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Possibilistic Evaluation of Distributed Generations
Impacts on Distribution Networks

Alireza Soroudi, Mehdi Ehsan , Raphael Caire,Member, IEEEand Nouredine Hadjsaid,Senior, 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 proposes
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
model is applied on a test system and also a real French urban
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. I NTRODUCTION

The Distributed Generation (DG), defined as generation
plants connected to distribution system, has been given a
great deal of attention inthe last decade. The technological
development, necessities of emission reduction [1], secur-
ing the energy supply, flexibility of investment [2], active
loss reduction [3], investment deferral [4], [5] and reliability
improvement has made DG units an interesting option to
meet the load growth. The analysis and quantification of DG
effects on distribution networks is of great importance. The
proposed models of the literature for quantification of these
effects can be widely divided into two frameworks: centrally
controlled investment and investment under unbundling rules
[6]. In centrally controlled investment, Distribution Network
Operator (DNO) is responsible for DG investment in distri-
bution network. In these models, the optimal investment and
operating of DG units is calculated and run by DNO [3],
[7]. In contrast with centrally controlled investment, theDG
investment under unbundling rules is not the duty of DNO
and he is just responsible for maintaining the fair access
and efficiency of distribution network. In this context, DG
investment is done by private sector based on its own interests.
In liberalized electricity markets, DG-owners are given some
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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 constraints and
also their own interests and are not exactly what DNO desires.
Although the production forecasts are traditionally required
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 highly
dependent on DG technology and decisions of DG-operators.
The DG technologies can be widely categorized into renewable
and non-renewable technologies.

In renewable DG technologies, the uncertainties show
stochastic behavior because of random nature of their primary
source of energy. In [8], an efficient probabilistic load flow
method is proposed to take account the distribution system
operation uncertainties including daily time varying load,
stochastic DG power production, network configuration, and
voltage control devices operation. In [9], a probabilisticpower
flow is proposed to deal with the interdependent uncertainties
of wind generation, loads and generation availability. In [10],
a stochastic model of wind generation is proposed to allow the
coordination of wind and thermal power in an OPF dispatching
program. A method based on time series is proposed in [11],
[12] to examine the opportunities and challenges offered by
renewable power generation in non-firm connection. The time-
series steady-state analysis proposed in [13], assesses technical
issues such as energy export, losses, and short-circuit levels
due to high penetration of renewable energy resources on the
distribution network.

In non-renewable DG technologies, normally, DG operators
tend to maximize energy production. Consequently, if possible,
they will operate at nominal or near nominal capacity but this
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 Carlo
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 other words,
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if the DG technology is non-stochastic but uncertain (such as
gas turbine or CHP), the output of these technologies depends
on investment/operating decisions of their owner/operators.
How should DNO model and evaluate these non-stochastic
uncertainties?

This paper tries to answer the last question with proposing
a diagnostic model for evaluating the effect of non-stochastic
uncertainties of DG units on distribution network performance.
The focus is on two indices, namely active power losses
and load repression [15] which is an index demonstrating
the ability of distribution network in load supplying. The
uncertainties of installed capacity, the operating schedule of
them and also load behaviors are taken into account. A fuzzy
model based on extension principle (α-cut method) [16] is
used to deal with the aforementioned uncertainties.

The rest of this paper is structured as follows: Section
II presents the method used for modeling and dealing with
uncertainties. The problem formulation is described in Section
III. The proposed model is applied on two distribution net-
works and the simulation results are presented and discussed
in Section IV. Finally, conclusions are drawn in Section V.

