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Possibilistic Evaluation of Distributed Generations
Impacts on Distribution Networks

Alireza Soroudi, Mehdi Ehsan , Raphael Caikember, IEEEand Nouredine Hadjsaicgenior, IEEE

Abstract—In deregulated power systems, the distribution net-
work operator (DNO) is not responsible for investment in
Distributed Generation (DG) units and they are just concerned
about the best architecture ensuring a good service quality to
their customers. The investment and operating decisions related
to DG units are then taken by entities other than DNOwhich are
exposed to uncertainty The DNO should be able to evaluate the
technical effects of these uncertain decisions. This paper propes
a fuzzy evaluation tool for analyzing the effect of investment
and operation of DG units on active losses and the ability of
distribution network in load supply at presence of uncertainties.
The considered uncertainties are related to load values, installed
capacity and operating schedule of DG units. The proposed

economic signals (like connection charge or loss reduction
incentives [2]) to lead DG investment in certain areas and
sizes but two important questions arise here, as follows:

1) Are the investment decisions of DG developers exactly
the same as what DNO intends?

2) Will DG operators schedule their units according to the
DNO'’s benefits (if no technical constraint is violated)?

The answer of the first question is quite clear. The decisions
of DG developers are determined by technical constrairds an
also their own interests and are not exactly what DNO desires

model is applied on a test system and also a real French urban Although the production forecasts are traditionally reedi

network in order to demonstrate its functionality in evaluating
the distribution expansion options

Index Terms—Fuzzy modeling , Uncertainty , Load repression
, Distributed generation , Active losses.

I. INTRODUCTION

The Distributed Generation (DG), defined as generation

plants connected to distribution system, has been give

great deal of attention ithe last decade. The technologica

n
gource of energy. In [8], an efficient probabilistic load flow

only at transmission levels, but DNOs should have a clue
about the active resources (DG units) which may be added
in their territory. The answer of the second question is lyigh
dependent on DG technology and decisions of DG-operators.
The DG technologies can be widely categorized into renesvabl
and non-renewable technologies.

In renewable DG technologies, the uncertainties show
stgchastic behavior because of random nature of their pyima

development, necessities of emission reduction [1], secmethOd is proposed to take account the distribution system

ing the energy supply, flexibility of investment [2], active

loss reduction [3], investment deferral [4], [5] and rellep
improvement has made DG units an interesting option

operation uncertainties including daily time varying lpad
stochastic DG power production, network configuration, and
yoltage control devices operation. In [9], a probabiligawer

meet the load growth. The analysis and quantification of DEW IS Proposed to deal with the interdependent unceresni

effects on distribution networks is of great importanceeT

proposed models of the literature for quantification of thed
effects can be widely divided into two frameworks: central

hof wind generation, loads and generation availability. 10][

stochastic model of wind generation is proposed to all@av th

jcoordination of wind and thermal power in an OPF dispatching

controlled investment and investment under unbundlingsrulprogram' A method based on time series is proposed in [11],

[6]. In centrally controlled investment, Distribution Netrk

Operator (DNO) is responsible for DG investment in distri

[12] to examine the opportunities and challenges offered by
renewable power generation in non-firm connection. The-time

bution network. In these models, the optimal investment aff§'"€S Steady-state analysis proposed in [13], assesbesc

operating of DG units is calculated and run by DNO [3

]|ssues such as energy export, losses, and short-circeislev

[7]. In contrast with centrally controlled investment, tbé& due to high penetration of renewable energy resources on the

investment under unbundling rules is not the duty of DN
and he is just responsible for maintaining the fair accztss
D

and efficiency of distribution network. In this context,

8istribution network.

In non-renewable DG technologies, normally, DG operators
end to maximize energy production. Consequently, if gossi

investment is done by private sector based on its own irttered1€Y Will operate at nominal or near nominal capacity bus thi

In liberalized electricity markets, DG-owners are givemso
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is just an estimate of what they will decide. The problem is
that the DNO cannot be sure about the capacity of DG unit
which may be installed in a specific area and its operating
schedule; In [14], a probabilistic model based on Monte &arl
method is proposed in which the location and capacity of DG
units are known but the operating schedule of these units are
uncertain due to the behaviors of DG owners.

