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Abstract—Environmental concerns, the need to diver§y
the energy mix, together with technology advancesakie
made Distributed Generation (DG) increase worldwide
over recent decades. One of the major and well-regoised
benefits of DG is its ability to defer future demaul-related
investments, providing potentially significant sauwgs and
competitive advantage for regulated Distribution Néwork
Operators (DNOs). In this paper an approach that cosid-
ers the successive elimination method and multistagplan-
ning is proposed in order to quantify the investmendefer-
ral brought about by DG. Here, each required reinface-
ment and its implementation schedule affected by thcon-
nection of DG can be clearly identified by the DNOA
typical UK distribution network circuit is evaluated. Re-
sults show that characteristics of DG such as lodan, size,
power factor and the commissioning time can resulin
significant reductions of the total planning costs.The in-
vestment deferral per MW of connected DG is also investi-
gated as an index that could assist DNOs in evaluag the
attractiveness of potential connection points as Weas in
guantifying the benefit produced by DG.

Keywords: Distribution networks, distributed gen-
eration, investment deferral, planning

1 INTRODUCTION

Driven by environmental and security concerns, gov-
ernments around the world have set targets to sifyer
and decarbonise their energy mixes in the comirgy de
ades. It is therefore certain that renewable amcbated
heat and power (CHP) technologies will continue to
have incentives to increase their connection ttibis
tion networks.

Depending on its location, technology, penetration
and robustness of the system, integration of Digteid
Generation (DG) may bring about various challerfges
Distribution Network Operators (DNOs), Transmission
Network Operators (TNOs) and regulators [1, 2].eRet
tial benefits are also offered by DG. The UK’s Rene
able Obligation is a clear example of a scheme that
recognises that renewable DG plays an importastirol
reducing carbon dioxide emissions. However, tobesta
lish proper market signals and therefore encouz2@e
developers it must be understood that other benefit
brought about by these technologies should be sedes
and quantified.

Since DG is accommodated in distribution networks
relatively close to the load, it has the potertiahllevi-
ate network power flows. While power loss reducti®n
a direct technical benefit for the DNO, its economi
impact will be only seen depending on the corredpon
ing regulatory agency’s strategy for improving DNO
efficiency. Therefore, a tangible economic benédit
DNOs is that by decongesting network assets, DG has
the ability to help avoid or defer reinforcemergquired
by demand growth in a given horizon.

Investment risk in competitive power markets, ap-
proval for major investments required from the tagu
tors, and cost-effectiveness of current DG teclgieb
are among the main drivers for considering new gene
tion in order to increase the capacity of the nekw8].
Although this characteristic of DG has already been
discussed by researchers and industry and UK DM®s a
currently consulting on distribution charging metho
ologies that recognise the ability of DG to delagpd-
related investments [4, 5], research is ongoinfully
quantify it.

Brown et al. [6], proposed a successive elimination
algorithm for distribution network expansion coresid
ing the specific siting of generation units. Thigle
planning technique makes it possible to calculae t
investments required by the non-DG and DG scenarios
thus obtaining the corresponding monetary benefit.
Mendezet al. [7] demonstrate the impact of different
DG penetration and concentration levels and tedgyol
mixes on allowable load growth without the need for
reinforcements. Gil and Joos [8] developed an aggiro
based on the amount of network currents reduced by
DG unit, assuming that the reinforcement defermexs
equivalent to the time required for the currentseach
the pre-DG level.

In this work, the deferment will be considered lzat t
which occurs when investments that are required to
enable further capacity are postponed as a rekatire
necting non-intermittent DG (e.g., CHP, CCGT). More
over, given the multistage nature of network upgsad
i.e., investments are performed throughout thenitan
horizon, the impact of siting DG in different stageill
be also analysed. The successive elimination phgnni
method [6], by which the network is firstly overtiui



with all possible reinforcement options, and alfs@lu-
tion obtained by successively eliminating the |emnstt-
effective expansion option, will be adopted.

