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Distributed Generation and Security of Supply:
Assessing the Investment Deferral

David T-C. Wang, Luis F. Ocho&jember, IEEE, and Gareth P. Harrisolember, |IEEE

Abstract-- Technology advances together with environmental
concerns have paved the way for the increasing irgeation of
Distributed Generation (DG) seen over recent decade having an
important role in governments’ targets. While seveal technical
challenges are now faced by Distribution Network Oerators
(DNOs) in order to properly accommodate DG developents, one
of the major and well-recognised benefits is the ity of DG to
defer future demand-related investments. Here, a mie integral
approach is presented where also reinforcements raged by
system security standards (e.g., N-1) are taken mtaccount. This
methodology builds on a previous work where the sgessive
elimination method and multistage planning were ufised to
quantify the investment deferral brought about by DG. The DG
contributions to system security provided by the UKEngineering
Recommendation P2/6 are adopted, enabling the metthialogy to
quantify the deferment produced by DG considering bth demand
growth- and system security-related investments. T& method is
applied to a UK generic distribution network. Resuts show that
significant economic benefits can be harnessed whstrategically
incorporating DG at the planning stage.

Index Terms- Distribution networks, distributed generation,
investment deferral, planning

|. INTRODUCTION

IVERSIFICATION of the energy mix is one of the mairthe distribution network,
the energy agenda of governmemmnagement measures and/or distributed generagdmight

challenges in

relatively close to the load, it has the potent@lalleviate
network power flows. While power loss reductionaiglirect
technical benefit for the DNO, its economic impaill
depend on the regulatory framework for improvinge th
efficiency of DNOs. Therefore, a tangible econorbenefit
for DNOs is the decongestion of network assets, Ha6 the
ability to help avoid or defer reinforcements reqdi by
demand growth in a given horizon [7-11].

The quantification of the benefits (and negativepawcts)
brought about by DG need to be quantified in otdesreate a
level playing field. In the UK, the Renewables @hlion
scheme promotes DG by mandating energy suppliessumce
a given proportion of their electricity from gretathnologies.
On the other hand, considering the important réIBNOs in
facilitating the connection of DG, Ofgem, the -etaity
regulator, has also introduced incentives where BlE@ paid
capital and operational expenditures due to thegnation of
DG. However, from the distribution planning perdpes
where demand-led reinforcements traditionally reprné costly
CAPEX, the effect that DG might have on deferringcts
investments has not been considered.

At a European level, the Article 14/7 of the Direet
2003/54/EC [12] states: “When planning the develephof
energy efficiency/demaside

worldwide. However, technology advances togetheth wisupplant the need to upgrade or replace electrizatyacity
environmental concerns have paved the way forrtheeasing shall be considered by the distribution system aioet.
integration of Distributed Generation (DG) seenrokecent Nonetheless, there is no specification on how folément it.
decades, having an important role in governmerasjets. Brown et al. [13] proposed a successive elimination
Indeed, combined heat and power (CHP) and renewablgorithm for distribution network expansion coreidg the

technologies are being encouraged in EU Membee$Staind
are expected to have an increasing penetratidmeifEtiropean
distribution networks. This scenario presents [hgtion

Network Operators (DNOs) with several technicallleimges
in order to properly accommodate DG developmenfs2]1
However, depending on various factors, such aditotasize,
technology and robustness of the network, DG midéb be
beneficial to DNOs [3-6].

Since DG can be accommodated in distribution neksvorcurrents

This work is part-funded through the EPSRC SuperdetyK Energy
Infrastructure (AMPerES) grant in collaboration WwiK electricity network
operators working under Ofgem’s Innovation Fundimgentive scheme — full
details on http://www.supergen-amperes.org/.