The key point is that all of the uncertainties do not nec-
essarily follow basic probabilistic behaviors. In otherrds



if the DG technology is non-stochastic but uncertain (sush A. a-cut method
gas turbine or CHP), the output of these technologies depend . . . : :
on investment/operating decisions of their owner/opesato. In engineenng problems, the eyalugtlon ofacgrtaln quant
How should DNO model and evaluate these non-stochas't'?cusually in the form of a multi-variable function namely,
uncertainties? y = f(x1,...,2,), if &; are uncertain then y will be also
This paper tries to answer the last question with proposir\fgcertam’y = f(Z1,...,2n). The question is that, knowing

a diagnostic model for evaluating the effect of non-stotihas "¢ T;egb(terrlshlp fungnorr]? 0‘; uni?rta'?f;n_?#t vanafﬂ ,esv\t/ﬂag
uncertainties of DG units on distribution network perforoe. wou € the membersnip function ot ea-cut metho

The focus is on two indices, namely active power loss 6] answers this question n this way: : .

and load repression [15] which is an index demonstrati r agen fuzzya s_elA, Qef|ned on universe of d|sc<_)urse,

the ability of distribution network in load supplying. The ’ the crisp set_A is defined as all elements &f which

uncertainties of installed capacity, the operating schedf have mempershlp degree 1 greater than or equal to, as

them and also load behaviors are taken into account. A fuz%lculated in (1).

model based on extension principle-¢ut method) [16] is o

used to deal with the aforementioned uncertainties. A% =z ei' na(z) = o} (@)
The rest of this paper is structured as follows: Section A% = (A", A7)

Il presents the method used for modeling and dealing with ] . . )

uncertainties. The problem formulation is described intigac 1he a-cut of each input variables, is calculated using (1),

Ill. The proposed model is applied on two distribution nethen thea-cut of y, y* is calculated as follows:

works and the simulation results are presented and distusse

a a =«
in Section IV. Finally, conclusions are drawn in Section V. yr ="y @)
y® =min f(z7,...,z)
[1. UNCERTAINTY MODELING 7% = max f(z9,...,2%)

The DNO needs computational tools for evaluating electric
distribution systems which consider uncertainties of tnpar This means for each-cut, two optimization is done. One
rameters. There are two well-known frameworks for quantifymaximization to obtairy® which is the upper bound af,
ing the lack of knowledge, namely probabilistic and podisibi and one minimization for obtaining thg*, the lower bound
tic uncertainty modeling [17]. The probabilistic framewsr of 3. ;
deal with the uncertain events which follow a ProbabilitysDi
tribution Function (PDF), Monte Carlo Simulation (MCS) |18
is a method frequently used in these models. However, th@&e Defuzzification
are some situations in which there is not much information o i ,
about the PDF of uncertain parameters or these are inhyerentIThe defuzzification is a mathematical process for convgrtin

not repeatable so the probabilistic methods like MCS can rfd{uZ2y number into a crisp one [22]. In this paper, the cexitro
be used to deal with them. In possibilistic frameworks, facie method [19] is used for defuzzification of fuzzy numbers. The

uncertain valueA, a membership functiony(z), is defined deffuzzified value of a given fuzzy quantity, is calculated

which describes that how much each elemenbf universe 2S follows:
of discourse (the universe of all available information @ho [ pua(z).zdx
the uncertain parameter [19] or simply the set of all values AT = W ()
that = can take [20]),U, belongs toA. Different types of pa
membership functions can be used for describing the uncerta
values. Here, fuzzy trapezoidal numbers (FTN) [21] with a I1l. PROBLEM FORMULATION
notationA = (amin, aL, A, amax) are used as shown in Fig.1.
The assumptions, constraints and the evaluation indiaes ar
described as follows:

o
©

_______ | A. Assumptions

o
o

1) DG Modeling: DG units are modeled as negative PQ
loads with constant power factor [6], as follows:

o
)

Membership Degree
o
iy

< P -
Q=i i e o

pdg dg adg
0 T Y Pz‘,t,h = cosp T X Si,t,h )
min L U max ~d d ~d
. i g g
Predicted Value of A it,h — sty 2 Sij,h

Universe of discourse

whereS% .. P%, andQ?¢, denote the apparent, active and
Fig. 1. Fuzzy Trapezoidal Number reactive fuzzy power generated by DG unit in buslemand

level h and yeart, respectively.