This paper is structured as follows: in Sectiorh@ t
methodology to be used for the investment deferral
analyses is presented. A typical UK distributiotwark
circuit is evaluated and results are discussedetti@h
3. Security of supply-related opportunities for @&
investigated in Section 4. Section 5 discussesrothe
issues related to DG. Finally, conclusions are draw
Section 6.

2 METHODOLOGY

Mendezet al. [7] studied distribution investment de-
ferral in terms of the load growth that certain gtea-
tions and concentration levels of different DG teab-
gies would allow the network to achieve withoutuieg
ing further capacity upgrades. However, while the r
sults clearly show the impact DG has on deferrimg i
vestments, this study cannot be used for quangjftfie
relative benefit that a generation unit may brirogpuat
according to its location.

While the siting and sizing of DG units are notemc
sarily decided by DNOs, studies that supply infdiora
regarding the most beneficial connections pointd an
generation capacities — from the network pointiefw—
might be used to create a framework for incentioes
charging schemes. Following this idea, in [8], thpac-
ity deferral benefit of a single DG unit was calted
for every node of a distribution network. Whilstisth
approach provides the relative benefit of DG in mon
tary units per connected kVA, the adopted defema
was not appropriate since it considered the timeired
for the network power flows to return to the lepeior
to the connection of DG (see Appendix). The ecoromi
benefits of DG are quantified more accurately i th
deferment is relative to the time when the reinfonent
costs are incurred.

In order to evaluate the effect that the placenaént
generation units may have on the expansion planning
costs, the reinforcements required by the orig{nah-
DG) and DG scenarios need to be determined. Fer thi
purpose, a two-phase approach is adopted for agive
case of load growth, planning horizon, and presemce
absence of new DG. Firstly, the Successive Elironat
(SE) method is carried out in order to evaluate dhe
pacity upgrades needed by the distribution network.
Secondly, the multistage planning analysis is peréal,
by which the required investments are scheduledrdec
ing to the needs of the network. Finally, the tegban-
sion planning costs are calculated for the studiesk.
The difference between the costs required for tiigi-o
nal scenario and the DG scenarios will corresporitie
value of investment deferral produced by the cotioec
of new generation.

The following subsections describe in detail each
phase of the proposed methodology.

2.1 Successive Elimination Method

The successive elimination method presented is[6]
adopted to determine the most cost-effective nétwor
expansion combinations at the end of the plannarg h
zon. Metaheuristic optimization planning stratedies
distribution networks commonly found in the litanst
(e.g., Genetic Algorithms, Simulated Annealing @bl
Search) are likely to give a better solution thastalled
greedy heuristics like SE. However, the latter still
produce a reasonable solution with little compotai
effort due to its simplicity of implementation. Aitidn-
ally, the methodology is straightforward which mske
the process easily understandable by the planreitau
the use of a cost-effectiveness index.

The fundamental concept of the SE method is to ini-
tially overbuild the network with all reinforcemeaan-
didates including transformers and lines. Then,¢hst
cost-effective option is removed until the further-
moval of any remaining candidate would cause system
constraint violations during the planning horizéigure
1 shows the flow chart for the SE technique.

Overbuilt network
[ Eiminte an opion |
Run AC power flow

Any system

disconnection
and/or constraint Update the|
iolations?2 network
s
Calculate its cost effectiveness
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elimination least effective
i option from the

pool
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A
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Are all the
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Is pool of
elimination
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Figure 1: Flow chart of the Successive Elimination Method.

The steps of the methodology are as follows:

Step 1 Consider the load demands corresponding to
the year at the end of the planning horizon.
Identify all the required network capacity ex-
pansion options and connect them to the net-
work. Verify that the overbuilt network has no
constraint violations (thermal and voltage).
Disconnect each expansion candidate in turn
and verify constraints are being fulfilled and
loads are being supplied. If so, calculate its
cost-effectiveness using the following equation:

_P-P,
CE. = Gost (1)

Step 2

Step 3




where CE, is the cost-effectiveness measure-

ment of optiora in MW/$, P is the sum of the
real power flows through all lines and trans-
formers for the current dummy networR, is

the sum of real power flows through all lines
and transformers of the network without option
a; and, Cost, is the cost of optioa. Since the

formulation of cost-effectiveness is based on
the reserve capacity provided by eliminating
planning options, then the lower values will
correspond to the least cost-effective invest-
ments.

