International Journal of Electrical, Electronic and Communication Sciences

ISSN:

2517-9438

Vol:4, No:3, 2010

Influence of Distributed Generation on

Congestion and LMP |
Mar

n Competitive Electricity
ket

Durga Gautam and Mithulananthan Nadarajah

congestion.

Abstract—This paper presents the influence of distributed High congestion cost is essentially the signaleigpanding

generation (DG) on congestion and locational maigimice (LMP)
in an optimal power flow (OPF) based wholesaletelety market.
The problem of optimal placement to manage congestnd reduce
LMP is formulated for the objective of social weamaximization.
From competitive electricity market standpoint, D@@ve great value
when they reduce load in particular locations angaaticular times
when feeders are heavily loaded. The paper liethergroundwork
that solution to optimal mix of generation and g@ission resources
can be achieved by addressing congestion and porrdisg LMP.
Obtained as lagrangian multiplier associated wittiva power flow
equation for each node, LMP gives the short rungmat cost
(SRMC) of electricity. Specific grid locations aegamined to study
the influence of DG penetration on congestion aodesponding
shadow prices. The influence of DG on congestiod kational
marginal prices has been demonstrated in a modik&E 14 bus
test system.

Keywords—Congestion management, distributed generatio
electricity market, locational marginal price, opél power flow,
social welfare.

transmission capacity. Explication of optimal mixf o
generation and transmission resources under secfaso can
be achieved by addressing congestion and corresmpnd
locational marginal price (LMP). Pricing of congest using
LMP provides the basis for efficient pricing of hognergy
and transmission, and valuing financial transmissights [3].

If frequent congestion is observed, DG would becife in
relieving the congestion. DG becomes attractiveabse load
served by the DG avoids paying the high priceatt tetch the
locational price to the extent it sells excess potee the
market [4].

Several researchers have also revealed that DG duil
considered an attractive alternative to transmissgstem
expansion. The placement, however, should be dawig
with due consideration to its size and locatione Pacement

"Should be optimal in order for the maximum benefitDG

implemented in the network. Improper placement ame
situations can even jeopardize the system perfareamnd
operation, by increasing losses and creating caoioges

I. INTRODUCTION f
ISTRIBUTED generators (DGs) are small-scale .Several tes:hmgues have been propqsed so far tagean
) . . . with congestion in deregulated electricity markdbwever,
generation that provides incremental capacity to

generation system of power systems. These smadlle sc
generators are getting wide spread adoption ase tiaee
constrains in building new transmission lines, @azed
customer demand for highly reliable electricity retpilated
electricity markets, concerns about climate cheage energy
security [1],[2]. Technological advancements antundling
of electric utilities along with real-time pricingechanisms are
two other major reasons for increase penetratismall-scale
generation in power systems. From the competitigetecity
market standpoint DG has great values, when thédiyceeload
in particular locations and at particular times wifieeders are
heavily loaded. The condition is prevalent due rioréased
volume of power exchanges among the market paaticsp
leading to intensive use of transmission system faaguent
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most of the techniques are focused on applicatfoRACTS
devices. Methodologies for congestion managemerih wi
placement of series FACTS devices have been prdpngs].
An analysis of congestion management problem asocated
issues in a power pool that incorporates nodalirgids
presented in [6]. A two-step approach for congestio
management using FACTS devices has been propod&dl in
A methodology to calculate transmission congestiost and
LMP for a given time period at any selected bustte
transmission system is proposed in [8].

Besides FACTS devices, use of DG for congestion
management has also gained attention, recenthin&glling
close to loads, DGs can act as a fast and reliabkrgy
solution to hedge congestion. The validity of DGr fo
congestion management and the methods to locataratgze
the operation strategy of these resources have disenssion
in [9]. In this paper, the influence of DG is stedli for
managing congestion in deregulated electricity marhe
DG is expected to serve local load and relievestrassion
bottlenecks, consequently, lowering the LMP andgestion.
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The paper is organized in 6 sections. Sectionsiéulises on
basic attributes of congestion management and ebtures
inherent in deregulated electricity market. Secfibrsets out
the OPF formulation along with the physical and hmeatatical
interpretation of associated shadow prices. Sed¥qoresents
the methodology adopted to observe the influenc®®fon

congestion management and LMP. The OPF results anuy

inferences drawn from the same are covered in e
Conclusions that can be drawn from the analysipersented
in section VI.