The authors are with the Institute for Energy Syste School of
Engineering, The University of Edinburgh, Edinburgi9 3JL, U.K. (e-mail:
d.wang@ed.ac.uk, luis_ochoa@ieee.org, gareth.ba@ed.ac.uk).

specific siting of generation units. It presentraple planning
technique makes it possible to calculate the imvests
required by the non-DG and DG scenarios, thus pioigithe
corresponding monetary benefit. Mendeat al. [8]

demonstrated the impact of different DG penetrataond
concentration levels and technology mixes on alldevdoad
growth without the need for reinforcements. Gil alwbs [9]
developed an approach based on the amount of detwor
reduced by a DG unit, assuming
reinforcement deferment was equivalent to the tieguired
for the currents to reach the pre-DG level.

The methodology proposed in this paper builds on a

previous work [10] where the successive eliminat{@t)
method from [13] was combined with a multistagenpiag in
order to defer demand-led investments. Given

reinforcements are not only related to network cépéabut

that the

that
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2

also to security of supply standards, such as the WS5MVA, 0.95 power factor transformers with 1.3 égaiating
Engineering Recommendation (ER) P2/6 [14], this kwofactor.

extends the initial proposal to cater for thoseunegments.
Particularly, ER P2/6 allows DG, to some extent;datribute
to the system security by acknowledging a fractainthe
nominal capacity of the generator during a firstuit outage
(FCO). Incorporating this contribution enables
methodology to quantify the impacts of DG on segtnélated
investments.

In this work, a UK generic distribution network [1&
evaluated considering the connection of non-inteemi DG
units (e.g. CHP, CCGT). The investment deferrall \wig
considered as the one that occurs when reinforcsntiesit are
required to prevent system constraint violationschs as

thermal limits and network security, are postpoasd result

of DG connection. Single DG connections are exathiime
order to investigate the corresponding effects rorestment
deferral.

This paper is structured as follows: the contributof DG
to system security adopted by UK ER P2/6 is expldim

Section II. In Section Ill, the proposed methodgldg assess

the investment deferral is presented. The generi€
distribution network is evaluated and results dised in
Section IV. Finally, conclusions are drawn in SectV.

1. CONTRIBUTION OFDG TO SYSTEM SECURITY (ERP2/6)

Generation connected to the distribution networghnhbe
able — to some extent — to contribute to systerargggi.e., to

maintain part of the supply to a defined level efréind under

defined outage conditions. Engineering Recommeo&2/6

the

2 x 45 MVA
1.3 Cyclic Rating Factor
0.95 Power Factor

2 x 20 MW

B

SIS

©

60 MW

Fig. 1 Example system with DG.

Since the load is 60MW, only the first circuit ogea i.e.,
one of the transformers, needs to be considerdd [@4thout

DG, the maximum amount of load that can be supplied

following the outage of the most crucial circuitg.i the
Network Capability (NC), would be:
NC after FCO =1x45%x1.3x 095=55.6MW

Clearly, the demand cannot be met. If, however, iB®
be taken into account, tiefactor for this particular plant with
two generation units is 69% (Table 1). Therefore DG plant
connected to the load bus would have an effectiveribution

(jo system security equal to:

DG Contribution = 0.69x 2x 20= 27.6MW

This contribution to the NC allows up to 83.2MW of

demand to met after the FCO enabling the the ditouiulfill
the security of supply requirements without furtiestment.

Distribution investment deferral has been investidefrom
different angles. In [8], the deferment was consdeas the

M ETHODOLOGY

[14] superseded ER P2/5 (1978) by updating previol@d growth that certain penetrations and conctatrdevels

contribution factors to account for modern type®&. These
(indicative) contribution factors, known ds factors (as a
percentage of the declared gross capability of a fiat),
were produced as a function of DG technology andber of
units. Table | presents the ER PZ6factors for different
types of non-intermittent generation.