The candidate is then put into an elimination
list. Repeat Step 3 until all expansion candi-
dates have been examined.

Compare the cost-effectiveness of all the op-
tions in the elimination list. Find out the least
cost-effective candidate and remove it from the
network. If the list is not empty, go to Step 3,
otherwise go to Step 5.

Step 4

Step 5
Save the remaining candidates for the multi-

stage planning analysis.

2.2 Multistage Planning Analysis

The purpose of the multistage planning analysts is
schedule the implementation of the reinforcemetis o
tained from the SE method along the planning harizo
Thus, by scheduling the reinforcements accordinipéo
demand growth it is possible to evaluate the imaest
deferral produced by the connection of DG at diffeer
stages. Figure 2 shows the flow chart for the staltie

planning.

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

Run AC power flow

Any system
disconnection
and/or constraint
iolations?2

End of
planning
orizon?

Choose the reinforcement from
the remaining candidates found
by the SE method

Yes

Update the network with the
forecasted demand <
Year = Year + 1

Figure 2: Flow chart of the Multistage Planning.

The steps of the procedure are as follows:

Step 1 Forecast the demand for the base year.

Step 2 Connect any scheduled DG.

Step 3 Verify whether there are system disconnections
or constraint violations. If not, go to Step 4,
otherwise choose the most cost-effective rein-
forcement from the remaining candidates found

The final expansion plan has been determined.

by the SE method. If required, capacitors can
also be placed.

Step 4 Stop if the planning horizon has been achieved.
Otherwise, forecast the demand for the next
year and return to Step 2.

2.3 Investment Deferral
From the previous two subsections, the capacity up-
grades for the network expansion and the correspgnd
scheduling of investments can be determined. Taiobt
the total investment incurred by each planning aden
studied, the present value of each upgraded asselds
be calculated. In this way, the total present v{Ri€)
cost of the plan is given by:
h n
Pv=Y > @
t=1 i=1 €
whereh is the number of years in the planning horizon,
n is the number of reinforcements required for year
C,is the cost of asseétrequired for yeat, andp is the

continuously compounded annual discount (or interes
rate.

The investment deferral, as a benefit brought about
by the connection of new DG, is then calculated by
subtracting the PV of the total investment requibgca
given DG planning scenario from that of the oridjifme
new generation) planning scenario:

h n C
Inv. Deferral = ZZ—;;]
e

t=1 i=1

h n C
"2 20

t=1 i=1

3)

noDG DG

3 APPLICATIONS

The methodology is applied to a 20-bus distribution
network. First, the traditional planning analysi®.,
excluding DG, is applied to the test network. Thien,
order to evaluate the locational deferral bené&fibagh-
out the circuit, a single DG unit is placed at e&wdd
node in turn. Finally, the investment deferral wiz@
is connected at different stages of the planningzbo
(15 years) is studied. A load growth of 2% and @ re
discount rate of 6% were adopted. Voltage limitseve
set to + 6% of the nominal voltage. The generation
capacities analysed here will be small relativethe
load, therefore, DG-led reinforcements will not dmn-
sidered in the planning costs.

The successive elimination method and multistage
planning analysis were implemented in the commbycia
available PSS/E power systems modelling environment
using the Python programming interface.

3.1 Traditional Planning Analysis

The 20-bus test network, as depicted in Figurs 3, i
simplified circuit from the United Kingdom Generic
Distribution System — EHV Network 6 [9]. The netkor
topology is highly radial while the major brancre®
supplied by the 275kV grid point via 275kV/132kV
transformers. Energy is delivered through 132k\édin
and stepped down to 33kV when entering the magm lo
zones with high customer density. All loads are-con
nected at 11kV and total 173.4 MW.