2) Uncertainty Modeling: The three main sources of un-B. Constraints

certaiqties considgred in this_paper are electric loadsaliled 1) Power flow equationsThe power flow equations which
capacity of DG units and their operating schedule. The expla st be satisfied for each-cut, in demand leveh and year

nation of each parameter is described as follows: ¢, are as follows:
o Fuzzy load: The load variation curve over each year is . - -
. .o . pret 7PD + Pdg (9)
modeled using multiplication of three parameters. The it,h — T Lith it,h
first one is the basg loads/,,,., in thg f|r§t. year et = _th,h"_QZi,h
of the evaluation period and each year is divided into Shet T ~ 5 5 9
Ny demand levels. A Demand Level FactérF/, is Nk = Vien D YisVien x cos(Bien = 0y = 035)

assigned to each demand level which is the forecasted Qret — v, ZYijfijt’h X sin(0; 1.0 — 0j.e.n — 0is)
value of “load to peak ratio” varying between 0 and 1. v '

The duration of demand levél is denoted byr,. The where P/'¢} and Q¢ are the net active and reactive power
uncertainty of DLF; is modeled using FTN, describedinjected to the network in bus in demand leveh and year
as follows: t, respectively.

2) Voltage limits: The magnitude of voltage in each bus

DLFy = (dlf i, dlf 1, dlfy, dif in demand leveh and yeart should be kept between the safe

mam)

x DLF]  (5)

Assuming a demand growth rate, the demand in bus OPerating limits.
i, in demand leveh and yeart is calculated as follows: Vinin < Vit < Vina (10)

. b -
P = Pilhgse X DLFy x (1+7)* (6)  whereV,,, andV,,.. are the minimum and maximum safe
Qi{’t’h = bease x DLF}, x (14 7)* operating limits of voltage, respectively.
Sb . =Ph, +iQP - . .

g’h “tg ij’t”]‘J 3) Thermal limits of feeders and substatiomo maintain
Sibase = Lipase +IQipase the security of the feeders and substations, the flow of cur-
rent/energy passing through them should be kept below their

where S2., . PP, and QP., are the apparent, active 2 .
Ltk 1S gt Qitn PP thermal limit, 7£ /5974 as follows:

and reactive fuzzy power demand in higlemand level | TmaxiEmay
h and yeart; S5, , P1, andQP, , are the predicted Tpon <IS.. (11)
values of apparent, active and reactive power demand in Gorid o ggrid

t,h  — Mmazx

busi, demand leveh and yeatrt.

« Fuzzy installed capacityn deregulated environment, thewhere I, , is the fuzzy current magnitude of feedérin

private sector will invest in the network based on its OWRassing through substation’s transformer in demand lavel
interests. The DNO can only analyze the network anghq yearr.

identify the interests of DG investors and predict their

actions. These facts imply that the capacity of DG unitsin . | . o

each bus is not a certain value. In this paper, the installéd Distribution network impact indices

capacity of DG units are modeled as a FTN, nanféﬁ/, As already explained, in investment under unbundling rules

as follows: the responsibility of DNO is maintaining the efficiency and
g dg  dg ~dg rdg dg.f fair access in distribution network. The total active lo$she
Siw = (Cins 675 Cu' » Cmiax) X Cap (") network is a good measure of efficiency in a distribution net-

Where Capdg,f- denotes the forecasted value of D _ork. The economic impact of loss reduction on DNO benefits
. v . i ighly depends on regulatory framework. In some models of
capacity to be installed in bus ; . . . . .

. Fuzzy DG generationThe generation schedules of DGthe. literature, like UK, an incentive-based melchanllsmtems
units are determined by DG owners and are not centra I'Ch encourages the DNOs to reduce thew active_losses
controlled by DNO. In this paper, the apparent power ow:a given target level [6]. A load repression facto_r .[]5]

DG units are modeled as a FTN, namélgﬁ, as follows: u_sed in this paper as a measure of_falr access and _abllltyeof th
given network in load supplying which will be explained late
S5 = (€min X M e, x &9, 589 09 (8) The proposed model calculates the introduced two indices
v ' namely, load repression and active losses, as follows:
Although the capacity of installed DG in a given bus, 1) Load Repression:The distribution networks are de-
&7, is uncertain but the DG generatiofi}’¢ ,, can not signed for forecasted values of loads. The DNOs need some
exceed the installed capacity of DG unit in anycut. evaluation tools to determine the robustness of distdiputi