TABLE |
F FACTORS IN% FORNON-INTERMITTENT DG [14]
Number of units
Type of generation 1 2 3 4 5 6 7 8 9 10+
Landfill gas 63 69 73 75 77 78 79 79 80 80
CCGT 63 69 73 75 77 78 79 79 80 80

CHP sewage treatment using
a spark ignition engine
CHP sewage treatment using
a Gas Turbine
Other CHP
Waste to energy

40 48 51 52 53 54 55 55 56

53 61 65 67 69 70 71 71 72 73

73
7

53
58

61
64

65
69

67
71

69
73

70
74

71
75

71
75

72
76

To illustrate the impact of thd- factors on planning
investments, consider Fig. 1 where an example sysigh a
DG plant is presented. In Fig. 1, two identical 1iatermittent
(CCGT) generation units composed the DG plant, eiti
declared net capacity of 20MW. The DG plant is amed to
a bus with a 60MW load. Power supply is providedtiyg

of different DG technologies would allow the netkoato
achieve without requiring further capacity upgradéswever,
while the results clearly show the impact DG has
postponing investments, this particular study carb® used
for quantifying the relative benefit that a geniematunit may
bring about according to its location.

Placing and sizing of DG units are not necessadgided
by DNOs. In fact, it is mainly availability of resces that
determines a specific connection site. Nonethektasdjes that
supply information regarding the most beneficiahmections
points and generation capacities — from the netvpmikt of
view — might be used to create a framework for rtiges or
charging schemes. In this context, in [9], theigbdf a single
DG unit to defer investments was calculated fomrgvede of
a given distribution network. This approach progidihe
relative deferment in monetary units per connekigdor MW
of DG. The adopted deferral time in [9], howeveaswnot
appropriate since it considered the time required the
network power flows to return to the level prior the
connection of DG. The economic benefits of DG caly de
quantified accurately if the deferment is relatieethe time
when the reinforcement costs are incurred [10].

Non-intermittent generation is able to offset lodamand,
and therefore postpone load growth-led investmdmht.
Nevertheless, system security-driven reinforcemefgsy.,

on
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redundancy of circuits) cannot rely entirely on pfants due
to reliability and risk issues. It is in this coxteconsidering
the contribution to system security provided by thi€ ER
P2/6, that a more integrated approach to asseskintand
growth and system security requirements in driviregwork
investment.

In order to evaluate the effect that the placemeht
generation units may have on the expansion plaroosts, the
reinforcements required by the original (non-DG)Y adG
scenarios need to be determined. For this pur@oseg-phase
approach is adopted for a given case of load gropiinning
horizon, and presence or absence of new DG. Firstly
successive elimination method is used to evallsecapacity
upgrades needed by the distribution network. Sdgorie
multistage planning analysis provides the necessengdule
for the investments. Finally, the total expansitemping costs
are calculated for the studied case. The differdmatereen the
costs required for the original scenario and the $a&narios
will correspond to the value of investment defepebduced
by the connection of new generation.
subsections describe in detail each phase of tiieoche

A. Successive Elimination Method

The successive elimination (SE) method presentgd3h
is adopted to determine the most cost-effectivewou
expansion combinations at the end of the planniogzén.
While metaheuristic optimization planning strategidor
distribution networks commonly found in the litared (e.g.,
Genetic Algorithms, Simulated Annealing, Tabu Skamay
give a better solution than so-called greedy hecsidike SE,
the latter will still produce a satisfactory sotuti The method
is straightforward, making the process easily usid@dable
by the planner due to the use of a cost-effectisemedex.

The fundamental concept of the SE method is tdalhit
overbuild the network with all reinforcement caraties
including transformers and lines. Then, the least-effective
option is removed until the further removal of aeynaining
candidate would cause system constraint violatthming the
planning horizon. Fig. 2 shows the flow chart ftve tSE
technique. The steps of the methodology are asvisl|
Sep 1. Consider the load corresponding to the year extetid
of the planning horizon.

Sep 2. Identify all the required network expansion ops@and
connect them to the network. Verify that the ovdtimetwork
has no constraint violations, i.e., thermal andtagd limits

The following

3

MW/$, P is the total MW flow of the network®, is the total
MW flow of the network without optiora, and Cogt, is the
cost of optiona. The candidate is then put into an elimination
list. Repeat Step 3 until all expansion candiddtage been
examined.

Sep 4. Compare the cost-effectiveness of all the optiartbe
elimination list. Find out the least cost-effectioption and
delete it. If the list is not empty, go to Stepo®)erwise go to
Step 5.

Sep 5. The final expansion plan has been determinede Sav
the remaining candidates for the multistage plagaimalysis.