II. U NCERTAINTY MODELING

The DNO needs computational tools for evaluating electric
distribution systems which consider uncertainties of input pa-
rameters. There are two well-known frameworks for quantify-
ing the lack of knowledge, namely probabilistic and possibilis-
tic uncertainty modeling [17]. The probabilistic frameworks
deal with the uncertain events which follow a Probability Dis-
tribution Function (PDF), Monte Carlo Simulation (MCS) [18]
is a method frequently used in these models. However, there
are some situations in which there is not much information
about the PDF of uncertain parameters or these are inherently
not repeatable so the probabilistic methods like MCS can not
be used to deal with them. In possibilistic frameworks, for each
uncertain value,̃A, a membership function,µA(x), is defined
which describes that how much each elementx, of universe
of discourse (the universe of all available information about
the uncertain parameter [19] or simply the set of all values
that x can take [20]),U , belongs toÃ. Different types of
membership functions can be used for describing the uncertain
values. Here, fuzzy trapezoidal numbers (FTN) [21] with a
notationÃ = (amin, aL, aU , amax) are used as shown in Fig.1.
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Fig. 1. Fuzzy Trapezoidal Number

A. α-cut method

In engineering problems, the evaluation of a certain quantity
is usually in the form of a multi-variable function namely,
y = f(x1, . . . , xn), if x̃i are uncertain then y will be also
uncertain,ỹ = f(x̃1, . . . , x̃n). The question is that, knowing
the membership functions of uncertain input variablesx̃i, what
would be the membership function of̃y? Theα-cut method
[16] answers this question in this way:
For a given fuzzy setÃ, defined on universe of discourse,
U , the crisp setAα is defined as all elements ofU which
have membership degree tõA, greater than or equal toα, as
calculated in (1).

Aα = {x ∈ U | µA(x) ≥ α} (1)

Aα = (Aα, A
α
)

Theα-cut of each input variable,xα
i , is calculated using (1),

then theα-cut of y, yα is calculated as follows:

yα = (yα, yα) (2)

yα = min f(xα
1
, . . . , xα

n)

yα = max f(xα
1
, . . . , xα

n)

This means for eachα-cut, two optimization is done. One
maximization to obtainyα which is the upper bound ofyα,
and one minimization for obtaining theyα, the lower bound
of yα.

B. Defuzzification

The defuzzification is a mathematical process for converting
a fuzzy number into a crisp one [22]. In this paper, the centroid
method [19] is used for defuzzification of fuzzy numbers. The
deffuzzified value of a given fuzzy quantity,̃A, is calculated
as follows:

A∗ =

∫
µA(x).xdx∫
µA(x)dx

(3)

III. PROBLEM FORMULATION

The assumptions, constraints and the evaluation indices are
described as follows:

A. Assumptions

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

P̃
dg
i,t,h = cosϕdg × S̃

dg
i,t,h (4)

Q̃
dg
i,t,h = sinϕdg × S̃

dg
i,t,h

whereS̃dg
i,t,h, P̃ dg

i,t,h andQ̃dg
i,t,h denote the apparent, active and

reactive fuzzy power generated by DG unit in busi, demand
level h and yeart, respectively.
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2) Uncertainty Modeling:The three main sources of un-
certainties considered in this paper are electric loads, installed
capacity of DG units and their operating schedule. The expla-
nation of each parameter is described as follows:

• Fuzzy load: The load variation curve over each year is
modeled using multiplication of three parameters. The
first one is the base load,SD

i,base, in the first year
of the evaluation period and each year is divided into
Ndlf demand levels. A Demand Level Factor,DLF

f
h , is

assigned to each demand level which is the forecasted
value of “load to peak ratio” varying between 0 and 1.
The duration of demand levelh is denoted byτh. The
uncertainty ofDLF

f
h is modeled using FTN, described

as follows:

˜DLFh = (dlfmin, dlfL, dlfU , dlfmax)×DLF
f
h (5)

Assuming a demand growth rate,γ, the demand in bus
i, in demand levelh and yeart is calculated as follows:

P̃D
i,t,h = PD

i,base ×
˜DLFh × (1 + γ)t (6)

Q̃D
i,t,h = QD

i,base × ˜DLFh × (1 + γ)t

S̃D
i,t,h = P̃D

i,t,h + jQ̃D
i,t,h

SD
i,base = PD

i,base + jQD
i,base

where S̃D
i,t,h , P̃D

i,t,h and Q̃D
i,t,h are the apparent, active

and reactive fuzzy power demand in busi, demand level
h and yeart; SD

i,t,h , PD
i,t,h andQD

i,t,h are the predicted
values of apparent, active and reactive power demand in
bus i, demand levelh and yeart.

