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Abstract— The introduction of distributed generation (DG) 2010 [2]. The EU Directive for renewable energy penetration
onto distribution networks has a significant effect on losses. This s part of a strategy to meet the Kyoto Protocol nationaletsg
effect cannot be characterised as detrimental or beneficial bus ¢, reducing greenhouse gas emissions. The vast majority of
dependent on the allocation of DG on each distribution network . . Lo
section. Here the impact of DG on losses has been modelled,d'St”bUted,generat'on_ is from re_newablp D Hem@, t
facilitating a unique approach to the allocation of DG. This COst effective integration of DG is crucial to the econorhica
approach has been implemented and tested on sample sectionsachievement of these renewable energy targets. The plateme
of distribution network and results are presented showing the of generation on a first come first served basis invariably
optimal allocation of DG which improves the efficiency of energy limits the overall capacity of distributed generation,otigh
delivery on the distribution network. The temporal variations of e . LY
load and generation are simulated, illustrating that the allocation network ster|l|sat|on_ as_ shown in [3]. Network sterilisati
improves the efficiency throughout a year. The effect of differat  results when capacity is allocated to the bus/buses that are
plant mixes is also simulated showing that the efficiency of most sensitive to power injections. Thus, limiting the amtou
energy delivery is dependent on the load factor and operating of further generation that can be connected at the otheisbuse
characteristic of the plant. A number of approaches for the placement of DG to minimise

Index Terms—Losses, Power distribution planning, Linear losses have been proposed. In [4] the authors propose adnetho

programming, Dispersed storage and generation. which places DG at the optimal place along feeders and
within networked systems with respect to losses. In [5] an
|. INTRODUCTION algorithm is presented which places DG in order to reduce

OSSES are an important consideration when desi

ing and planning the distribution network. Losses a
inevitable on any network, however the amount can va | in 161 th h develoned hodol
considerably depending on the design of the network. In t é I0SSES. In [6] the aut ors developed a mgt odology to
past the distribution network was a purely passive systeeg u optimally allpcate DQ capacity on the dlstrlbutlon netwo.rk.
only for the delivery of electricity to the consumer. Witheth The cqnstramts cqn5|dered were voltage rise, thermak,limi
introduction of distributed generation, the network isnggi short C|rcu_|t_c_ap_aC|ty, short circuit level, energy resmmiand
utilised in a different way with more variable and bidirectal CUStomer initiatives. The methodology ensured that networ

power flows. The level of losses is closely linked to the powé?er'l'sat'on was avoided and the network capacity maxuhis

flows, therefore the allocation of DG provides an opponyunit'_'owever no "’,‘CC‘?“”‘ was taken for losses. ) ,
to ameliorate losses. Large amounts of distributed geinarat The maximisation of renewable DG capacity alone displaces

are being connected to distribution networks. In Irelanthat conventional generation, while the minimisation of losses

end of 2004, applications received by the system operat&lgne results in more efficient delivery of energy. Howetker,

concerned the connection of approximately 2,500MW of win e minimisation of losses is considered in conjunctiorhwit
e maximisation of capacity, a different allocation wakult,

generation. A significant amount of this capacity is to be . .
distribution connected. This is in addition to 920MW o h,'Ch Iegds to a larger proportion of the energy produced
previously contracted wind farm capacity and approxinyate eing delivered to load or exported to the transmissioresyst

100MW of other forms of DG such as landfill gas (LFG)This ensures best use of the _system and _displaces_ a larger
mount of energy from conventional generation. In this pape

and hydro. In a country with a peak load of approximately ™ : e
4,500MW this is an extremely large amount of DG to integra e impact of DG on losses is modelled, facilitating the galc
' ation of the optimal allocation of generation which mases

into the distribution network [1]. tof ted 1o the - ¢ th
Under the EU Directive 2001/77/EC, Ireland should provid,t(-gJe ampuntr:) p°1¥,ve,r exporfe 0 the dralnsmls?;]on Sys ert&th u
13.2% of its electricity generation from renewable soutzgs Improving the €tliciency of energy delivery througnout the
year. The optimisation is determined for maximum genemnatio
This work has been conducted in the Electricity Researchir€gdniversity and minimum load as this is the point at which losses
College Dublin, which is supported by ESB Networks, ESB Poee, ESB  gre |argest for large amounts of DG capacity. The effect
National Grid, Cylon, the Commission for Energy Regulationrtricity f b i . | . imulated
and Enterprise Ireland. A. Keane is funded by Sustainablerdggnireland or a number o gener.atlon plant scenar|o§ are simulated to
through a postgraduate research scholarship from the Résfearch Council demonstrate the effectiveness of the allocation over a gedr