Applying the successive elimination method and the
corresponding multistage analysis without considgri
any new generation, Table 1 presents the schedafing
the investments required along the 15-year planning
horizon. The present value of the total planningest-
ment accounts for approximately US$ 1.91 million.
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Figure 3: Simplified 20-bus network from the United King-
dom Generic Distribution System [9].

. Present
Location | Feeder C(a,\g\ali)ty C305t EYeartgf Value

(10° USS$) | Execution (103 uUss)

103-301 103 1x68 1212 3 1012.10
322-1108 111 1x23 248 5 183.80
320-1111 111 1x23 248 13 113.74
329-1126 103 1x23 248 14 107.11
111-322 111 1x68 1212 15 492.64
Total Investment Required 1909.39

Table 1: Scheduling of new transformers required along a
15-year planning horizon, without considering DGnigec-
tion.

From Figure 3 it can be seen that the capacityaisag
of the lines is relatively low compared to that tbhg
transformers. Indeed, given the initial charactessof
the network assets, the 132:33kV transformers éatcat
103-301 (2x51MVA; 6% capacity headroom) need to be
upgraded sooner than those at 111-322 (2x77MVA,;
28% headroom). Also due to the capacity usage; rein
forcements are also required for those transformers
corresponding to the loads at 1108, 1111, 1126¢hwhi
are the ¥, 3% and 4" largest loads of the systems. The
most heavily loaded bus (1114) is served by threest

formers (3x17MVA) guaranteeing enough spare capac-
ity. No line needs reinforcement.

3.2 DG Analysis — Base Year Connection

The initial analysis considered the connection of a
single generator (unity power factor) at the 11k¥sb
1126 commissioned in the base year, i.e., at tiginbe
ning of the planning horizon. By applying the meatbb
ogy presented in the previous section it is posstbl
compute the new total investment required and thre ¢
responding scheduling of new equipment for differen
capacities of DG.

Results shown in Table 2 clearly indicate the inbipac
of the generator on displacing the need for furttetr
work capacity, creating a new scheduling for those
transformers required for the non-DG planning sdena
(Table 1) and, therefore, deferring the investmait.
though the costs of the DG connection and conséquen
network upgrades were not considered in the armsalysi
the costs related to those reinforcements displaved
the 15-year horizon were still assigned to thel tpta-
sent value in order not to overstate the benefitght
about by DG.

It can be verified that while the schedule of those
transformers located in the feeder below bus 183 (i
bold) was affected, the connection of the DG had no
influence on the capacity upgrades required for the
feeder below bus 111. Moreover, in this particglase,
it can be seen that the larger the power outpetlatger
the investment deferral.

Year of
Execution [ 2-3 ]
3 103-301  103-301
4 103-301

322-1108 322-1108 322-1108

6 103-301

7 103-301

8 103-301
13 320-1111 320-1111 320-1111 320-1111 320-1111 320-1111 320-1111
14 329-1126

15

DG Capacity (MW)
4-5 | 6-7 [ 8-9

no DG |
| 10

103-301

5 322-1108 322-1108 322-1108 322-1108

111-322
111-322 329-1126 111-322  111-322  111-322  111-322 111-322

>15
Present
Value
(US$)
Investment
Deferral

329-1126 329-1126 329-1126 329-1126 329-1126

1909.39 | 1903.15 | 1838.34 | 1782.83 | 1730.55 | 1681.32 | 1634.96

0.33% 3.72% 6.63% 9.37% 11.94% | 14.37%

Table 2: Scheduling of new transformers required along a
15-year planning horizon with various DG capacitem-
nected at bus 1126.

The same analysis was applied to each of the load
buses in turn. The planning investments requiredHe
planning horizon were calculated for different azipes
at unity power factor. Figure 4 shows the investmen
deferred as a percentage of the total expansioh cos
without DG (Table 1), for the most and least séresit
buses for each of the two main feeders.