• Fuzzy installed capacity :In deregulated environment, the
DNO is not responsible for investment in DG units and
private sector will invest in the network based on its own
interests. The DNO can only analyze the network and
identify the interests of DG investors and predict their
actions. These facts imply that the capacity of DG units in
each bus is not a certain value. In this paper, the installed
capacity of DG units are modeled as a FTN, namelyζ̃

dg
i ,

as follows:

ς̃
dg
i = (ζdg

min
, ζ

dg
L , ζ

dg
U , ζdg

max
)× Cap

dg,f
i (7)

where Cap
dg,f
i denotes the forecasted value of DG

capacity to be installed in busi.
• Fuzzy DG generation:The generation schedules of DG

units are determined by DG owners and are not centrally
controlled by DNO. In this paper, the apparent power of
DG units are modeled as a FTN, namelyS̃

dg
i , as follows:

S̃
dg
i,t,h = (ǫmin × ς̃

dg
i , ǫL × ς̃

dg
i , ς̃

dg
i , ς̃

dg
i ) (8)

Although the capacity of installed DG in a given bus,
ς̃
dg
i , is uncertain but the DG generation,S̃dg

i,t,h, can not
exceed the installed capacity of DG unit in anyα-cut.
The minimum generated power of DG unit is highly
dependent on the decision of its owner and technical
characteristics of DG. Inα = 1, the percentage of̃ςdgi
which may DG decrease its generated power is specified
by ǫL and inα = 0, this is done usingǫmin.

B. Constraints

1) Power flow equations:The power flow equations which
must be satisfied for eachα-cut, in demand levelh and year
t, are as follows:

P̃net
i,t,h = −P̃D

i,t,h + P̃
dg
i,t,h (9)

Q̃net
i,t,h = −Q̃D

i,t,h + Q̃
dg
i,t,h

P̃net
i,t,h = Ṽi,t,h

∑
Yij Ṽj,t,h × cos(δ̃i,t,h − δ̃j,t,h − θij)

Q̃net
i,t,h = Ṽi,t,h

∑
Yij Ṽj,t,h × sin(δ̃i,t,h − δ̃j,t,h − θij)

whereP̃net
i,t,h and Q̃net

i,t,h are the net active and reactive power
injected to the network in busi, in demand levelh and year
t, respectively.

2) Voltage limits: The magnitude of voltage in each busi
in demand levelh and yeart should be kept between the safe
operating limits.

Vmin ≤ Ṽi,t,h ≤ Vmax (10)

whereVmin and Vmax are the minimum and maximum safe
operating limits of voltage, respectively.

3) Thermal limits of feeders and substation:To maintain
the security of the feeders and substations, the flow of cur-
rent/energy passing through them should be kept below their
thermal limit, Iℓ

max
/Sgrid

max, as follows:

Ĩℓ,t,h ≤ Iℓ
max

(11)

S̃
grid
t,h ≤ Sgrid

max

where Ĩℓ,t,h is the fuzzy current magnitude of feederℓ in
demand levelh and yeart; S̃grid

t,h is the fuzzy apparent power
passing through substation’s transformer in demand levelh

and yeart.