for Science Engineering and Technology. A. Keane and M. dldyaare  g|sq to illustrate the effect that the load factor and ofiegat
with the School of Electrical, Electronic & Mechanical Engering, Uni- h . f the DG bl h | | ddit
versity College Dublin, Dublin 4, Ireland (Ph: +353 (0)1 1857; e-mail: Characteristics ot the plant have on losses. In addition,

andrew.keane@ee.ucd.ie; mark.omalley@ucd.ie) is shown that even when there is a net import of energy from

ansmission and distribution losses. These papers do not
gok at maximising the amount of energy from DG on the
stem, but rather are concerned only with the minimisation



the transmission system, the efficiency of energy delivery are the interdependence of losses due to generation andtload
enhanced. theith bus and generation and load at fti& bus respectively

In Section Il losses are described. In Section lll the foand Pr,s; is the losses due to theh bus. Without loss of
mulation of an objective function with losses included andenerality, it is assumed that there is one generator coehec
the optimisation methodology are outlined. Results arevshoat each bus. Due to the radial structure, only buses that are
in Section 1V illustrating the effects that DG can have owonnected along the same radial section are interdepeadént
losses. The results show that the absolute maximisationvafl therefore have non zero values fgrand p. In order to
DG capacity does not always lead to the maximisation afiaximise the power delivered, the losses are formalised int
energy serving load. Further results are given, illusicgathe the objective function shown in Equation (2).
increased energy delivered from DG when the methodology N
proposed here is employed. Discussion of the results is inp, — Z [Ppai(l—mij) — Pupi(1—pi;)] iVN. (2)

Section V and conclusions are given in Section VI. =

Il. LOSSES Pr, (MW) is the amount of generation demanded from or
' exported to the transmission system. The objective functio

The transmiss?on of power will always incur a CertairPTm (MW) in Equation (2) is maximised subject to the
amount of electrical losses. Losses can represent a Conﬁ'ﬁlﬁstraints used in the optimal allocation methodology in

erable cost, however, similar to any other cost they must R ' rhese constraints are shown in the Appendix. A linear
balanced against other costs and objectives and theréfeire t rogramming algorithm is employed to maximise the objectiv

absolute minimisation may not always be desirable [7]. T finction with respect to the constraints given in equations

integration of large amounts of DG_i_s transforming distribu(3), (4), (5), (6), (7) and (8). These constraints limit th& D
tion networks from what were traditionally energy delivery, it hased on the technical characteristics of thearktw
networks to networks that both deliver and harvest energy,q ihe available energy resource and siting restrictioeagh

A key element to the efficiency of this energy transmissi
are Ioss_es. The losses considered in this paper are the Ioafihe objective function in Equation (2) determines the
losses, i.e. the losses which are dependent on the POWgfina allocation at a single operating point, in this case
flows in the system. The effect on losses of increasing POWGL yimm generation and minimum load. There is a trade off

|nject.|on.s can be determined due to the _radlal st.rgcture Qétween the maximisation of capacity and minimisation of
the distribution network. Under normal feeding conditiotine losses which is captured by the objective function in Equati

flows on any line, and th_erefore the losses, are dgpend@t_ The objective function maximises the amount of power
on the load and generation downstream of that line,

"Exported to the transmission system, i.e. the power output

losses vary monotonically with load and generation. With ng;, ;s the load minus the losses, thus improving the effigienc
generation downstream of a bus, the losses are given by H?eenergy delivery throughout the year
load downstream. The introduction of generation downstrea The load values used in the optimisation are the minimum

will change the losses, with the losses initially decregsintil values at each bus. When dealing with large amounts of

the load at the bus is met and then increasing as the eXCBgs capacity, exceeding the load, DG will have its greatest
power flows back up the Ime in the OPPOS't,e direction. impact on losses when at its maximum and when load is
Losses have a quadratic relationship with load and 9el¥ its minimum. DG will be operated at its maximum as

le_ratlon. Therefore, to accu(rjatelyhreprehser;t them, a_gggewmuch as possible in order to maximise the generator’s rejenu
inear approximation is used, with each characteristi thus the maximum permissible value is used to calculate the