Overbuilt network
Eliminate an option
Run AC power flow

Any system

disconnection
and/or constraint Update the
iolations?2 network
h
Calculate its cost effectiveness

and put the option into pool of Remove the
elimination least effective
i option from the

pool
Reconnect the option

A

back to the network

Are all the
options
examined?

Is pool of
elimination

empty?

Fig. 2 Flow chart of the successive eliminatiorthod.

B. Multistage Planning Analysis

The purpose of the multistage planning analysistois
schedule the implementation of the reinforcementined
from the SE method along the planning horizon. THus
scheduling the reinforcements according to the aehgrowth
it is possible to evaluate the investment defepraduced by
the connection of DG at different stages. Fig. @wahthe flow
chart for the multistage planning. The steps of thecedure
are as follows:

Step 1Load network configuration at the end of planning
horizon, which is determined by the SE method.

Step 2 Connect DG.

Step 3ldentify the candidates which are not required ffgar.

due to both the demand and System security reqa'n'm'n Eliminate one with the lease cost-effective indeepeat the

(FCO or N-1 criteria)..
Sep 3. Change the status of each expansion candidaterin
and verify there are no constraints violated (ag&n both

step until all the remaining options are essemtigirevent any
system violations (demand and system security yts.
Step 4 Stop if it is the base year. Otherwise update the

demand and system security). In this method, taeistchange, Network with forecasted load at the year beforectimeent one,
is called anoption, and can either be the deletion or typthen go to step 3.

change of the equipment. If so, calculate the efisttiveness
due to the change using the following equation:
P-P,

Cost, @
whereCE, is the cost-effectiveness measurement of otiom

CE, =
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Network configuration at the
end of plannina horizon

!

Connect DG to the
network if there is one at
this year

|

Identify the options of which the
removal would not cause any
—| system constraint violations and
put them into the pool of deletion

!

Calculate the cost-effectiveness of
each option in the pool and eliminate
the least cost-effective option

A

Year = Year—1
Update the
network with the
forecasted demand

Is the pool
empty?

Fig. 3 Flow chart of the multistage planning.

C. Investment Deferral

From the previous two subsections, the capacityrages
for the network expansion and the correspondingdualing of
investments can be determined. To obtain the ot@stment
incurred by each planning scenario studied, thegmevalue
of each upgraded asset should be calculated. smwthy, the
total present value (PV) cost of the plan is gilsgn

a h n Ci,l
VLG @
whereh is the number of years in the planning horizois the
number of reinforcements required for y&a€, is the cost of
asseti required for yeat, andp is the annual interest rate.

The investment deferral, as a benefit brought abguthe
connection of new DG, is then calculated by suliingcthe
PV of the total investment required by a given Di@nping
scenario from that of the original (no new genergtiplanning
scenario:

h n C
Inv. Deferral = L
;;(hp)‘

h n Cll (3)
- zz |

ST A+ p)

no DG DG

IV. APPLICATIONS

A. Network and Assumptions

The methodology proposed is applied to the 81-beshed
suburban distribution network depicted in Fig. eTfull
specification of EHV Network 4 can be obtained itb]|

4

Power is supplied to the meshed network from alesiggd
supply point and two interconnectors linking neighing
networks at 132kV. There are 32 loads scattereaugirout
the network of different voltage levels (33 and YLkThe
total peak load at the base year is 151MW. Forsystem
security requirements, it is considered the outafjesingle
elements of the network, i.e., N-1 constrained. dh&age is
applied to each line and transformer, apart fromseh
equipments connected between the interconnectatstlzm
main network, and those single transformers comeikedtb
loads less than 12MW (according to ER P2/6 areremired
to be restored immediately). It is assumed an dntoz
growth of 2% and the planning horizon is set toy&8rs. Any
reinforcement, which is postponed beyond the hatizis
assumed to be connected at year 10 instead of etempl
avoidance of the reinforcement. The annual intestis 6%.