The minimum generated power of DG unit is highlhetwork in load supply against different uncertaintiesedé

dependent on the decision of its owner and technicghcertainties include investment/operating of DG unitsl an

characteristics of DG. Im = 1, the percentage of? also forecasted values of loads in the network. The load
which may DG decrease its generated power is specifigéhression index introduced in [15], is used to identify the
by e, and ina = 0, this is done usingy,iy,. difference between the possible (predicted) values of load



and what can be supplied in each bus. If these two valuekactive/reactive values of loads in each bus. In this paper
are different in a bus, its load is repressed. First of al ths modified as follows: first, for calculating the upper bowfd
differences between two important concepts are explaindd doad in a givenn-cut, in addition to the constraints considered
then their application will be demonstrated. The predictad [15], voltage limits are also considered in calculations
value of load in bus is obtained by multiplication of three The second issue is that when the uncertainty of a load is
parameters namely, base value of load in hus Si’f’base, concerned, it is mainly toward its magnitude not its power
forecasted value of demand level factor in demand léyel factor. This implies that if the calculation of the activedan
DLFf{, and load growth factor until year, (1 + «). The reactive values of load is done independently then the loads
forecasted value of load is shown in Fig.2 and calculated ean have any power factor which is not realistic. In this pape
follows: it is assumed that the only uncertain value of the load in each
bus is the magnitude of it. The DNO checks the maximum
Sfen = Sthase x DLE] % (1419)" (12) and minimum load in bus, Siin S, » which distribution
network is able to supply in each demand level, as follows:

Slqjt,h = min Sio,ét,h (14)

re

Sazl,min

ith % _ o
Si,t,h = nax Si,t,h

Subject tof4) — (13)

-
.=

a)

0.6
a=0,min
Si,t,h

The load repression index in demand leveland yeart,

rep;i.+ n, 1S defined as the sum of the area in membership func-
tion of each load that can not be supplied in a given network
(distinguished with grey color in Fig. 2) and calculated as

follows:

Membership degree (

SFO'l a=1,s” of N Tt zas0 o _ a,min  go,maxy el o«
2ih St Sign S Sith 7€Pz,t,h*A(Si,t,h 7Si7t,h ) — A(ST 4 h Sien) (15)

Realizable and forecasted values of apparent power demand in a given bus
where A is the operator for calculating the surface under
Fig. 2. Fuzzy load repression the membership function of fuzzy parameter. The total load

The distributi work is desianed t tthe f tre ression in each year,rep,, is defined as the sum of the
€ distribution hetwork 15 desighed to meet the forecas I[tiplication of load repression in each load levelby its

values of Ioaq'si,t,h' during the planning ho_nzon. AS Itis durationT;, over all load buses of the system, as follows:
already explained, the DNO needs some diagnostic tools to
investigate if the ability of network in load supply is rolbus Nats Ny
against different uncertainties. In order to explain thadlo y

L . rep; = rep; X 16
repression index, two concepts are introduced, as follows: b Z Z Pit.h % Th (16)

. . . .. . h=1 i=1
The first concept is the maximum/minimum possible load '

.. . a,max / min . . . . .
due to prediction in eactu-cut, .5; ;) , Which are Tne total load repression in busover the evaluation period,
defined as follows: Brep;, is calculated as follows:

SEN" = Shhuse X DLEG x (1+9)" (13) .

a,max _ oD 7 % t dlf
Siﬁtvh_ = Sibase X DLE), x (1+7) Brep; = Z Z TePit.h X Th a7
St < S < ST t=1 h=1

It should be noted that the limits introduced in (13) are NGine total load repression of the distribution network oves t
calculated values. They are predicted by DNO for describiRguation period, Trep, is calculated as follows:
the behaviors of load in each bus.

The second concept is that, hypothetically, the magnitude T
of each load can take any value between the limits posed Trep = ZYv”ept (18)
by (13), in eacha-cut, 573" < 57, , < S?t’fff", but P}

because of some technical considerations like voltagetdimi

or thermal capacity of feeders/transformers as mentioned i 2) Active LossesThe total active losses in eachcut is

(10) and (11), the predicted limits may not be reachablgaiculated as the sum of all active losses in demand levels of
Whenever a load in a bus can not reach its predicted limitsgiich year, over the evaluation period.

is called repressed. The maximum/minimum load that can be

supplied due to technical constraints, are indicated’as, T Nas Ny

and Sy, ,,, respectively and depicted in Fig.2. A method was Pryss = Z Z Z pret oo, (19)
proposed in [15] for calculating the upper and lower bounds =1 he1 o1



For calculatingP,,.s, the a-cut concept introduced in sectionthe same membership functions but here, for simplicity, & no
Il is used as follows: symmetrical membership function is used for all buses of the
network, as follows: I = 0,