Into s;agme:’nt; toaid in ther|]r utllrl]saflon ml?lmear prggr;amg optimal allocation. Some forms of DG, such as wind energy,
(LP) formulation. Given that the loss characteristic foclea are intermittent and this will reduce the number of times at

bus is dependent on generation and load, account must, g, oeration at the optimal point occurs. A large amount

tall<e_n fOL_thE vanabllllty é’f both generatlgnl and load. TES_f intermittent generation will therefore reduce the besefi
relationship between load, generation and losses at eachphe gptimal allocation. Indeed if the load factor is very
terdependent bus is calculated resulting in loss chaisBtsr |, it may in fact cause the benefits of this approach over
for each bus. The loss characteristics are convex, the&r@for ypo. annroaches, such as the maximisation of capacity, to
unique 9pt|mal solution e>'(|sts, which can be determined t% nullified. In addition, the use of a number of different
application of an LP algorithm. generation types will increase the diversity of the overall
generation profile, possibly resulting in reduced operatib

I1l. M ETHODOLOGY ; : . : .
_ _ _ maximum overall capacity. These issues are investigated an
The losses associated with thgh bus are formalised and jjjystrated in the results in Section IV.

are shown in Equation (1).
N IV. RESULTS
Prossi = Z [PDG'inji + PLDipji)] . (1) A. 38kV Test System
J=1 The test system chosen is a typical section of the Irish 38kV

WherePp; and Py, p; are the DG capacity and the load atlistribution network. Results are given here for a 38/110kV
theith bus respectively)V is the number of buses;; andp;; station with 7 buses as shown in Figure 1. The section of
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Fig. 1. 38kV 7 bus radial distribution network diagram
0.9
distribution network is modelled in DIgSILENT Powerfacfor
Load and generation profiles for a given year were simulated  ©°® g
to examine the optimality of the allocation over a year, in o
particular to determine if the maximisation é#-, at a key /
operating point leads to an improvement of energy delivery  ©°¢ ool
efficiency. Five generation plant scenarios were seleetach / Bus C

with different characteristics and varying overall loadc-fa
tors. Load and wind generation profiles were obtained from
ESB National Grid [8]. The generation profiles for the LFG,
biomass and hydro generation along with the other necessary
network data was obtained from ESB Networks, the DNO in ~ °?
Ireland [9].
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B. Loss Characteristics

Individual loss characteristics for increasing generatioe _. . - .

. . Fig. 2. Individual Loss characteristics for generationlabases for no load
shown in Figure 2. It can be seen that all the buses have th
same shaped characteristic, each with a different impact on
losses. This figure shows the relative impact of generation a
each individual bus on losses with no load present. of n;; and p;; change depending on the amount of generation

Figure 3 shows the loss characteristic of increasing ansouand load at all interdependent buses, hence the necessiy fo
of generation at buses B & C, which are located along thmecewise linear approximation of the characteristice fidtal
same radial section. It can be seen from the graphs that #rmount of losses on any section of network will be dependent
relationship between power injections and losses is higlaliy  on the allocation of load and generation across all the buses
able and cannot be said to be either beneficial or detrimentabr example in Figure 3 it can be seen that placing 9MW of
Rather it can be seen that there is a wide range of possigkEneration at bus B with no generation at bus C will result in
values for losses, in particular it can be seen that the sallesses of 0.02MW. Placing 9MW at bus C with none at bus



small reduction in the total DG capacity, an allocation £xis

which by taking account of losses and capacity, results iremo

efficient delivery of energy. The amount of power exported to
—== the transmission system is given B,. It can be seen that
msoss - the reduction in losses results in a larger export of poweanfr

00.35-0.4

ms03s g glightly smaller amount of generation capacity at maximum

30.25-0.3

moz02)  generation output.