C. Distribution network impact indices

As already explained, in investment under unbundling rules,
the responsibility of DNO is maintaining the efficiency and
fair access in distribution network. The total active loss of the
network is a good measure of efficiency in a distribution net-
work. The economic impact of loss reduction on DNO benefits
highly depends on regulatory framework. In some models of
the literature, like UK, an incentive-based mechanism exists
which encourages the DNOs to reduce their active losses
below a given target level [6]. A load repression factor [15]is
used in this paper as a measure of fair access and ability of the
given network in load supplying which will be explained later.
The proposed model calculates the introduced two indices
namely, load repression and active losses, as follows:

1) Load Repression:The distribution networks are de-
signed for forecasted values of loads. The DNOs need some
evaluation tools to determine the robustness of distribution
network in load supply against different uncertainties. These
uncertainties include investment/operating of DG units and
also forecasted values of loads in the network. The load
repression index introduced in [15], is used to identify the
difference between the possible (predicted) values of load
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and what can be supplied in each bus. If these two values
are different in a bus, its load is repressed. First of all, the
differences between two important concepts are explained and
then their application will be demonstrated. The predicted
value of load in busi is obtained by multiplication of three
parameters namely, base value of load in busi , SD

i,base,
forecasted value of demand level factor in demand levelh,
DLF

f
h , and load growth factor until yeart, (1 + γ)t. The

forecasted value of load is shown in Fig.2 and calculated as
follows:

S
f
i,t,h = SD

i,base ×DLF
f
h × (1 + γ)t (12)
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Fig. 2. Fuzzy load repression

The distribution network is designed to meet the forecasted
values of load,Sf

i,t,h, during the planning horizon. As it is
already explained, the DNO needs some diagnostic tools to
investigate if the ability of network in load supply is robust
against different uncertainties. In order to explain the load
repression index, two concepts are introduced, as follows:

The first concept is the maximum/minimum possible load
due to prediction in eachα-cut, S

α,max /min

i,t,h , which are
defined as follows:

S
α,min

i,t,h = SD
i,base ×DLFα

h × (1 + γ)t (13)

S
α,max

i,t,h = SD
i,base ×DLF

α

h × (1 + γ)t

S
α,min

i,t,h ≤ Sα
i,t,h ≤ S

α,max

i,t,h

It should be noted that the limits introduced in (13) are not
calculated values. They are predicted by DNO for describing
the behaviors of load in each bus.

The second concept is that, hypothetically, the magnitude
of each load can take any value between the limits posed
by (13), in eachα-cut, S

α,min

i,t,h ≤ Sα
i,t,h ≤ S

α,max

i,t,h , but
because of some technical considerations like voltage limits
or thermal capacity of feeders/transformers as mentioned in
(10) and (11), the predicted limits may not be reachable.
Whenever a load in a bus can not reach its predicted limits, it
is called repressed. The maximum/minimum load that can be
supplied due to technical constraints, are indicated asS

α

i,t,h

andSα
i,t,h, respectively and depicted in Fig.2. A method was

proposed in [15] for calculating the upper and lower bounds

of active/reactive values of loads in each bus. In this paper, it
is modified as follows: first, for calculating the upper boundof
load in a givenα-cut, in addition to the constraints considered
in [15], voltage limits are also considered in calculations.
The second issue is that when the uncertainty of a load is
concerned, it is mainly toward its magnitude not its power
factor. This implies that if the calculation of the active and
reactive values of load is done independently then the loads
can have any power factor which is not realistic. In this paper,
it is assumed that the only uncertain value of the load in each
bus is the magnitude of it. The DNO checks the maximum
and minimum load in busi, S

α

i,t,h, S
α
i,t,h , which distribution

network is able to supply in each demand level, as follows:

Sα
i,t,h = minSα

i,t,h (14)

S
α

i,t,h = maxSα
i,t,h

Subject to:(4) → (13)

The load repression index in demand levelh and yeart,
repi,t,h, is 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:

repi,t,h = ∆(Sα,min

i,t,h , S
α,max

i,t,h )−∆(Sα
i,t,h, S

α

i,t,h) (15)

where ∆ is the operator for calculating the surface under
the membership function of fuzzy parameter. The total load
repression in each year,Y rept, is defined as the sum of the
multiplication of load repression in each load levelh by its
durationτh over all load buses of the system, as follows:

Y rept =

Ndlf∑

h=1

Nb∑

i=1

repi,t,h × τh (16)

The total load repression in busi over the evaluation period,
Brepi, is calculated as follows:

Brepi =

T∑

t=1

Ndlf∑

h=1

repi,t,h × τh (17)

The total load repression of the distribution network over the
evaluation period, Trep, is calculated as follows:

Trep =

T∑

t=1

Y rept (18)

2) Active Losses:The total active losses in eachα-cut is
calculated as the sum of all active losses in demand levels of
each year, over the evaluation period.

