

Figureld. Power lossand voltage profile for 24 hrsload
variation

The total power loss and improved voltage profile have been
shown in Figureld for 24 hrs load variation. The highest
voltage at 5th hrs and lowest at 12th hrs have been obtained
for each case. The total power loss has been reduced by
increasing the numbers of DGs. Therefore, in Case2; the real
power loss and voltage profile have superior results with other
Cases. The minimum power |oss has obtained with Case-2 at
4th hrs, whereas the highest power loss obtained at 15th hrs.

VI. CONCLUSION

This paper represents the hybrid PSO and GAMS
optimization using MATLAB and GAMS interfacing to solve
the multi-objective problem. This study provides the optimal
sizing and siting of battery storage with the integration of
renewabl e sources to minimize the Daily energy loss and cost
of the system also. The proposed hybrid algorithm has solved
intwo parts. (i) Inthefirst part, the PSO algorithm, along with

a combined dispatch strategy, has been addressed to obtain
the location of DGs and battery storage. (ii) The MINLP
algorithm in GAMS has been solved to get the size of DGs
and battery storage.

This study is provided with the integrations of
renewable-based DGs along with battery storage to minimize
Daily energy loss, operation and maintenance cost of DGs,
CEL, and enhanced the voltage profile. The ssimulated results
have carried out four Cases. In Case-1, the size of single DG,
diesel generator, and battery storage obtained are 1355.676
kW, 124 kW, and 116.736 kWh respectively. The power loss
has been reduced to 47.713%, and The CEL saving achieved
is (€) 52,786.0. On the other hand, in Case-2: the size of two
DGs, diesd generator, and battery storage obtained are
655.74 kW, 901.6394 kW 120 kW, and 58.368 kWh
respectively. The power loss has been reduced to 59.547%,
and the CEL saving obtained is (€) 65,748.3. The Daily
energy loss and cost of the system have minimized with two
DGs. In Case-3 and Case-4, the multi-objective problem has
evaluated. Thetotal cost of the system for Case-3 and Case-4
obtained are (€) 136244.09 and (€) 120433.89, respectively.
Therefore, the total cost of the system has been reduced in
Case-4. This study provides the optimal economic
coordination of DGs along with the battery storage to reduce
the losses. The impact of battery storage on the size of DGs
and energy saving is as follows: (i) the size of single DG has
been reduced from 2590.21 to 1479.7 kW respectively and
(ii) the energy loss has been reduced from 1950 kWh to
1062.2 kWh DG with and without battery storage
respectively. (iii) Thetota size of two DGs has been reduced
from 2009.21 kW to 1677.3 kW and (iv) the energy loss has
been reduced from 1750.56 kWh to 821.84 kWh respectively
with and without battery storage. The hybrid optimization and
combined dispatch approach have provided efficient
installation of battery storage with the optimal economical
operation of DGs. The best combination for economical
operation and loss minimization obtained is, PV-based,
wind-based, diesel generator + battery storage.

Table-11 Comparison of resultswith other existing resultsfor single DGs

Description Base Case GABC KHAAQ SKHA [3] | GABC Dragonfl GA& Proposed GAM S+PSO
[10] 43 (4] y[3) [T32]PS'S Without | With BES
BES
DG Size(kW) | ----- 1543 2590.21 2590.21 1543 2590.2 1911 2590 1355.7@
DG+124@
Diesel Gen
+116.74 kWh
@BES
DG total size | ----- 1543 2590.21 2590.21 1543 2590.2 1911 2590 479.7
(kw) P
vo ""O/
o\
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Location at | ----- 30 6 6 30 6 8 6 6
bus
Power  loss | 210.98 125.15 111.01 111.01 125.15 111.03 118 110.10 110.55
(kw)
Power  loss | ----- 40.68 47.38 47.38 40.68 47.37 44.07 47.81 47.60
reduction (%)
Minimum 0.9 0.927 0.9424 0.9424 0.927 0.9424 0.9448 0.942363 | 0.9321
voltage (pu)
Voltage =~ | - 7.3 5.73 5.76 7.3 5.76 5.52 5.7637 6.78
regulation
(%)
Annual Cost | 110891.08 65778.84 | 58346.85 58346.856 | 65778.8 58357.368 | 62020.8 57868.56 58105.08
of energy loss 6 4
©
Annua cost | ----- 45112.24 | 52544.23 | 52544.23 45112.2 | 52533.72 | 48870.28 53022.52 | 52786.008
of energy loss 4
saving (€)
Table-111 Comparison of resultswith other methodsfor two units of DGswith and without BES
Description Base KHA [3] | WIPSO-GSA | SKHA HGWOAQ4 | GA& Proposed
34 3 35
Case [(34] [3] (3] EI'3(§]PS|S Without | With BES using
BES GAMS+PSO
DG Size (kW) 1241.71 | 850 851.63 852 846 864.79 901.74
824.48 1140 1157.58 1158 1150 1076.8 655.74
630.9 (kwh) @BES
+15.40 (kW)@ Diesel
Gen
Total size of DGs | O 2066.19 | 1990 2009.21 | 2010 1996 194159 | 1677.37
(kw)
Location of DGs 29,30 13,30 13, 30 13, 30 13, 30 13, 30 13, 30
Power loss (kW) 210.98 87.42 87.17 87.16 87.16 87.17 87.36 85.9
Power loss reduction | O 58.5647 | 58.68329 58.6880 | 58.68803 58.68329 | 58.593 59.285
(%) 9 3
Minimum  voltage | 0.9 0.9667 9679 0.9684 0.9684 0.9687 0.96851 | 0.967
(pu) 2
Voltage regulation 3.33 321 3.16 3.16 3.17 3.14878 | 3.296
(%) 6
Annual  Cost of | 110891. 45947.9 45816.55 45811.3 45811.3 45816.55 | 45916.4 45149.04
energy loss (€) 1 5 2
Annua  Cost of | O 64943.1 65074.54 65079.7 65079.79 65074.54 | 64974.6 65742.048
energy loss saving 4 9 7
®
List of Symbols
P Solar output | P iua Wind output Pt.,:‘ Charge power | 4, B Fuel curve constant
power power for i bus at k"
time
NPV Net present | N, iua Number  of | L,. Cycle charging | Pucen Rated power of Diesel Generator
value wind Turbine coefficient
FF Fill factor Vig Cut in| Pd,., IM} Net DC load for | pfu.,, Power factor of Diesel Generator
velocity  of | i"busat k"time ‘
wind,
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