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Abstract. The planning of an active distribution system is 
investigated in this study. This paper conducts a novel 
concept of smart distribution system reconfiguration and 
planning problem. Proposed problem uses the concept of 
distribution system reconfiguration (DSR) with the aim of 
reducing and postponing the expansion requirements, while 
the potential of demand response (DR) programs are 
considered. DR programs are modeled as virtual and 
distributed resources to be dealt with the distribution system 
expansion planning (DEP) problem in the long term time 
horizon. Indeed, the main purpose of this paper is to 
propose “demand response and distribution system 
reconfiguration and expansion planning (DR-DSREP)” 
problem to identify the impact of DSR and DR on the 
expansion planning of distribution systems. The 33-bus 
distribution system is utilized in numerical studies to 
investigate the performance and effectiveness of the 
proposed problem. The simulation results show the 
efficiency and advantage of the proposed methodology. 
 
Keywords: Active distribution system, demand response, 
distribution expansion planning, distribution 
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Nomenclatures 
 

Indicators: 

y: planning year; 
m & n: bus number; 
m-n: line between buses m and n; 
per: time period; 
 
Sets: 

 : set of lines; 
 : set of buses; 
 : set of time periods; 
Y: set of planning years; 

 
Parameters: 

i: discount rate; 
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m nUC  : upgrading cost per kilometer of line “m-n” [$/km]; 

m nL  : length of line “m-n” [km]; 
DR
mC : cost of DR at bus “m” in peak period [$/kW. hour]; 

LC : cost of energy losses [$/kW. hour]; 

 t per : duration of each time period [hour]; 

,min maxV V : minimum and maximum permissible voltage 

level [kV]; 
max
m nI  : maximum current capacity of line “m-n” [A]; 

DR(max)
mp : maximum DR capacity at bus “m” [kW]; 

MaxEENS : maximum acceptable value of EENS [kW. 

hour]; 
 

Variables: 

NPVC: net present value of the costs [$]; 

 C y : total cost in year “y” [$]; 

 UC y : total system upgrading cost in year “y” [$]; 

 DRC y : total DR cost in year “y” [$]; 

 LossC y : total cost of energy losses in year “y” [$]; 

 m nn y : number of installed lines between buses “m” and 

“n” in year “y”; 

 DR
mp y : amount of enable DR at bus “m” in year “y” 

[kW]; 

 DRT y : DR enabling time in year “y” [hour]; 

 ,
loss
m n perp y : power losses of line “m-n” in time period 

“per” of year “y” [kW]; 

 ,m perV y : voltage level of node “m” in time period “per” 

of year “y” [kV]; 

 ,m n perI y : current flow of feeder “m-n” in time period 

“per” of year “y” [A]; 

 EENS y : value of expected energy not-supplied in year 

“y” [kW. hour]; 

 ,m npf per y : power flow of feeder “m-n” in the time 

period “per” of year “y” [kW]; 
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 ,m nz per y : binary variable that is equal to 1 if feeder 

“m-n” is selected in time period “per” of year “y”; 
otherwise it is 0; 
 
Abbreviations 

DSR: Distribution System Reconfiguration; 
DR: Demand Response; 
DEP: Distribution system Expansion Planning; 
DR-DSREP: Demand Response and Distribution System 
Reconfiguration and Expansion Planning; 
GA: Genetic Algorithm; 
PSO: Particle Swarm Algorithm; 
IEA: International Energy Agency; 
TBP: Time-Based Program; 
IBP: Incentive-Based Program; 
MBP: Market Based Program; 
TOU: Time of Use; 
RTP: Real-Time Pricing; 
CPP: Critical Peak Pricing; 
DLC: Direct Load Control; 
EDRP: Emergency Demand Response Program; 
I/C: Interruptible/Curtailable service; 
CAP: Capacity Market Program; 
DB: Demand Bidding; 
A/S: Ancillary Service; 
LDC: Load Duration Curve; 
DG: Distributed Generation; 
EENS: Expected Energy Not-Supplied [kW. hour]. 
 