‘Pl%ss = (floss7pl¢‘)ss)
T Naif Ny dlfmaw = (1 + Udlf)’ dlfmzn = (1 —0.7x Udlf)
Plogs =maxy Y > Pl xm, Ina=1,
t=1 h=1 i=1
T Nas Ny dlfU = (1 + 0.5 % Udlf),dlfL = (1 —0.6 x Udlf)
«@ . °t, . . .
Lloss = mlnz Z ZP:Zha X Th where Ugyy is a factor for demonstrating the severity of
. o Eb ==l uncertainty, varying between zero and one.
subject to: The capacity of DG which might be installed in a given bus
(4) = (13) is not determined by DNO and he should have an estimation

about this value. In this paper, it is assumed that the buses
Which have the possibility of DG investment are identified
and the potential DG capacity which may be installed there
is predicted. This process is not necessarily precise and is
IV. SYSTEM STUDIES subject to uncertainties associated to the decisions obthe
investors. In the given network, there are three buses which

d its abilities. The is ade- Hre candidate for DG installation, namely bus 2, 3 and 9. The
systgm; to demonstrate its abilities. The |rst' case Is MSorecasted values of the DG capacities and their associated
distribution test system and the second one is a realisde 5

R ncertainties are given in Table. I.
nade distribution network. For example for DG#1, in « = 1, the lower bound of the
DG capacity is0.9 x 400 = 360kV A and the upper bound
A. Case-l is 1.05 x 400 = 420kV A. This means that the maximum

. . ._degree of belief of the planner is that the capacity of DG
The proposed method is applied on a 11-kV, 9-bus distijz haye a value between 360 and 420 kVA. dn= 0, the

bution network which is shown in Fig.3 [3]. This network iﬁower bound of DG capacity is still zero, this means that the

planner can not specify a minimum limit for the capacity of
DG that may be installed in the given bus and its upper bound
is 1.1 x 400 = 440kV A. This means the DG owner/investor
may decide not to invest in DG and the maximum value of
capacity which an investor may be interested (or able to) to
install in busi=2 is 440 kVA. The same concept holds for
the data specified for other DG units. The values,Qf, and

ez, in (8) are used to model the operational uncertainties of
investor-owned DG units. These values are highly dependent
on DG technology and decisions of DG owner for making

The mathematical formulation described in this section,
formulated under a GAMS environment [23].

[2]

—  Disibuton Line more profits. For Gas turbine DG units, DG owner tries to
B HVMSubstation produce electricity as much as possible. This means that DNO
e Loaspont expects these units to produce power near their capacity lim
In this paper,e; is considered to be 0.9 for Gas Turbine
Fig. 3. Distribution test system technology. On the other hand for CHP units, the DG operation

is more uncertain because DG owner has two options for
fed through a transformer witl§97i¢ = 40MV A and has 8 making benefits namely, selling power and heat. If DG owner
aggregated load points. The rate of load growthis consid- decides to produce heat then he will have to reduce its output
ered to be%. The technical characteristics of the network capower and vice-versa. For CHP units, is considered to be
be found in [3]. The evaluation period, T, is 5 years and the4. For both DG technologies,,;, is 0. In other words, the
minimum and maximum value of operating limits of voltagemaximum belief of DNO ¢ = 1) indicates that the DG owner
Vinin, Vmaz, are 0.95 and 1.05 pu, respectively. The loadill produce more thar; % of its rated capacity but it is not
duration curve is divided into four demand levels namelghhi guaranteed and he might produce less or even stop generating
normal, medium and minimum, where the forecasted valupewer which is less expected but possihie=t 0).
of them,DLF,{, are 1, 0.941, 0.866 and 0.686, respectively. The introduced indices are calculated and the effect of load
The duration of each load level,, is assumed to be 73, 2847 uncertainties on them are investigated.
2920, 2920 hours, respectively. The demand level factas ar 1) Calculating the technical indices tn order to clarify
described as fuzzy trapezoidal numbers as explained ifoeecthe application of load repression index, it is calculatdten
[1-A2. The specification of membership functions of demando uncertainty exists in demand level factdrg; ; = 0%. It is
level factors is done by DNO based on his prior experiencespected to obtaifi'rep = 0 because the distribution network
It is not necessary that all of the demand level factors haigdesigned for this purpose. The DNO may be interested to