Congestion in power system is a consequence ofonletw
constraints characterizing a finite network capatigat limits
the simultaneous transfer of power from all reqiire
transactions. Transmission congestion exists ingp@ystems
as a natural consequence of supply and demand.

Whenever physical or operational constraints in
transmission network become active, power systemrem
specifically a portion of the system is said toibbea state of
congestion. Electric grid congestion develops wioee or
more restrictions on transmission system preveomh@uic, or
least expensive, supply of energy from serving deenand.
This may be the transmission constraint, wherestréssion
lines may not have enough capacity to carry all pogver
required to meet the demand at a specific locatiimese
delivery constraints are likely to result in highprices in
regions that have a limited ability to import povaerd lower
prices in regions with limited power export capiil

CONGESTION

A. Consequence of Congestion

market for electrical energy and to simultaneoushsure
secure operation of power system. The rules musbbest,
because there will be many aggressive entities irsgeto
exploit congestion to create market power and eemeprofits
for themselves at the expense of market efficiency.

% Pp’-bpXPo+Cp acX P +hexPa+Cs

Cons. Surplu

Price($/MWh)

Merchandise surplu

Prod. Surplu

a Market Efficiency Loss

Ps, Po (MW)
Fig. 1 Social welfare loss due to congestion inrteevork.

When congestion occurs, transmission users ardreored
from delivering power. Normally, generators on tingport
side of the constraint have to increase productibile the
generators on export side are “constrained offfatiee to
production schedules they would otherwise preferserve
load [12].

Some of the prevalent schemes for mitigating caimyes
involved, (i) Real power rescheduling by generatumty, (ii)

The determination of market clearing price followse Real power rescheduling by generators and curtatinod
modern macro economic theory. Accordingly, maximurtPad, and (i) Real and reactive power rescheduliny

welfare to consumer as well as to producers (spaet a
whole) is achieved for single market equilibrium ingo
Congestion in the system, however, creates a diffescenario
leading to different market equilibrium point forgglucers and
consumers. The price at consumer locations is géndiigher
than that in the generator locations. The sum girgats from
the consumers is greater than the sum of revenmigedrby the
producers or generators. This difference in paymemd
revenue is referred to as merchandise surplus Bésides,
the merchandise surplus, also known as congestio, r
society would have to bear the loss of social weltarmed as
market efficiency loss or the dead weight loss.sTeén be
illustrated with a supply demand curve as showfiq 1. If
there is no congestion, the amount of power that ba
transacted is determined by the intersection pofnsupply
and demand curves.

B. Congestion Management

The task of congestion management in deregulatetletna
requires 1SO to identify and relieve such situaditirough the
deployment of various physical and financial medtas
[11]. The dual objective of congestion managemehemes is
to minimize the interference of transmission networ the

generators and curtailment of load. Recently, tbegestion
management schemes involving the deployment of FACT
devices and DG have been envisaged as promisirignept
Traditional concept of load curtailment and priceeaa
congestion management is considered and a modified
approach to congestion management based on lodaénm

an OPF based market has been proposed in the ppegearT.
Hence, concern of present study is to manage cbogdsy
alleviating the root of congestion, that is, to giythe demand
locally instead of bringing power from far awaydabgh long
transmission lines.

The objective of social welfare maximization is elig
accepted as basis of problem formulation in cortipeti
electricity market. Objective function is formuldteas
guadratic benefit curve submitted by buyers (DIS@@)us
guadratic bid curve supplied by sellers (GENCO) usin
guadratic cost function supplied by the DG owner.

maxg (B| (PDi )_ G (PGi )) - C( )

Most non-linear optimization solver is based on
minimization of the objective function. So, to faitate a

PROBLEM FORMULATION

b @)

DGi
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minimization type of problem, above equation is tiplied by
-1

min$(c (7)) ()

It is subjected to following constraints:

@)

Equality Constraints

Network for transmission of electric energy is medevia
power balance of each node in the network. The clupower
flows, active and reactive, injected into a nodenusi the
power flows extracted from the node has to be asrgiven in
(3) and (4), respectively. Notice that in (3) omgal power
injection by the DG is considered as the DG typesatered
here injects real power only. If other types of B@onsidered
both (3) and (4) should be modified accordingly.