P̃loss =
T∑

t=1

Ndlf∑

h=1

Nb∑

i=1

P̃net
i,t,h × τh (19)
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For calculatingP̃loss, theα-cut concept introduced in section
II is used as follows:

Pα
loss = (Pα

loss, P
α

loss) (20)

P
α

loss = max
T∑

t=1

Ndlf∑

h=1

Nb∑

i=1

P
net,α
i,t,h × τh

Pα
loss = min

T∑

t=1

Ndlf∑

h=1

Nb∑

i=1

P
net,α
i,t,h × τh

subject to:

(4) → (13)

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

IV. SYSTEM STUDIES

The proposed methodology is applied to two distribution
systems to demonstrate its abilities. The first case is a 9-node
distribution test system and the second one is a realistic 574-
node distribution network.

A. Case-I

The proposed method is applied on a 11-kV, 9-bus distri-
bution network which is shown in Fig.3 [3]. This network is

Fig. 3. Distribution test system

fed through a transformer withSgrid
max = 40MVA and has 8

aggregated load points. The rate of load growth,γ, is consid-
ered to be2%. The technical characteristics of the network can
be found in [3]. The evaluation period, T, is 5 years and the
minimum and maximum value of operating limits of voltage,
Vmin, Vmax, are 0.95 and 1.05 pu, respectively. The load
duration curve is divided into four demand levels namely, high,
normal, medium and minimum, where the forecasted values
of them,DLF

f
h , are 1, 0.941, 0.866 and 0.686, respectively.

The duration of each load level,τh, is assumed to be 73, 2847,
2920, 2920 hours, respectively. The demand level factors are
described as fuzzy trapezoidal numbers as explained in section
III-A2. The specification of membership functions of demand
level factors is done by DNO based on his prior experiences.
It is not necessary that all of the demand level factors have

the same membership functions but here, for simplicity, a non-
symmetrical membership function is used for all buses of the
network, as follows: Inα = 0,

dlfmax = (1 + Udlf ), dlfmin = (1− 0.7× Udlf )

In α = 1,

dlfU = (1 + 0.5× Udlf ), dlfL = (1− 0.6× Udlf )

where Udlf is a factor for demonstrating the severity of
uncertainty, varying between zero and one.

The capacity of DG which might be installed in a given bus
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
subject to uncertainties associated to the decisions of theDG
investors. In the given network, there are three buses which
are candidate for DG installation, namely bus 2, 3 and 9. The
forecasted values of the DG capacities and their associated
uncertainties are given in Table. I.

For example for DG#1, in α = 1, the lower bound of the
DG capacity is0.9 × 400 = 360kV A and the upper bound
is 1.05 × 400 = 420kV A. This means that the maximum
degree of belief of the planner is that the capacity of DG
will have a value between 360 and 420 kVA. Inα = 0, the
lower 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 × 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 bus i=2 is 440 kVA. The same concept holds for
the data specified for other DG units. The values ofǫmin and
ǫL 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
more profits. For Gas turbine DG units, DG owner tries to
produce electricity as much as possible. This means that DNO
expects these units to produce power near their capacity limit.
In this paper,ǫL is considered to be 0.9 for Gas Turbine
technology. On the other hand for CHP units, the DG operation
is more uncertain because DG owner has two options for
making benefits namely, selling power and heat. If DG owner
decides to produce heat then he will have to reduce its output
power and vice-versa. For CHP units,ǫL is considered to be
0.4. For both DG technologies,ǫmin is 0. In other words, the
maximum belief of DNO (α = 1) indicates that the DG owner
will produce more thanǫL % of its rated capacity but it is not
guaranteed and he might produce less or even stop generating
power which is less expected but possible (α = 0).