Due to the high cost of a new transformer at 10B-30
and, given the need for its near-term replacenmat-
ing a generator with significant capacity at anyitsf
downstream load buses results in larger savings tha



siting the DG unit within feeder 111. However, bhssk
trated in Figure 4, within the same feeder the tiocaof

the generator also influences its ability to defsest-
ments. Since it is the headroom of the transforragers
stream from the loads that also determines how soon
reinforcements will be needed, proper siting of BG
able to bring about the largest benefits. Consetyjen
the larger the penetration of DG does not necdgsari
mean a larger investment deferral benefit.

—=—DGat1126

15 4 —o0—DGat 1101

14.4%

—a—DGat1108 Feeder 103

——DGat 1125
11.3%

i
o
L

6.5%

Investment Deferral (%)

o
L

Feeder 111

1.5%

10
DG output (MW)

Figure 4: Investment deferral benefit with single DG unit of
different capacity at several locations.

Another parameter that influences how the DG con-
nection impacts on the total expansion cost ipawer
factor. Figure 5 shows the results correspondinthéo
connection of a DG unit at bus 1126, varying itsvpo
output and considering 0.9 lagging (injecting react
power), unity and 0.9 leading (absorbing reactive
power) power factors. As expected, the lagging powe
factor scenario improves the network voltage peofil
increasing also the capacity headroom, and thexefor
postponing investments. On the other hand, leading
power factor forces earlier circuit reinforcememda
above a capacity of 7MW, the need for capacitors to
support feeder voltage.

3 17%

00.9 Leading

14.4%

15 4

| Unity
[ 0.9 Lagging

Capacitors

Investment Deferral (%)

DG outputt (MW)

Figure 5: Investment deferral benefit of different DG capaci-
ties and power factors at bus 1126.

By analysing the DG impact on the total expansion
planning cost, as shown in Figure 4 and Figurd & i
possible to obtain the average investment defereal
MW of a single DG unit connected to each of thalstu

ied load buses. These values are shown in Figufes 6.
expected, siting a generator at bus 1126 lead$ido t
largest benefits per MW, suggesting that, fromDO
point of view, a DG of any size would be betteratsl
there than at any other point of the network ineorb
defer the most investment. It can also be verifiasl,
observed previously in Figure 5, that larger basefre
achieved when a lagging power factor is adoptethby
generator.

While Figure 4 is useful in identifying the invesim
deferral trends with DG capacity, it is with Figugdhat
a better comparison of the benefits brought abaut p
MW of DG can be made. Indeed, the results of such a
analysis could be used to help create a chargirth-me
odology that considers the benefit of DG on investm
deferral.
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Figure 6: Investment deferral per MW of a single DG unit.

3.3 DG Analysis — Scheduling Connection

In the previous subsection the commissioning of the
DG unit was considered to take place at the bageagfe
the planning horizon. As the proposed methodology
highlights the scheduling of the required investtaen
the effect of different commissioning times can be
evaluated.

Table 3 presents the investment deferrals produced
by connecting a 5SMW generator (unity power facr)
bus 1126, considering three different commissioning
times: base year, year 3 and year 4. The load growt
requires the feeder 103 to be reinforced at yewaitl3
the installation of an extra 68MVA transformer (non
DG case, Table 1). Therefore, the placement of a DG
unit during that period will reduce the local loadlevi-
ating the power transfer and deferring part of itne
vestment. On the other hand, Table 3 shows that com
missioning the generator at year 4 will only dethg
installation of the 23MVA transformer (329-1126) di
rectly upstream from the DG, resulting in fewerisgs.

The effect of two 5 MW, unity power factor, DG
units located at buses 1126 and 1108, which predent
the largest sensitivities for each feeder (Figurand
Figure 6) are shown in Table 4. The investment rdaiffe
benefit of both generators was found to equal time sf



their individual benefits (Figure 4). This is exipled by
the fact that DG sited in one feeder does not atfee
loads or the planning process of the other (althoug
protection schemes in neighbouring feeders migbtine
to be reinforced; this scenario was not considered)
Additionally, the effect on the investment deferpab-
duced by the late commissioning of the generatars c
also be verified in this case.