PR=Py+Pyg P = v,i[vj{G,J cos(d, —q)+ B sin(d, —51}] ®)
Q =Qq ~Qu =V, i[vj {Gii Sin(é—i -9 )_ B, cos@ -9 }] @)

Inequality Constraints
Generation limits:

C (P, )=ag +hy Py +cg (P, )°, denote the producer offer
(bid) price at bus i

C(Poeu) = 8y *+Bpgi Posi * Cogi (PDGl )2 ! denote
characteristic of DG at bus i

V; denotes the voltage at bus i

o, denotes the power angle at bus i

B, denotes the susceptance of line ij

the cost

G, denotes the conductance of line ij
Q.; denotes reactive power generated at bus i.
p,™and p, ™ denotes upper and lower real power generation

limits of generator at bus i
Q,™and q ™ denotes upper and lower reactive power

generation limits of generator at bus i
vmand ym" denotes upper and lower limits of voltage at bus i

S, denotes the complex power \transfer from bus u®jb
S; denotes the complex power transfer from bus j ®ibu

sjmaxand sji"‘axdenotes the complex power flow limit for line ij

The generating plants have maximum and minimu@nd line ji

generating capacities and out those limits, itds feasible to
generate due to technical or economic reasons. r&@me
limits are specified as upper and lower limits feral and
reactive power outputs given for real and reactipmver
separately as follows:

Real power generation limits:

PGTm < I:)Gi SI:)Grinax

Reactive power generation limits:

Qz" <Qy Qg™

Line flow limit:

Line flow limit specifies the maximum power thatgaven
transmission line is capable of transmitting undgven
conditions. These limits can be based on thermalapious
stability considerations. Thermal limits usually nidoate
shorter lines power transfer. The following conistrahecks
for the absolute power flow both at sending end raneiving
end of particular line to be within the upper liraftthe line.

S, S

S; S

Bus voltage Limit:

Voltage limits refer to the requirement for systdms
voltage to remain within a narrow range of levels.

v <y <y
where,

N denotes the total number of buses.
p, denotes real power generated at bus i.

P,, denotes real power demand at bus i.
P, denotes real power supplied by the DG at bus i.

For base case OPF,

PDGi =0

For load bus,

Fsi =0

For generator bus,

R =0

Pos =0

The lagrangian for social welfare model can beiobthas:

L= ZN:(Ci (PGi )_ B| (PDi )+ C(PDGi ))+2N:APJ (P| - PGi - PDGi + PDi)
+§:AQi (Q. _QGi _QDGi +QDi)+_,_\‘Z_L:/'1ij (Sj - Tax)

+ 2/1;“1 (PGTin -F )+ ZN:/J';BX( Rsi = I:)G'imx)

=1

N : N
+3 Qe -Qu )+ Y Qs - Qg)
i=1 i=1
N ) _ N
+Z'u\r}l'un (Vimln _Vi)+zu\7i1ax(vi _Virnax)
i=1 i=1 (5)
where,
Apand/lorepresent the Lagrange multipliers associated with

equality constraints (power balance equations) and
L g s SR 3 5% " s g are the  multipliers

associated with inequality constraints namely, fiogv limit,

generator real and reactive power limits and buisge limits,
respectively. They also represent shadow priceespective
constraints. The shadow prices derived from thesttamed
optimization more accurately reflect opportunitysto of

B, (P, )=ay, +by Py —¢y (P, )?, denotes purchaser benefitavailable resources.

functions at bus i
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A. Interpretation of LMP

LMP is generally composed of three components,
marginal energy component (same for all buses),aggimal
loss component and a congestion component. Coigidire
case of real power spot price, LMP at bus i is igilog:

P, & OB
An =A+A—L+ 3 (6)
Pi apl ijzﬂ:uL‘l aR
Ap A+A + A @

where,
A is the marginal energy component at the referdnee
which is same for all buses,

A, =4 ai is the marginal loss component and
. 9P
=y 6& is the congestion component.
Ci :ulj OP

LMP is a market-pricing approach used to manageutiee
of transmission system in efficient way when cotiges
occurs on the bulk power grids. It defines the tamal full
opportunity cost in the short run. Also known astspricing
or nodal pricing, it is to obtain the short run giaal cost
(SRMC) of electricity [13]. LMP sends price sign#isat show
where the delivery of energy is constrained byttaasmission
system and provides market participants a clearzaadrate
signal of the price of electricity at every location the grid

[3].
B. Interpretation of u

The Lagrange multiplien is the shadow price for the power

flow restrictions of optimization problem and ddpicthe
impact that each congested line has on power sysidm
multiplier denotes the increase in social welfatgch could
be achieved by slightly increasing the power liroft the
corresponding line [14]. Hence, a higher multiplieeans in
general a higher impact of the corresponding caegdie to
the group of the nodal prices.