TABLE |
PREDICTED VALUES OFDG CAPACITIES AND THEIR UNCERTAINTIES

Cases| DG # | DG Technology| Bus [ Cap® 7 [ ¢~ ¢% (b9 ¢i9
1 Gas Turbine 2 400 kVA 0 09 1.05 1.1
| 3 Gas Turbine 9 200 kVA 0.1 0.6 1.1 1.2
2 CHP 3 500 kVA 0 0 1.00 1.15
1 Gas Turbine 15 500 kVA 0 09 1.05 1.1
2 Gas Turbine 283 1 MVA 0.1 0.6 11 1.3
I 3 Gas Turbine 344 | 500 kVA 0 0.9 1.05 1.1
4 Gas Turbine 495 | 3.5 MVA 0.1 0.4 1.12 1.25
5 CHP 426 | 500 kVA 0 0.2 1.07 1.15
6 CHP 163 | 500 kVA 0 0.1 1.03 1.2
. . TABLE Il
know the answers of the following questions: how much therye Trep AND ACTIVE LOSSES UNDER DIFFERENT UNCERTAINTIES OF
current network is robust against load uncertainty?; wheh w DEMAND LEVEL FACTORS IN CASE-|

be the reinforcement actions required? The load repression .
indices are recalculated féf; ; = 5%. As it can be observed U;lf = Pf lgs(M gfll == (};jmj J{;‘;
in Tabk_a.ll, thgre is no load repression in t.he system in the g TS 7 i T Tesis T 50487 (1719g ( 0 )
evaluation period. This means the system will face no prable 5 10814.2 | 11639.7 | 20145.7 | 27713.2| 17764 0
even there i$5% uncertainty in demand. The second index 10 | 9846.9 | 10889.9 | 21523.7 | 30518.1| 18407 0
to _be calculated is th_e actives losses. This index is_ Cetmdll_a ;(5) gggg:é 19(2118752_'70 giigéj ggggg:g igégi 8
using (20) and the crisp value of total active losses is abthi 25 | 7292.7 | 8830.7 | 25864.9 | 37762.9| 20182 4.23
as 17764 MWh. Now the effect of demand uncertainty on 30 | 6548.9 | 8206.4 | 27336.3| 41939.0| 21329 | 10.68
the proposed indiges is. assessgd. The uncertainty of demanif) ggig:g ;gig:g %gggg:i jgggg:; gggg; gg:gi
level factors,Uy; ¢, is varied and its effect on the total yearly

load repressionY rep;, total load repression in the evaluation
period, Trep, and finally the total active loss is investighat
The yearly load repression;rep;, is calculated for different
Uaqiy and the variation of this parameter is given in Table.ll.
The values olv'rep, in Table.ll show that the network supplies
its loads when there is no uncertainty in the predicted wlue
of load Uqy = 0%). When the uncertainty increases the
load repression occurs in the system. The first load remessi
occures in yeat=5, and Uz = 25%). With the increase
of demand uncertainty, the load repression index shows an TABLE IV

ascending pattern. The limits of fuzzy loss variation, the THE TREP AND ACTIVE LOSSES IN MULTIDG SCENARIO IN CASE-|

in Table. IV.When DG units are in bus 5 and 7, the load
repression is the same as the case when they are installed
in bus 4,6 equal to 1412.1 MWh. The values of active
losses are different in these two cases. The load repression
can be reduced more if the DG units are installed in bus
3,8. With three DG units in 4,8,3 buses the load repression
can be eliminated completely.

crisp values of active losses and total load repressionhi®r t —gus T Total DG capacity| Trep (MWh) | Crisp Loss (MWh)
given configuration of the network are calculated for difer 5,9 2 1407.80 28999
demand level uncertainties are given in Table. IlI. 57 2 1412.10 29044
4,6 2 1412.10 29987
TABLE Il 7,9 2 1407.80 29086
THE YEARLY LOAD REPRESSION UNDER DIFFERENT UNCERTAINTIES OF g’g g g%i? ggggg
DEMAND LEVEL FACTORS IN CASE-| 3:6 2 727 29606
23 2 4.27 29803
Uat s Yrep (MWh) 38 2 3.00 20539
% t=1[t=2[t=3]t=4]t=5 ’ :
2,98 3 30.3 29049
0520 0 0 0 0 0
48,3 3 0 28675
25 0 0 0 0 4.23
3,9,5 3 0 27755
30 0 0 0 0 | 1oes 34,98 4 0 27556
35 0 0 0 6.88 | 21.82 29,
40 0 114 | 7.25 | 17.90 | 60.63
o “Single DG” scenario: In this scenario, just one DG is
2) DG penetration level impact investigationn this sec- installed in different nodes of the distribution network.
tion the impact of DG penetration level on crisp active lesse  The capacity of each unit is gradually increased from 0 to
and total load repression is analyzed. In this case, it israsd 8 MW. The variation of active losses and load repression
that the demand uncertainty (&, ; = 30%. Two different DG are depicted in Fig.4. Initially, the active losses gratjual
scenarios were created and assessed, as follows: decreases with the increase of DG capacity and after a