Comissioning of DG at bus
1126 (Year)
o [ 3 [ a4
103-301

Year of

Execution| "° DG

3 103-301

103-301  103-301
322-1108 322-1108 822-1108

320-1111 320-1111 320-1111

5 322-1108

320-1111
329-1126
111-322

111-322  111-322  111-322
329-1126 329-1126  329-1126

>15
Present
Value
(US$)
Investment
Deferral

1909.39 | 1782.83 | 1782.83 | 1897.28

6.63% 6.63% 0.63%

Table 3: Scheduling of new transformers required with dif-
ferent commissioning times for a 5SMW DG at bus 1126

Comissioning of DG at buses
1126 & 1108 (Year & Year)

0&0 | 3&5 | 4&s6
103-301
103301  322-1108
322-1108
320-1111

Year of

Execution| "° DG

3 103-301
5 322-1108

103-301
322-1108
320-1111

320-1111
329-1126
111-322

111-322
329-1126

320-1111

111-322
329-1126

111-322

>15 329-1126

Present
Value
(US$)

Investment
Deferral

1909.39 | 1691.10 | 1691.10 | 1868.59

11.43% 11.43% 2.14%

Table 4: Scheduling of new transformers required with dif-
ferent commissioning times for two 5MW DG connected
buses 1126 and 1108.

Here, the results obtained are similar to thosenfro
the elementary analysis in the Appendix. HoweMee, t
necessary upgrades are not obvious in meshed ratwor
where changing the impedance of a line changes flow
patterns in the network. This is also the caseninret-
work (meshed or radial) where voltage constraimés a
important or where a wider range of upgrades sich a
VAr support is available.

4 SECURITY OF SUPPLY

In the cases above, only the reinforcements rekated
network capacity were considered. However, reirdorc
ments related to the security of the supply caralse
incorporated into the proposed methodology without
significant modifications. Assuming a scenario veher
DG is allowed to contribute to the security of shyppf
the network — as it is in the UK — the approach ivdae
able to quantify the impacts of DG on security-teta
investments.

Considering the UK Engineering Recommendation
P2/6 [10], the following example shows how DG could
contribute to avoid reinforcements required by siégu
of supply standards.

4.1 Example

Figure 7 presents a two-bus test system that ieclud
two identical non-intermittent generators, eachhwit
declared net capacity of 20MW and 90% unit avaiabi
ity; both connected to a bus with a 60MW load. The
load is connected to two 45MVA, 0.95 power factor
transformers with 1.3 cyclic rating factor

2 x 45MVA
1.3 Cyclic Rating Facto

0.95 Power Fact ——(9 2 x 20mw
I . 90% unit availability

GD—_l 60MW

Figure 7: Two-bus test system.

S/s

Since the load is 60MW, only the first circuit ogea
(FCO) needs to be considered.

Without DG, the maximum amount of load that can
be supplied following the outage of the most crucia
circuit, i.e. the Network Capability (NC), would:be

NC after FCO=1x45x13x 095=556MW .

ER P2/6 provides lookup tables to search for the ca
pability of DG as a function of DG availability and
number of units [11]. In this case, the F factor tloe
two generation units with 90% availability is equal
69%. Therefore, the two units connected to the lnasl
would have an effective contribution of generatigual
to:

DG Contribution= 069x2x20=27.6MW .

Then, this value can be added to the NC to meet the
demand after the FCO, achieving a total of 83.2MW,
allowing the circuit to fulfil the security of sulypre-
quirements without needing further investments.

Based on ER P2/6, an additional constraint reggrdin
the maximum load allowed at each bus could be meas-
ured and considered in the proposed methodology in
order to determine the security-related reinforaese
and the consequent investment deferral when tahking
account the connection of DG.

5 DISCUSSION

It is certain that location of CHP schemes willedpl
depend on the site where the existing plant isnHuae
brand new industrial plants, the placing mainlyezbn
land availability. CCGT schemes also face the same
limitations. As for renewables, on top of land Bssu
good source availability is also a major concemtife
economic feasibility of a development.