C. Congestion Rent

In a congested network, the locational price degidtom
the marginal costs. The deviation in supply and atenbid
curves from the corresponding cost and willingrtesgay
functions so as to capture the congestion rertiasvs in Fig.
2.

Price differential at the nodes of constrained biais used
to calculate congestion rent. Mathematically, catiga rent
for the branch ij can be calculated as follows:

congestion  rent = (4, - A, )xP, (8)

2517-9438
No:3, 2010

a A

Willingness to pay

Price($/MWh)

Pa,Pp (MW)

Fig. 2 Congestion rent with adjusted supply and aterbid.

IV. METHODOLOGY

For a specific combination of supplier and demand b

curves, base case OPF calculates electricity pateiferent
nodes of power system. The prices are obtainedgrarigian
multipliers of non-linear equality constraints. Tdiéerence in
prices will result from active line constraints dodses in the
transmission system. The increasing functions Herdupplier
bids and decreasing functions for the consumer diddreated
as marginal cost or benefits of the bidder.

The base case OPF is performed with supply and niéma
bids excluding the DG component. To proceed witk th

placement, the nodes are ranked in descending ofdieir
LMP, the node with highest LMP as the first cantédar DG
placement. The candidate nodes are iterativelctzldor the
placement. The placement is carried out with séveoat
characteristics assumed for DG. The DG placementeéaded
to supply the demand which is otherwise pressed tdue
transmission bottleneck. Cost characteristic of &i@hg with
the bids submitted by the supplier is included IRFOAs the
placement is intended to bring down LMP, DG wittergiing
cost higher than LMP will find no incentive for plment.
The DG with operating cost lower than those bidgdupplier
is expected to have higher penetration while the with
higher cost is expected to have smaller penetration

As consumers may not change their
especially over a short period of time, demandsisumed to
be same as the one obtained from base case. Thes@n
performed with DG so that social welfare is maxiesizand
prices reduced. The placement will then result denwith
maximum net social welfare. The optimal
corresponding to the maximum net social welfarethisn
identified. Consequently, the influence of DG omgestion is
also investigated. The proposed methodology is douhe
MATLAB  environment using sequential
programming (SQP) method for the OPF formulation.

usage patterns

DG size

guadratic
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V. RESULTS ANDDISCUSSION obtained for maximum social welfare is shown in [€db

This section presents the simulation results dfiérice of  LMP at various nodes of base case varies from 2%32
DG on congestion and LMP along with the proposeé4-64 $/MWh with the maximum values at bus 14 and

placement technique in modified IEEE 14 bus testesy [15]. Minimum value observed at the slack bus as expedted
Single line diagram of the test system is showrFig. 3. ©Observed that the highest LMP is twice as highhaslawest

Assumptions are made for the line limits as theaeehnot LMP.

. . TABLE |
been included I_n the EXtraCte’d test case. R BASE CASE DISPATCH SCENARIO WITH CORRESPONDINGDEMAND AND
¢ ¢z K NODAL PRICES
Bus No. P9 Qg Pd Qd LMP
" (MW)  (MVAR)  (MW)  (MVAR)  ($/MWh)
1 85.66 10 - - 27.372
2 40.08 35.46 8.17 3.72 40.039
3 49.8 40 42.89 19.54 40.996
4 - - 56.05 25.54 47.758
. 5 - - 26.52 12.08 43.636
6 100 24 35.6 16.22 42.016
7 - . 19.89 9.06 49.204
. . Colll o0 . 8 54.99 24 - - 41.1
! ! ! ! ! 9 - - 26.26 11.96 50.698
Fig. 3 Single line diagram of IEEE 14 bus testeyst 10 ) . 12.65 5.76 52.229
11 - - 39.68 18.08 54.413
A. Base Case 12 - - 11.18 5.09 46.658
The generator and customer bids are taken as itp@&F. 13 - - 10.7 4.88 50.501
The base case OPF based on social welfare maxgnizin 14 ; . 33.91 15.45 54.644

algorithm evaluates the generation dispatch, deseamt

prices at each of the nodes. The detailed anabfstptimal

penetration of DG with varying cost characteristécsl their . . L

effect on social welfare has been dealt in [16]e Tptimal The _shadow prices _correqundlng to each of theflhme_ls

generation dispatch together with price elastic aten shown in Table Il. Notice that lines 7-8, 1-2 anl @re having
higher power flow in the base case.