00.15-0.2
00.1-0.15

m0.05-0.1
m0050 TABLE Il
GENERATION ALLOCATIONS
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P Loss (MW)

0.2+

0.15—

0.1

o b Max. Capacity | Max. Pr,,
0 Bus Load (MW) Gen. (MW) Gen (MW)
2 pGenB (MW)
. A 0.25 1.92 0.87
P Gen C (MW) 9 10 1
B 1.00 0.00 1.6
Fig. 3. Loss characteristic for generation at buses B & C Cc 0.75 1.00 6.00
D 2.50 10.00 5.70
E 0.50 6.16 5.61
B incurs losses of 0.47MW. With reference to Figure 1 it can F 3.00 8.74 6.00
be seen that bus C is at the end of a 20km line, therefore the G 2.00 7.21 9.1
losses incurred by increasing the flows are much larger than Total 10.00 35.03 34.88
those incurred by bus B which is connected to the transnmissio Prg - -23.32 -23.60

station by a 1km line. Similar convex characteristics efast
the interdependence between load and generation at each b . . .
. .— . "The allocations shown in Table Il are optimised for oper-

These loss characteristics may be used to form the objective . . -
. X . . : - ation at maximum generation and minimum load. The load
function given in Equation (2) which maximises the power

exported to the transmission system at a given operati‘Fllnd generation vary throughout the day, causing the optimal

point. The values for,; in Equation (2) are determined fromaﬁ’ocanon to thereby change at every instant. Hence, imger

o ;a; energy, it is impossible to define a single allocation of
these characteristics and the values for one segment of the ; ; .
linearisation are shown in Table 1. generation as the optimal, however, the load will follow a

predictable profile and generation profiles are availabléckv
TABLE | allow an assessment of the effect of the generation allmeati
GENERATION LOSSINTERDEPENDENCIEY7);5) on losses over a year.

D. Generation Plant Scenarios

A B c D E F G The allocation determined by the algorithm results in a

A || 0.005 0 0 0 0 0 0 larger export to the transmission systeifir() at times of

B 0 -0.00151 0.0114 | 0.0154 0 0 0 high generation and low load. The frequency of this scenario
¢ 0 0.0003 | 0.0242 | 0.0236 0 0 0 is dependent on the load factors and generation profiles of
D 0 0.0003 | 0.01926 0.0322 0 0 0 each of the generator types. However, due to the quadratic
B0 0 0 0 | 00150100258 0 | patyre of losses, the maximisation of the exported power at
B0 0 0 0 | 000861 0.0470 | 0 | thjs key time when losses are at their maximum, should result
G © 0 0 0 0 0 | 0012] in an overall net reduction in the amount of energy imported

from the transmission system, even when using intermittent

generation. To demonstrate this, the five plant scenariosrsh

below were simulated over a year. The load flow analysis
C. Optimal Generation Allocation is calculated for fifteen minute intervals over the year. The

Table Il shows a comparison between two generation allo@gnding voltage at the transmission station is set to aaypic
tions with the load fixed. The first allocation (Max. CapapityV@lue. The generator and load power factors are each set to
employs the maximisation of capacity methodology from [6f\vérage values within their permissable range.
with the second allocation (MaxPr,) determined by the 1) No Generation
approach proposed here. It can be seen that when lossed) All Wind generation
are not considered, the total generation allocation ishttlig ~ 3) Wind & LFG generation
higher. However with losses considered, the slightly semall 4) Wind, LFG & Biomass generation
allocation of 34.92MW results in more efficient delivery of 5) Biomass, LFG & Hydro generation
energy. The difference in the total allocation is only 0.M/M  Each scenario has a different mix of generation types,
but there is a significant difference in the allocation of theowever the generation allocated to each bus in each soenari
generation between the buses, indicating that for a relgtiv matches those shown above in Table Il. In particular, séenar



3 places 5MW of LFG generation at bus D, with the remaining
generation being made up of wind generation. Scenario 4
places 5MW of biomass generation at bus F in addition to

TABLE Il

TOTAL ANNUAL LOSSES(MWH)

5MW of LFG at bus D, with the remainder once again made Total LF | Max. Capacity| Max. Pr, || A Loss

up by wind generation. Finally in scenario 5, SMW of hydro 1 - 5,497.39 5,497.39 0

generation are placed at bus F, with 5SMW of LFG once again 2| 036 5,048.87 4,610.62 || 438.25

at bus D and the remaining capacity is made up by biomass. | 3| 042 4,565.05 4,043.60 || 521.45
Figure 4 shows the losses and power imported and exported | 4 | 049 415876 | 3,456.49 || 702.27

over a typical day for plant scenario 4. The import/expogreh 5| on 609448 | 5031.77 || 1062.71