While it is arguable that the connection point lie t
grid of new generation could be driven by locatlona

! More details on the ER P2/6 methodology in [10, 11



prices, it is important to acknowledge all of thenbfits scheme. Full details on http://www.supergen-
brought about by DG in order to have proper market amperes.org.
signals. Moreover, in a context where DNOs arenadib
to invest in generation capacity, DG’s ability tefer APPENDIX
network upgrades might prove to be a profitableoopt
Availability or load factor of non-intermittent gera-
tion may be also used to consider the actual D@aap
ity. Dealing with intermittent generation, such amnd
power, is a more complex task. A typical load faaib
wind farms might be applied to the capacity of a-no
intermittent generation analysis. Nonetheless, aemo
suitable approach would be to include in the prepos
methodology a time-series (e.g. hourly) or scenrario
based analyses of both generation and demand.

Consider the two-bus example shown in Figure 8.
According to [8], the connection of a 10MW generato
at bus 2 would yield a reinforcement deferral corre
sponding to the time required for the load to aohiis
base-year capacity needs, i.e. the time for theaddrno
increase from 20MW to 30MW.

Bus 1

Line
Capacity
51%

Line
Capacity
6 CONCLUSIONS 51%

An approach for quantifying the impacts that DG may
have on the deferment of demand-related network rei

Bus 2

Load Load -

forcements was developed, taking into account fhe e 20MW 30MW  10MW
fects of the generator's capacity, location and oisn (@) (b)
sipning tim.e. A succegsive elimination techniquwgl Figure 8: Two-bus test system (a) Base year, no DG; (b)
with a multistage planning analysis was adoptearder Load increase required to achieve the non-DG lapacity.
to determine the required investments and theireeor
sponding scheduling. Knowledge of the required tasse Adopting an annual load growth of 3%, this time
and their commissioning time along the planningi-hor  would be calculated as follows:
zon enables identification of those assets affelotethe Load' 30
connection of DG, making it possible to obtain thoe- In Load® In| ——

. . : , B oad” ) 20) _
responding new total investment cost. DG-led rein- TimeDef.= ~= = =13.7 years.
forcements were not considered in the analysistdue |”(1+') |”(1+ 0-03)

the relatively small DG penetration studied, howeae where Load' is the future demand,.oad® is the pre-
procedure to take into account such investmentsbean  sent demand ani is the annual load growth. However,

incorporated to the proposed methodology. as discussed previously, the time deferral musiased
Results showed that the investment deferral varies on the time the reinforcements are needed, inctse,
significantly with the location, size and even tiantrol when the maximum capacity of the line is achievas.

strategy (power factor) of the generator. Furtheeno  shown in Figure 9a, for the base year with no O, t
the calculation of the investment deferral per MV o current will reach the line’s rating when the ldad9.2
DG appears to be a useful index for DNOs to idgntif  Mw, while if DG is connected the reinforcement igyo
the connection points that are most beneficialbgats- needed when the load increases to 49.2MW (Figuye 9b
ing at the same time the extra value of DG. Such pa Therefore, the difference between the times redufive
rameters could be used to incentivise DG developers  the demand to achieve both cases correspondsitea t

certain locations by adapting connection chargimghm deferment of:
odologies. 492 392
DNOs are usually not able to neither own generation m[zoj |n[20j
nor decide the commissioning time of new develop- TimeDef.= - =7.7years.
ments. However, the second analysis clearly shbws t In(1+ 0'03) In(1+ 0'03)

impact that DG have when considered as an option in

the planning process in order to defer demandeaelat
investments. While regulations are unlikely to aein Bus1
certain countries and uncertainties surround thaahc
commissioning of new developments, it would be of

great value for DNOs to incorporate DG into thenpla

ning process. Bus 2

Line
Capacity
100%

Line
Capacity
100%

Load Load
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Consequently, the analysis based on the time edjuir  [11] R. Allan, G. Strbac, P. Djapic, and K. JarréRe-
for the currents to reach the pre-DG level willde@a veloping the P2/6 methodologyDepartment of
inaccurate results (in this case tends to overagtirthe Trade and Industry (DT))Apr. 2004.
benefit), apart from the fact that does not take -
count the problem of capacity reinforcements.
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