Total  330.53 133.46 323.49 147.39 -

SHADOW PRICESCORRESPON;—;T\IBC:E'CI)I THEBASE CASE BRANCH FLOW
Branch From To From Bus ToBus
No.  Bus Bus Pi LMPi ui Pj LMP; Hj
(MW) ($/Mwh) ($/MVA-hr) (MW) ($/Mwh) ($/MVA-hr)

1 1 2 49.68 27.372 15.888 -49.26 40.039 0

2 1 5 35.99 27.372 0 -35.21 43.636 0

3 2 3 14.96 40.039 0 -14.87 40.996 0

4 2 4 35.96 40.039 20.175 -35.1 47.758 0

5 2 5 30.24 40.039 0 -29.58 43.636 0

6 3 4 21.78 40.996 6.41 -21.22 47.758 0

7 4 5 -24.5 47.758 0 24.58 43.636 0

8 4 7 11.23 47.758 0 -11.23 49.204 0

9 4 9 13.55 47.758 0 -13.55 50.698 0
10 5 6 13.7 43.636 0 -13.7 42.016 0
11 6 11 37.56 42.016 9.423 -36.13 54.413 0
12 6 12 12.79 42.016 0 -12.56 46.658 0
13 6 13 27.74 42.016 8.281 -27.18 50.501 0
14 7 8 -54.99 49.204 0 54.99 41.1 7.205
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15 7 9 46.33 49.204 0 -46.33 50.698 0
16 9 10 16.39 50.698 0 -16.25 52.229 0
17 9 14 17.22 50.698 0 -16.65 54.644 0
18 10 11 3.6 52.229 0 -3.55 54.413 0
19 12 13 1.38 46.658 0 -1.38 50.501 0
20 13 14 17.85 50.501 0 -17.25 54.644 0
TABLE Il
OPTIMAL DISPATCH SCENARIO AFTERPLACING DG AT Bus 14
B. Placement of DG Bucne. P Qg Pd Qd LMP
Assumptions are made for the cost characteristid@f The ©(MW)  (MVAR)  (MW)  (MVAR)  ($/MWh)
DG considered in present analysis is assumed &ztirgnly 1 87.82 10 B ) 27.60
real power into the ngtvyork and is approximatedhvitie ) 43.26 32.67 817 372 4175
following cost characteristic:
2 3 50.51 39.87 42.89 19.54 41.02
ClPoc) = 001Poc)* + 40P, ®) 4 56.05 2554 41.67
The placement is carried out at each of the loasl hus ' ' '
revealed that social welfare is maximized for thecgment of 5 - - 2652 12.08 40.20
DG1 at node 14 for which the LMP is the highesthia base 6 43.84 24 35.6 16.22 40.96
case. The results corresponding to placement of DG1 7 B ; 19.89 9.06 41.45
encompasses the placement at node 14 which gigexptimal 8 54.99 24 i i 41.10
DG size of 42.84 MW for the maximum social welfark
4577.188/hr. 9 - - 26.26 11.96 41.44
The dispatch scenario after placing DG at bus 1shisvn 10 - - 12.65 5.76 42.23
in Table Ill. Results reveal that, for the same ded) base 11 - - 39.68 18.08 43.39
case LMP in the higher range has reduced, accdyditite ) i 1118 5.09 42,03
LMP difference between the nodes has also redulteis. 12 ' ' '
noted that any deviation of size from the abovenaglt size 13 - - 10.7 4.88 41.49
tend to increase LMPs and congestion. 14 - - 33.91 15.45 40.86
Injected power at each of the nodes and correspgndi |, 28041 13054 32349  147.39 .

shadow prices for line flow and injected power afiéacing
DG at bus 14 is shown in Table IV. Results reveat shadow
prices are reduced from the base case values tatuaTable
I.