The introduced indices are calculated and the effect of load
uncertainties on them are investigated.

1) Calculating the technical indices :In order to clarify
the application of load repression index, it is calculated when
no uncertainty exists in demand level factors,Udlf = 0%. It is
expected to obtainTrep = 0 because the distribution network
is designed for this purpose. The DNO may be interested to
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TABLE I
PREDICTED VALUES OFDG CAPACITIES AND THEIR UNCERTAINTIES

Cases DG # DG Technology Bus Cap
dg,f
i

ζ
dg

min
ζ
dg

L
ζ
dg

U
ζ
dg
max

I
1 Gas Turbine 2 400 kVA 0 0.9 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

II

1 Gas Turbine 15 500 kVA 0 0.9 1.05 1.1
2 Gas Turbine 283 1 MVA 0.1 0.6 1.1 1.3
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

know the answers of the following questions: how much the
current network is robust against load uncertainty?; when will
be the reinforcement actions required? The load repression
indices are recalculated forUdlf = 5%. As it can be observed
in Table.II, there is no load repression in the system in the
evaluation period. This means the system will face no problem
even there is5% uncertainty in demand. The second index
to be calculated is the actives losses. This index is calculated
using (20) and the crisp value of total active losses is obtained
as 17764 MWh. Now the effect of demand uncertainty on
the proposed indices is assessed. The uncertainty of demand
level factors,Udlf , is varied and its effect on the total yearly
load repression,Y rept, total load repression in the evaluation
period, Trep, and finally the total active loss is investigated.
The yearly load repression,Y rept, is calculated for different
Udlf and the variation of this parameter is given in Table.II.
The values ofY rept in Table.II show that the network supplies
its loads when there is no uncertainty in the predicted values
of load (Udlf = 0%). When the uncertainty increases the
load repression occurs in the system. The first load repression
occures in yeart=5, and (Udlf = 25%). With the increase
of demand uncertainty, the load repression index shows an
ascending pattern. The limits of fuzzy loss variation, the
crisp values of active losses and total load repression for the
given configuration of the network are calculated for different
demand level uncertainties are given in Table. III.

TABLE II
THE YEARLY LOAD REPRESSION UNDER DIFFERENT UNCERTAINTIES OF

DEMAND LEVEL FACTORS IN CASE-I

Udlf Y rept(MWh)
% t = 1 t = 2 t = 3 t = 4 t = 5

0 → 20 0 0 0 0 0
25 0 0 0 0 4.23
30 0 0 0 0 10.68
35 0 0 0 6.88 21.82
40 0 1.14 7.25 17.90 60.63

2) DG penetration level impact investigation: In this sec-
tion the impact of DG penetration level on crisp active losses
and total load repression is analyzed. In this case, it is assumed
that the demand uncertainty isUdlf = 30%. Two different DG
scenarios were created and assessed, as follows:

• “Multi DGs” scenario: In this scenario, more than one DG
exist in the distribution network. The capacity of each DG
unit is assumed to be equal to 1 MW. Different number
of DG units are connected to the network and the crisp
values of active losses and total load repression are given

TABLE III
THE TREP AND ACTIVE LOSSES UNDER DIFFERENT UNCERTAINTIES OF

DEMAND LEVEL FACTORS IN CASE-I

Udlf P̃loss(MWh) (P̃loss)
∗ Trep

% Pα=0
loss

Pα=1
loss

P
α=1

loss P
α=0

loss (MWh) (MWh)
0 11842.7 12421.4 18817.1 25048.7 17196 0
5 10814.2 11639.7 20145.7 27713.2 17764 0
10 9846.9 10889.9 21523.7 30518.1 18407 0
15 8939.1 10172.0 22951.1 33379.7 19101 0
20 8088.6 9485.7 24406.1 36269.0 19831 0
25 7292.7 8830.7 25864.9 37762.9 20182 4.23
30 6548.9 8206.4 27336.3 41939.0 21329 10.68
35 5856.0 7612.0 28804.1 44585.7 22057 28.71
40 5213.3 7046.8 30269.1 46968.9 22728 86.91

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.