B. Analysiswithout DG

The reinforcements required in the case without BIGng
with their connection schedules and costs, are shinvirable
Il. The term ‘upgrade’ refers to the replacementeafsting
lines, whereas ‘parallel’ indicates that the reinéaments are
connected in parallel with the existing ones.

The total planning cost in present value is US$2.Btost
of the reinforcements will be required within thest two years.
T112-1112 is the only transformer required. Thidug to the
fact that the load at bus 1112 is greater than 12Mgéding
to meet the system security requirement statedrifPZ/6.

TABLE Il
REINFORCEMENTS REQUIRED AND THEIR COSIN PRESENT VALUE WITHIHN
THE PLANNING HORIZON

Name Type  Capacity (MVA) Cost(US$k/km) Length (km) Year P.V. cost (US$k)
L101-103 upgrade 2x120 400 4.2 7 1117.30
L103-105 parallel 1x120 200 35 8 439.19
L301-304 parallel 1x30 120 11 1 124.53
L304-326  parallel 1x30 120 0.9 2 96.12
L311-337  parallel 1x30 120 0.5 0 60.00
L313-318  parallel 1x30 120 0.5 2 53.40
L313-319  parallel 1x30 120 1.6 0 192.00
L319-342  parallel 1x30 120 0.2 8 15.06
L341-342 parallel 1x30 120 1.7 0 204.00
L111-112  parallel 1x120 200 0.6 0 120.00

T112-1112 parallel 1x 30 500 - 0 500.00
Total 2921.59

C. Impact of DG Locations and Capacity

A single generation unit with declared gross cdjignf
10MW will be connected at different buses of the \EH
Network 4 in order to assess the locational effe€t®G on
the investment deferral. A contribution to systesausity, i.e.,

F factor, equal to 80% is assumed. In other word, durirgy th
N-1 analyses, the DG plant is contributing to thetwork
capability with 8MW. Fig. 5 presents the obtainealues.
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Interconnectar

Fig. 4 UK GDS EHV Network 4 - Meshed suburban rartw

Each bar can be further classified into two catiegorthe at bus 1112 yields US$397k of savings, while thgsire is
benefits obtained from deferring the 132kV and 33kwnly US$5.87k when DG is located at bus 6610.
reinforcements. In ER P2/6, the contribution by @ plant is The effectiveness of DG at different locations &fed the
only credited by its ability to affect the adjacemuipments scheduled reinforcements (non-DG case, Table Itlejgicted
where the generation is connected to. Howevehesetresults in Fig. 6. It is clear that the benefits obtaingd G at bus
indicate, DG has clear impact on deferring systeousty-led 1112 are mainly from its ability to postpone thedstment of
reinforcements at higher voltage levels, whereitliestments the transformer connecting bus 112 and1112 frore pear to
are much more expensive. year 10 (5a).

As expected, the deferment of investments is highly The patterns of years of deferments of adjacees|i®01-
sensitive to the generation site. The 10M DG ptamtnected 304 and 304-306 are, in general, in phase acréfesatit DG

| | |
a
0132 KV Equipments 12 ( )

W 33 KV Equipments
) )

|

330
324
322
36— =-—
315
306
6619
6618
6617
6610
6609
1141
1140
1139
1138
1137
1135
1134
1133
1132
1131
1129
1128
1125
1123
1112
1111
1108
1107
1105
1104
1103

H

H

—-101-103 —0—103-105
——112-1112

H

Reinforcement Schedule (year)

“'

\

—0-301-304 —o—304-326
——311-337

W

DG Location

'

|

|

12 r —»—313-318 -=-313-319

ol o-310382 -+ 341342 (c)
8
ol
al
2l
! 0 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L ]

100 150 200 250 300 350 400 450
Investment deferral (US$k)

i

“

'

d

o
1S
noDG
1103
1104
1105
1107
1108
1111
1112
1123
1125
1128
1129
1131
1132
1133
1134
1135
1137
1138
1139
1140
1141
6609
6610
6617
6618
6619
306
315
316
322
324
330