o “Multi DGs” scenario: In this scenario, more than one DG certain value of DG capacity it starts to increase. The
exist in the distribution network. The capacity of each DG  impact of DG capacity on Trep is shown in Fig.5. As it
unit is assumed to be equal to 1 MW. Different number can be seen in Fig.5, the existence of DG units in some
of DG units are connected to the network and the crisp buses highly affects (reduces) the load repression (like
values of active losses and total load repression are given bus 2,3), while the presence of DG units in some buses



#2 because it hatheleast worst Trep and crisp value of active

losses.
= TABLE V
§ THE MAXIMUM TREP AND ACTIVE LOSSES FOR EXPANSION PLANS UNDER
g VARIOUS UNCERTAINTIES IN CASE-|
; Expansion Added circuit max P¥ | maxTrep | Cost
3 plan # (Mwh) (MWh) (M$)
5 1 ny_, 18630.80 51.01 | 2.40
3 2 nf o.ni ,nf, | 16422.87 6.43 5.40
g 3 ng_,ni g,ng o | 2220241 47.70 5.85
S 4 nl, 18872.89 54.42 1.50
5 nf_gni, 18399.20 72.72 2.70
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 6 n 5nl g 17987.59 78.73 4.35

DG capacity (MW)
In this paper, the calculated indices are treated in a multi-
Fig. 4. The DG penetration level impact on active losses iglsiDG  attribute way but an alternative method for selecting thesm
scenario-Case | promising” plan would be to translate the load repressiah an
losses into cost values and then choosing the least cost plan
(like 4,5,6,7 ) has no impact on load repression index. It iTShis is valid just when _the entity who pays for the i_nvestment
because of the topology of the network that the installecé)St’ also pays for active losses and load repressions.
capacity of DG units can not help to reduce the load

repression. B. Case II: A real 574-bus urban network
The second case is a 20-kV, 574-node distribution system,
a1 depicted in Fig.6, which is extracted from a real French arba
11z oo | network. This system has 573 sections with total length of
ool]l o -- bus 3 14115 'i" T Eﬁzg 52.188km, and 180 load points. This network is fed through
bus4.56.7 1411 fun : one substation. These data have been extracted from reports
1000y 1410511 Electricite de France (EDF) [24] and more details can be found
£ a0 110 !"| in [25]. All DG units are assumed to operate with constant
=5 1 power factor equal to 0.9 lag. The forecasted values of the
§ 600 1 1409571 DG capacities and their associated uncertainties are given
: 100} 1 Table. I. The other simulation data is the same as case |.
400 f !
vV 1) Calculating the technical indicesFor the given network
1408.5f- . A g ) i _ g
200 | v configuration, the introduced indices are calculated devist
v 1
108y L L The yearly load repression, i.&rep,, is calculated under
0 o T, 5 14075, Y T different uncertainties of demand level factors and theltes
DG capacity (MW) DG capacity (MW) are given in Table. VII. The limits of fuzzy loss variatiofnet
Fig. 5. The DG penetration level impact on load repressionirigls DG TABLE VI
scenario-Case | THE TREP AND ACTIVE LOSSES UNDER DIFFERENT UNCERTAINTIES OF

DEMAND LEVEL FACTORS IN CASE-I|

It is clear from the analysis that not only the size of DG unitUdl

. : f Pross (MW h) _ (Pross)* Trep
affects the active losses and total load repression butth&so o | pa=0"T pa=1 T 5T [ Br | (Mwh) | (Mwh)
location of DG units plays an important role. 0 7348.0 | 7595.6 | 8331.0 | 8585.2 | 7965.1 0.0

3) Planning application:The DNO can find some expan- > | 7554.3 | 8041.0 | 8688.1 | 88950 | 8286.4 | 0.0