SHADOW PRICESCORRESPONDINGTI'AOB'IEEQ/PTIMAL DISPATCH OFDG AT Bus 14
Branch ~ From To From Bus ToBus
No. Bus Bus Pi LMPi i Pj LMPj W
(MW) ($/MWh)  ($/MVA-hr) (MW) ($/MWh)  ($/MVA-hr)
2 1 5 38.58 27.60 0 -37.7 40.20 0
3 2 3 14.57 41.75 0 -14.48 41.02 0
4 2 4 36.57 41.75 2.896 -35.71 41.67 0
5 2 5 33.44 41.75 0 -32.68 40.20 0
6 3 4 22.78 41.02 0.69 -22.22 41.67 0
7 4 5 -14.24 41.67 0 14.26 40.20 0
8 4 7 5.76 41.67 0 -5.76 41.45 0
9 4 9 10.36 41.67 0 -10.36 41.44 0
10 5 6 29.61 40.20 0 -29.61 40.96 0
11 6 11 25.69 40.96 0 -24.9 43.39 0
12 6 12 7.93 40.96 0 -7.81 42.03 0
13 6 13 8.51 40.96 0 -8.39 41.49 0
14 7 8 -54.99 41.45 0 54.99 41.10 0.232
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15 7 9 40.86 41.45 0 -40.86 41.44 0
16 9 10 27.93 41.44 0 -27.64 42.23 0
17 9 14 -2.98 41.44 0 3.1 40.86 0
18 10 11 14.99 42.23 0 -14.78 43.39 0
19 12 13 -3.37 42.03 0 3.39 41.49 0
20 13 14 -5.71 41.49 0 5.83 40.86 0
As DG injects real power, its placement has diedfect of 201
reducing LMP at the node where it is placed. Fighdws the 18 e Base Case
LMP values corresponding to the placement of D®ad bus 164

—m- After Placing DG

14. The placement of DG has the global impact omgodlow
of the transmission system. The placement will tinfisence
the LMPs at other nodes besides the node whesepiiaced.
This scenario is found to prevail for the presexstecas shown
in Fig. 4 where the penetration of DG has positifleience on
all the nodes. All customers are benefited as theuat they
need to pay for the same quantity of electricityrésluced
compared to the case without DG. However, it shbelchoted
that any deviation of size other than the optimaé svould
increase the LMP from minimum value and reduce ribe
social welfare.

Congestion Rent ($/hr)

01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Branch Number
Fig. 5 Comparison of Congestion Rent with and withdG
placement.

a0

30 The DG2 is found to have lower incremental cost garad
to DG1 which results in its higher real power injes into the
network. Fig. 6 shows the LMP values correspondinbase
case and with DGs placement scenarios.

2

Z

N PBase ("ase

LMP ($/NWhr)

N B 60
® After placing DG

50

0

Load Bus

40
Base Case
u After placing DG1
Fig. 4 LMP at each load bus corresponding to D@gfzent at load 0 After placing DG2
bus 14.
Congestion rent is evaluated at each branch ofteékse 10
system as per equation 8. The impact of DG placeman
congestion rent is shown graphically in Fig. 5. iRissreveal ° L 2 s 4 s 6 7 8 o

that congestion rent is reduced when the placermetarried
out at node 14.

LMP ($/MWhr)
w
o

Load Bus

Fig. 6 Load bus LMP corresponding to three scesario
A. Comparison between the Placement of two DG types

In order to compare the results obtained betweeinua
types of DG, another DG (DG2) with cost characterias
shown below is used.

As is revealed in Fig. 6, LMP has been reduced
considerably from base case to the case with DGeMer,
the LMP is found to reduce more with the placen@&idG2.
It is also observed that DG2 has improved the tioegestion
C(P,g,) = 0004P,, ) +15P., (9) and has reduced LMP compared to DG1 having higher
incremental cost. Apparently, the cheaper the uiné, higher
the penetration and so is the net social welfare.
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VI. CONCLUSION

The paper has presented the influence of DG onestiog
and LMP in an OPF based wholesale electricity ntatldelP
that consists of a congestion component, along fv#d and
loss components, is conveniently used for placernémG.
The sizing of DG is formulated from social welfgpeint of
view by maximizing it. The grid locations are exaetd to
study the influence of DG penetration on LMP anddalress
the transmission bottlenecks. Locally, the effe€tDfs is
reduction in LMP. The power injected by DG is fouta
reduce the congestion component, which is revefated the
reduced shadow prices associated with the consttaiime
flow.

The nodal price differential of the constrained rota is
used to calculate the congestion rent for eachcbrani the
network. The optimal dispatch from DG is thus foutad
reduce the congestion rent and shadow prices assdawith
the line flow. Moreover, DG with lower incrementabst is
found to have better performance in terms of adiéng
congestion in the network.
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