DG location
Fig. 5 Investment deferral benefits accordingitferent DG locations. Fig. 6 Impact of DG at different locations on #uhedule of reinforcements
at (a) 132kV, (b) central part, and (c) left pdrthe network.
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locations (Fig. 6b). This occurs since both linesr@quired to
prevent system violations under the same contingeent, i.e.

disconnection of line 308-323 would cause the ozt of

both lines. DG at bus 324, 1125 and 1129 are arttegnost

effective locations, at which the connection of tle lines are
postponed to year 10. The connection of DG at W23l
which is located at the end of line 327-328, i® affective by

injecting extra power to support the loads at thet@l part of
the network via the path between bus 326 and 328 glthe

contingency (loss of line 308-323). Under N-1 ségur
condition, DG at adjacent locations may result iaryv
different impact on the schedule of same reinfoe@nas well

as the total benefits quantified. Although bus 1i0&latively

close to bus 324, DG at this location can not hamg

contribution to defer the investments of lines 30% and

304-326 during the loss of line 308-323.

According to Fig. 5, DG at bus 1139, 1140 and 1¢iéld
greatest benefits from deferring the 33kV reinfoneats. The
reasons are justified in Fig. 6c. The schedule afnecting
line 341-342 is highly sensitive to DG locations;can be
postponed to the end of planning horizon only wih¥d is
connected at these three locations.

Not all DG imposes positive impact on the netwoik
example is when DG is connected at bus 1135. Thal€f€rs
the schedule of line 313-318 to year 6 but alsngwithe time
of new line 103-105 connection two years closehtpresent
than the case without DG. Fig. 7 shows the reimfiorent
schedule affected by the increasing DG output atliiB5.

8 1
70
60
50
40
30
20
10

0 A
10 L,,z,,ét”a”a,\;m

20 -

;—Aﬂ A — R —R— R —R—R—X
4 N

—X—X

—x—101-103
——103-105
—+—313-318
—o—319-342

Investment deferral (US$k)

Reinforcement schedule (year)

0123 454678910

Output of DG at bus 1135 (MW) Output of DG at bus 1135 (MW)

Fig. 7 Impact of DG output at bus 1135 on reinéonent scheduling and
investment deferral.

During the loss of 108-110, extra power flow flothsough
line 313-318 and line 312-336 to support the lcadhe right
part of the network (bus 1111, 1134 etc). This iogency
results in overloading the line 313-318. Thereftie,increase
of DG output at bus 1135 would mitigate the powemws$
hence to defer the investment time of new line 318-
However, under another contingency, when line 108-is
tripped, power will flow from bus 312 to bus 326 faed the
loads at right part of the network. When DG outputbus

6

earlier to prevent the overloading during the awgeincy (loss
of line 103-105).

According to Fig. 7, additional cost is imposedraw line
103-105 as the DG output increases beyond 4MW. totad
benefits therefore reach its maximum at 4AMW ougnd then
start to drop. As the DG output increases to 9MW above,
it in fact imposes net economic losses to the nétwdhe
guidelines provided by ER P2/6 may be inappropt&te and
it will not minimise the risks of the agreement redsetween
DNO and DG developer: the advantages obtained bWw8M
DG at bus 1135 are higher than 10MW which could
overestimate the benefits if DG output is actugligater than
8MW at the time when the maximum load occurs. One
possible solution for this case could be to makegneement
in which the real DG output at this time is limitadder 8MW
therefore preventing the negative impact on thevoet

Fig. 8 summarizes the sensitivity of investmentedef per
MW connected to different DG locations. Clearlyt naly the
location plays a major role, but also it cannotalssumed that
increasing DG output at a given site will alwaysfede
investments. Apart from DG at bus 1104, 1132 andl066
where DG has negligible impact on all the reinfoneats, DG
connected at other locations presents a signifidifarence
between the average and maximum sensitivity. Thenmman

140

—s—average —o—max —a—min

= =
=) 1=} N
S S S

Investment deferral (US$Sk/IMW)
3

-20

Fig. 8 Range of investment deferral obtained p&W¥ hhcreases of DG at
different locations.