. R . - 10 | 8182.2 | 8879.8 | 9761.7 | 10429.1| 9312.1 4.0
sion plans using different techniques. The proposed isdie@ 15 | 87937 | 8967.9 | 9457.3 | 10248.1| 93923 53

help him to choose the best expansion plan which is robust20 | 9044.1 | 9926.9 | 10619.6 | 10681.7 | 10040.0 7.6
against different uncertainties. In this study, 6 expamgilans 2> | 9742.7 | 9788.8 | 9899.3 | 9937.1 | 98420 | 94

: s ) . 10470.8 | 11253.4| 11967.6 | 12547.6| 11552.0 | 11.8
have been identified using the method proposed in [5], con-35 | 105798 | 112843 | 12403.1 | 12469.7| 116710 | 166
sidering two objective functions (minimizing active lossnd 40 | 10703.2| 11213.0| 11748.5| 11881.5| 11375.0 | 20.9

total costs). These plans are evaluated for different taicey
demand leveld/y; = 0 — 40%. The maximum values of crisp values of active losses and total load repressionhier t
P and Trep are calculated and given in Table.V. Thiggiven configuration of the network are calculated for difer
can be used to quantify the robustness of each plan agaitstnand level uncertainties are given in Table. VI.
uncertainties. For example the plg# has the least cost but  2) Planning application: In this case, the DNO has 5
the maximm Trep under different values Gf;; = 0 — 40% expansion plans which are described in Table. VIII. The obst
is 54.42 MWh andP; ., =18872.89 MWh. If the DNO seeks each plan, the maximum active losses and total load repressi
for the most robust expansion plan he should choose the plarder different demand level uncertainties are given inelab




TABLE VI
THE YEARLY LOAD REPRESSION UNDER DIFFERENT UNCERTAINTIES OF
DEMAND LEVEL FACTORS IN CASE-I

Uary Yrepi(MWHh)
% t=1[t=2t=3[t=4]t=5

0—5 0 0 0 0 0
10 0 0 1.15 1.33 1.56
15 0.20 0.21 1.19 1.37 2.35
20 0.24 0.32 1.58 2.19 3.28
25 0.27 0.46 1.68 3.15 3.87
30 0.40 0.52 2.51 4.35 4.04
35 0.46 0.64 3.56 6.54 5.39
40 0.54 0.87 3.76 7.78 7.95

VIIl. The most robust expansion plan is #3 because it has tH

described using a probability distribution function. This
ability, make it possible to design strategies that satisfy
the requirements of the regulatory bodies and the real
concerns of the DNOs.

V. CONCLUSION

This paper proposes a new possibilistic framework for
evaluating the effects of DG units on distribution netwoek-p
formance. The model considers possibilistic modeling ef th
uncertainties associated to loads and decisions of DGtiorges
including their installed capacity and operating scheduites
goposed technical indices demonstrate the ability of theng

least total repression and also the least crisp value ofeactfliStribution network in load supply and also its efficiendy a

loss among all other plans.

presence of DG units. The new evaluation method is applied
on two different distribution systesnand its performance is
investigatedThe proposed model is useful for basic engineer-
ing design and as a diagnostic tool for DNOs in evaluating
their decisions in network reinforcement or reconfiguratod
distribution network at presence of uncertainties assedito

DG units and load value3he future work will be focused on
modeling the mixed fuzzy and stochastic uncertainties @& th
proposed framework.
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Fig. 6. The geographical view of a real 574-bus urban netvirsase-II [1]
The scope of this study has been limited to the uncertainties
which are inherently possibilistic. It is of interest to kmo |,
how it can be modified to investigate the impact of renewable
energy resources (with probabilistic description) of rilist
bution network performance. In [26], a mixed possibilistic [3]
probabilistic method is proposed to deal with active losaes
presence of both renewable and non-renewable DG technolo-
gies. It can also be applied to model the impact of renewab
DG technologies on load repression ind&ke contributions
of the proposed evaluation method can be summarized &
follows:

o The information gathered in the process (hamely the loam)
repression and active losses) is useful for regulators and
DNOs and can be used to support the analysis of different
expansion plans and also as an economical or technical
signal to encourage or penalize DG investment in a given
bus or DG technology or even size or operating schedulg,
of the DG units.

o The mathematical formulation allows to define the load
repression as an objective function to be minimized iqg]
robust distribution planning procedure.

o It is specially helpful in situation where there is noélo]
enough historic measured data about the uncertain pa-

rameters or the uncertainty of the parameters can not

comments and relevant observations.
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