TABLE IV
THE TREP AND ACTIVE LOSSES IN MULTIDG SCENARIO IN CASE-I

Bus Total DG capacity Trep (MWh) Crisp Loss (MWh)
5,9 2 1407.80 28999
5,7 2 1412.10 29044
4,6 2 1412.10 29987
7,9 2 1407.80 29086
2,6 2 41.38 30265
2,9 2 37.11 29748
3,6 2 7.27 29606
2,3 2 4.27 29803
3,8 2 3.00 29539

2,9,8 3 30.3 29049
4,8,3 3 0 28675
3,9,5 3 0 27755

3,4,9,8 4 0 27556

• “Single DG” scenario: In this scenario, just one DG is
installed in different nodes of the distribution network.
The capacity of each unit is gradually increased from 0 to
8 MW. The variation of active losses and load repression
are depicted in Fig.4. Initially, the active losses gradually
decreases with the increase of DG capacity and after a
certain value of DG capacity it starts to increase. The
impact of DG capacity on Trep is shown in Fig.5. As it
can be seen in Fig.5, the existence of DG units in some
buses highly affects (reduces) the load repression (like
bus 2,3), while the presence of DG units in some buses
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Fig. 4. The DG penetration level impact on active losses in single DG
scenario-Case I

(like 4,5,6,7 ) has no impact on load repression index. It is
because of the topology of the network that the installed
capacity of DG units can not help to reduce the load
repression.
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Fig. 5. The DG penetration level impact on load repression in single DG
scenario-Case I

It is clear from the analysis that not only the size of DG unit
affects the active losses and total load repression but alsothe
location of DG units plays an important role.

3) Planning application:The DNO can find some expan-
sion plans using different techniques. The proposed indices can
help him to choose the best expansion plan which is robust
against different uncertainties. In this study, 6 expansion plans
have been identified using the method proposed in [5], con-
sidering two objective functions (minimizing active losses and
total costs). These plans are evaluated for different uncertainty
demand levelsUdlf = 0 → 40%. The maximum values of
P̃ ∗

loss and Trep are calculated and given in Table.V. This
can be used to quantify the robustness of each plan against
uncertainties. For example the plan#4 has the least cost but
the maximm Trep under different values ofUdlf = 0 → 40%
is 54.42 MWh andP̃ ∗

loss =18872.89 MWh. If the DNO seeks
for the most robust expansion plan he should choose the plan

#2 because it hastheleast worst Trep and crisp value of active
losses.

TABLE V
THE MAXIMUM TREP AND ACTIVE LOSSES FOR EXPANSION PLANS UNDER

VARIOUS UNCERTAINTIES IN CASE-I

Expansion Added circuit max P̃ ∗

loss
maxTrep Cost

plan # (MWh) (MWh) (M$)
1 n+

2−3
18630.80 51.01 2.40

2 n+

4−5
, n+

1−2
, n+

1−4
16422.87 6.43 5.40

3 n+

6−7
, n+

1−8
, n+

8−9
22202.41 47.70 5.85

4 n+

1−4
18872.89 54.42 1.50

5 n+

1−6
, n+

1−2
18399.20 72.72 2.70

6 n+

4−5
, n+

1−8
17987.59 78.73 4.35

In this paper, the calculated indices are treated in a multi-
attribute way but an alternative method for selecting the “most
promising” plan would be to translate the load repression and
losses into cost values and then choosing the least cost plan.
This is valid just when the entity who pays for the investment
cost, also pays for active losses and load repressions.