acteristic is shown to illustrate the link between the level

generation output and the savings in losses. This impromeme TABLE IV

in losses can be seen, with a larger reduction in lossesmvide TOTAL ANNUAL Erg (MWH)

when the generation output is high, corresponding to tht rig

hand side of the graph when power is exported. The impact Total LF | Max. Capacity] Max. Pro || A& Erg

of the optimal allocation can be seen by the reduced losses at [ ; 158.424.60 | 158.424.60 0

this time over the maximum CapaCity allocation. It can bensee 2 0.36 49,847.99 49,656.52 191.47

on the left hand portion of the graph that when the generation 3| 042 30,242.63 20,978.7 || 263.93

output is lower, the losses are lower as would be expected | 4 0.49 8,070.37 7.638.12 || 432.25

and more significantly, the saving in losses between the two 5 077 -76,852.30 | -77,307.63|| 455.33

allocations is reduced.

1.4 10

. ]/‘\ 7\ +Et§§§ x: E{ax?amy) system over the year is reduced by 191.47MWh. Plant scenario
3 is a combination of wind and LFG generation. The LFG
plant has a individual load factor of 0.76, which results im a
increased overall load factor of 0.42. The impact of the LFG

12 \/ v Ptx (Max. Ptx) 5
Sos f\, ]\m /\\—\ H . _ blantwith its different output profile and higher load factan

| ]\ /\/ \// s \A\\Vr\\\) § be seen. The increased energy production means that overall
0.6 | f\. o g
. ! .

the generation is operating closer to its maximum capaoity f
0.4+ \ V y + -15

a greater proportion of the time. This is reflected in the ltesu
in Table IV, where the optimal allocation reduces the net
o s 1 15 2 2 3 % a0 4 s

energy import from the transmission system by 263.93MWh.
Time (1/2 Hour)

s
o

P Loss (M!

1
—
—

In scenario 4, the biomass generation employed has a
individual LF of 0.86, further increasing the overall loadtfor
to 0.49. In this case, the reduction in the import from the
transmission system is 432.25MWh. Finally in scenario 5, the
combination of biomass, LFG and hydro generation which has
an individual load factor of 0.35, results in an overall load
factor of 0.77. In this case there is a net export of energy
The two allocations in Table Il were used with each scdlom the distribution network onto the transmission system
nario. Using the load and generation profiles, a profile of thg!® optimal allocation is effective once more with an extra
losses and the net energy import or expd#() over a year is 455.33MWh exported to the transmlssmn_ system. It can be
determined for the network shown in Figure 1. Tables Il argf€n from Table IV that in general a higher overall load
IV show the results of these simulations. The results shod@Ftor yields a greater saving. However, it can also be seen
here are for generators and loads with power factors of 0.§8M scenario 5 that the addition of SMW of hydro which
and 0.96 respectively. In all the plant scenarios simuléted rargly operates at its maximum capacity, causes th.e _e@ecte
maximisation of Py, reduced the amount of losses over thg2vings as a result of the high load factor to be diminished.
maximum capacity allocation and either reduced the netitnpd NiS Shows that in addition to the load factor, the operating
from the transmission system or increased the net expdneto £haracteristic of the generation will affect the optimabf the
transmission system as illustrated by the net change irggnefllocation. The network parameters, such as power factats a
imported or exportedX Er.) in Table IV. sending voltage,. vary throughout the'year. and affect lgsses
Plant scenario 2 is all wind generation, with a total load fafiowever, they will not affect the relative difference beéme
tor (LF) of 0.36. Wind generation is intermittent by naturet b ©ach allocation.
wind turbines are designed to run at their maximum capacity
and will do so whenever possible. The benefits of the optimal V. DiscussioN
allocation are generally reduced for plant scenarios vaiter The new approach demonstrated here illustrates the impact
load factors as can be seen from the results in Tables Il aotdDG on losses. With regard to emissions targets, the alloca
IV. The net amount of energy demanded from the transmissitton of DG will have a significant impact on the feasibility