sensitivity of benefits occurs when next additiok®V of DG

would involve the investment deferral of the equimts

connected at 132kV level of network. However, siibe
effectiveness of postponing the connection of ne3g2kV
equipments is less than the impact DG has on th&\B83
equipments, the average benefit sensitivity is ghowown as
most of time the additional MW of DG only affecther none

1135 is greater than the load (4.5MW) of the sams, bO 33kV reinforcements which are less expansive.

additional power will flow through the line 312-33@d to an
extend, which starts causing the line to overload, the
consequence, new parallel line 103-105 has to beemed

D. Strategy to Maximise Investment Deferral
It is valuable for DNOs to understand how to dedlsy, in

terms of location and size, to maximise the investim
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deferral. Here, a simple sensitivity analysis isduto find the required assets and their commissioning time aldimg
minimum DG penetration required to achieve so.t®gfrom planning horizon enables identification of thosses affected

the location where the connection would affect thest

by the connection of DG, making it possible to abtthe

expensive reinforcements, and then the output of BG corresponding new total investment cost.

increased until there are no further additionaldfiés gained.
The same process is repeated for DG at next sdlé&tation.
The result of the deployment of DG is shown in ‘Ealtbll

Security of supply standards
reinforcements in distribution networks. Resultsndastrated
that significant benefits, in terms of investmeetetral, can be

increase the need

harnessed if the DG contribution to system sec(Ftfactors,

TABLE llI
DG DEPLOYMENT TO MAXIMIZE TOTAL BENEFITS

DG Location Output (MW) | F Factor % | Net declared capacity (MW)
1111 5 80 6.25
1125 7 80 8.75
1141 8 80 10
6618 5 80 6.25
6619 5 80 6.25
Total 30 375

ER P2/6) is taken into account. This more integigbroach
for assessing the planning expansion problem iggeker, no
strange to the location effects of DG. Indeed, Iltestlearly
show that the deferment varies significantly witle focation
and size of the generator.

DNOs are usually not able to own generation in many

countries, such as UK. However, with stricter edficy
In total 30MW of DG is required to defer all thetar'gets set by rggulators, it Wpuld be of great@dbr DNOs
reinforcements to year 10. The total deferment 8811k, (© intégrate DG into the planning process.

which is equivalent to approximately 28% of the nplag
costs without considering DG. The saving would abembly
be more if some of the reinforcements are in faotded.

The credits given to a DG plant may not merely depen
its location and size but also the existence ofertBG
developments. The existence of line 311-337 hadipteul [2]
functions. Firstly, it prevents the overloads ofeli301-311
during the outage of line 312-333. Secondly, iba@soids line (3
312-336 to overload when line 103-105 is trippedfobe
another parallel line 103-105 is connected. Theegfo
although DG at bus 1111, 1133 and 1134 can effegtsolve
the first contingent scenario (disconnection o€ li8l12-333),
the credits can not be given until the second ogeticy
(disconnection of line 103-105) no longer requilies 311-
337 to avoid any overloading. From Table 1ll, DGhnect at
bus 1141(8MW), 6618(5MW) and 6619(5MW) together arél
capable of solving the second contingency and velithe
amount of power flowing through line 312-336 to sop the
loads at left part of the network, hence preveatdherloading
of line 312-336 even without the connection of IBEL-337.
As shown in Fig. 5, DG can not have beneficial intpan
deferring the investment in line 311-337 itself amtjess the
location. It is the combination of DG at the sedectocations o]
that could defer the connection of line 311-33#rfrgear O to
the end to planning horizofherefore, DG at bus 1111, 1141,
6618 and 6619 might share the benefits of the tnwast [10]
deferral of line 311-337, despite it is the DG ashll111l
which in fact has the much more impacts on the tiven the
other three locations.

(1]

(4

(5]

(7]

(8]

[11]

V. CONCLUSIONS [12]

An approach for quantifying the impacts that DG rhaye
on the deferment of demand- and system securigyeet|
network reinforcements was developed. A successiue]
elimination technique along with a multistage plagn
analysis was adopted in order to determine the iredju [14]
investments (due to both demand growth and sysesmrisy)
and their corresponding scheduling. Knowledge o€ thl5]
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