B. Case II: A real 574-bus urban network

The second case is a 20-kV, 574-node distribution system,
depicted in Fig.6, which is extracted from a real French urban
network. This system has 573 sections with total length of
52.188km, and 180 load points. This network is fed through
one substation. These data have been extracted from reportsof
Electricit̀e de France (EDF) [24] and more details can be found
in [25]. All DG units are assumed to operate with constant
power factor equal to 0.9 lag. The forecasted values of the
DG capacities and their associated uncertainties are givenin
Table. I. The other simulation data is the same as case I.

1) Calculating the technical indices :For the given network
configuration, the introduced indices are calculated as follows:
The yearly load repression, i.e.Y rept, is calculated under
different uncertainties of demand level factors and the results
are given in Table. VII. The limits of fuzzy loss variation, the

TABLE VI
THE TREP AND ACTIVE LOSSES UNDER DIFFERENT UNCERTAINTIES OF

DEMAND LEVEL FACTORS IN CASE-II

Udlf P̃loss(MWh) (P̃loss)
∗ Trep

% Pα=0
loss

Pα=1
loss

P
α=1

loss P
α=0

loss (MWh) (MWh)
0 7348.0 7595.6 8331.0 8585.2 7965.1 0.0
5 7554.3 8041.0 8688.1 8895.0 8286.4 0.0
10 8182.2 8879.8 9761.7 10429.1 9312.1 4.0
15 8793.7 8967.9 9457.3 10248.1 9392.3 5.3
20 9044.1 9926.9 10619.6 10681.7 10040.0 7.6
25 9742.7 9788.8 9899.3 9937.1 9842.0 9.4
30 10470.8 11253.4 11967.6 12547.6 11552.0 11.8
35 10579.8 11284.3 12403.1 12469.7 11671.0 16.6
40 10703.2 11213.0 11748.5 11881.5 11375.0 20.9

crisp values of active losses and total load repression for the
given configuration of the network are calculated for different
demand level uncertainties are given in Table. VI.

2) Planning application: In this case, the DNO has 5
expansion plans which are described in Table. VIII. The costof
each plan, the maximum active losses and total load repression
under different demand level uncertainties are given in Table.
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TABLE VII
THE YEARLY LOAD REPRESSION UNDER DIFFERENT UNCERTAINTIES OF

DEMAND LEVEL FACTORS IN CASE-II

Udlf Y rept(MWh)
% t = 1 t = 2 t = 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

VIII. The most robust expansion plan is #3 because it has the
least total repression and also the least crisp value of active
loss among all other plans.

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Fig. 6. The geographical view of a real 574-bus urban networkin case-II

The scope of this study has been limited to the uncertainties
which are inherently possibilistic. It is of interest to know
how it can be modified to investigate the impact of renewable
energy resources (with probabilistic description) of distri-
bution network performance. In [26], a mixed possibilistic-
probabilistic method is proposed to deal with active lossesin
presence of both renewable and non-renewable DG technolo-
gies. It can also be applied to model the impact of renewable
DG technologies on load repression index.The contributions
of the proposed evaluation method can be summarized as
follows:

• The information gathered in the process (namely the load
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 schedule
of the DG units.

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

• It is specially helpful in situation where there is not
enough historic measured data about the uncertain pa-
rameters or the uncertainty of the parameters can not

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 network per-
formance. The model considers possibilistic modeling of the
uncertainties associated to loads and decisions of DG investors
including their installed capacity and operating schedule. The
proposed technical indices demonstrate the ability of the given
distribution network in load supply and also its efficiency at
presence of DG units. The new evaluation method is applied
on two different distribution systems and its performance is
investigated.The proposed model is useful for basic engineer-
ing design and as a diagnostic tool for DNOs in evaluating
their decisions in network reinforcement or reconfiguration of
distribution network at presence of uncertainties associated to
DG units and load values.The future work will be focused on
modeling the mixed fuzzy and stochastic uncertainties in the
proposed framework.
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