Fig. 4. Loss & power import/export characteristics over aidgpday for
scenario 4



of meeting these targets economically. It has been showaptimal allocation of large amounts of DG, such as those
that maximising capacity with no regard for losses does ns¢en in Ireland. It has been tested on a sample section of
maximise the potential benefits of DG. The approach givelistribution network. The impact of DG in radial distriboni
here, maximises the amount of active power delivered fronetworks on losses has been modelled, thus allowing an
DG at a key operating point. It has been shown that kaccurate assessment of the impact of DG and load on losses.
maximising power at this peak condition, the energy demadndeosses have been shown to be an important factor, with a
by the distribution system is reduced over a year. Reactigignificant impact on the amount of energy that reaches the
power flows also have a significant effect on losses. Ealdad or transmission system. It has been shown that neither
generator has to operate within the range of acceptablerpowee maximisation of capacity alone nor the minimisation of
factors as set by the DNO, these power factors will affect thesses alone is the optimal way to maximise the benefit of
losses, but it is the placement of DG capacity that is opBohisDG to society, but rather an objective function which takes
rather the operation of DG. account of both losses and capacity. The effectivenesseof th
In this paper, DG capacity is allocated on the basis of firapproach has been demonstrated for a number of different DG
connection agreements i.e. the generators are not digghtcplant scenarios, illustrating that the load factor and afieg
or curtailed, which has traditionally been the case in hidla characteristic of DG plant has a significant impact on the
A limited form of non-firm access is now permitted on thefficiency of energy delivery.
Irish system, however, it will not be used to minimise losses
but rather to permit a further penetration of DG, which is
a higher priority [10]. In Ireland, generic loss factors are
currently used to take account of any perceived saving Tiermal Constraint
losses resulting from distributed generators [11]. Howeve
rather than a generic value dependent on the voltage level, a
more accurate value could now be assigned on a site specific L < If*! i ¥ N. ©)
baS|§ _to |nd|V|<_juaI generators using the analysis s_howa,he\rNhere I; is the current flowing from generatarto busi,
providing a price signal rewarding generators for impravin . p,.q - : .
. . : I is the maximum rated current for the line between each
losses and penalising them for any increase in losses théey : X
cause. g€nerator and its corresponding bus.
The results show that the plant mix of distributed genenatio
has a considerable impact on the losses and the enetg¥rt Circuit Level
exported to the transmission system. This further optititiea
problem has been detailed in [12]. The results in Tables Ill N
and IV show the effectiveness of the allocation, for plant ) _
mixes with both high and low load factors. The approarc)h in 2 0y:Pp s +ars < SOLporea @
this paper maximises the power export to the transmission
system from DG at a key operating point. Indeed, it is evideM{hered;r, is the dependency of the SCL at the transmission
from the results that even with a large DG capacity, theré witation to power injections at bys o, is the initial SCL at
still often be a net import of energy from the transmissiofhie transmission bus with no generation present.
system. Hence, the maximisation of power export at one point
results in improved efficiency of energy delivery be it expmor . i
import from the transmission system. It has been shown ﬂ%}ort Circuit Ratio
the approach is effective for variable and intermittentrfer
of generation such as wind power, but that the inclusion of N
eneration that only operates very infrequently at its mmaxn ,
rgnay degrade the gfferétiveness o¥ the c?ptima)I/ allocation. Ppai=0Lcos(d) ), 65iPpg; < 01 cos(¢)ai i Y. (5)
Previously, losses could only be ameliorated by uprating
overhead lines or other equipment. The introduction of D®/herecos(¢) is the power factor at the generator.
provides the DNO with a new variable that may be optimised
for everyone’s benefit. Distribution networks are no longer )
exclusively used for the delivery of electricity to consume v0ltage Rise
and with the penetration of DG set to increase over the coming
years, the cost effective integration of DG will be crucial t N
meeting emissions targets and also to the economical rgnnin .
of powgr systems acrgss the world. Y Z (33 PG 5+53 Pp i) + i S Vi 8V N (6)

APPENDIX

Jj=1

Jj=1

Jj=1

Wherey;; andv;; refer to the dependency of the voltage level
at bus: on power injections and load at bysrespectively,

A new approach has been proposed for the allocation @f refers to the initial voltage level at thah bus with no
DG on distribution networks. The methodology enables tlgeneration.

VI. CONCLUSION



Transformer Rating

N

Z(PDGi — Prpi) < PrrafoCap-
i=1

Where Pr.qrocqp refers to the rating of the transformer.

)

Energy Resource & Customer Initiatives

PInstalledi < PDGi < PA'uaili 1 V N.

(8)

Where Payaii @and Prosanieqai are the available energy re-
source and any existing generation at ttfe bus respectively.
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