1. Introduction 

The expansion of electricity chain components is 
necessary due to load increases and includes generation, 
transmission and distribution system expansion planning. 
DEP is an important activity to cope with the forecasted 
electricity demand. A distribution network is a part of a 
network between distribution substations and customers’ 
entrance gate including distribution substations, primary 
distribution system, distribution transformers, and 
secondary distribution system [1]. 

DEP problem consists of sizing, timing and siting of 
distribution facilities, while the restrictions of the system 
and components are overcome [2]. This problem is 
necessary to satisfy forecasted load and system constraints. 
Distribution system planners should be able to determine 
the peak load amplitude and its location to provide a 
suitable and efficient expansion plan with the optimal cost 
[3]. DEP methods have been assessed through numerous 
studies and various optimization algorithms are proposed to 
solve the introduced problems [4]-[6]. Network expansion 
planning requires a complex optimization procedure due to 
the nonlinear and combinatorial nature of the problem     
[7], [8]. Therefore, various studies are focused on utilizing 
some methods with random nature. However, such 
algorithms cannot guarantee the global optimum solution 
that is the main drawback of these methods [9], [10]. 

As mentioned above, lots of studies have investigated 
single or multi-stage expansion problem of distribution 

systems with the aim of minimizing the investment and 
operation costs [11], [12]. Optimization algorithm should 
be employed for the best allocation of the limited financial 
resources [11]. Pseudo-dynamic theory [13], dynamic 
planning [14], graph-theory models [15] and heuristic 
algorithms such as GA are examples of the introduced 
optimization methods. According to the trends of studies in 
recent years, heuristic methods are being used increasingly 
in spite of their random nature [16], [17]. 

Recent studies and reports strongly focused on the 
importance and necessity of smart grids [18]. DR is 
considered as the core of smart grids and enabled by end-
users to motivate changes in power consumption patterns. 
Reference [19] has investigated the influence of DR 
programs in a future smart electricity system in 2020. The 
effectiveness of DR programs has been assessed in [20]. 
According to the strategic plan of IEA, DR programs are 
considered as the first choice in all energy policy decisions 
[21]. The potential benefits of the demand side activities are 
introduced as a reason of such considerations [21]. 
Recently, DR programs attracted more attentions and are 
considered as resources, called DR resources. DR programs 
can be divided into three major classes, including [16]: 
TBPs, IBPs, and MBPs. TBPs consist of TOU, RTP, and 
CPP. In these programs, customers should cope with 
varying levels of time-dependent prices; the least with TOU 
and the most with RTP. IBPs consist of DLC, EDRP, I/C, 
and CAP. EDRPs are voluntary programs in which 
customers are not penalized if they do not response to the 
DR calls. In the DLC programs, utilities can directly curtail 
customers’ electricity using a remote switch. I/C and CAP 
are mandatory programs and they use penalties if enrolled 
customers do not reduce their consumptions when directed. 
MBPs include DB and A/S programs. In DB programs, 
large customers will be encouraged to have participation at 
their desired price, or to determine that how much load they 
are willing to curtail at a specific posted price. In A/S 
programs, customers are allowed to bid load curtailment in 
electricity markets as operating reserves [16].  

As it is explained in [22], distribution companies are one 
of the most important buyers for DR resources. They can 
purchase DR resources in a regulated market-based or 
conventional bilateral manner. From the economic point of 
view, distribution planners want to minimize all the 
investment costs (long-term horizon) as well as the 
operational costs (short-term horizon). Although DR 
programs are substantially short term activities, their effects 
on yearly LDC is not negligible. Indeed, in addition to the 
changes of daily electricity pattern, they are able to modify 
the LDC. Consequently, DR programs can be motivated in 
short-term time horizon; while the long-term aims are 
considered. In [23], the authors have investigated the effects 
of the DR programs on the planning of distribution systems. 

DSR is another component of active distribution systems 
that is investigated in this paper. Distribution systems have 
some normally close and normally open switches. By 
changing the state of the switches, the configuration of the 
system will be changed. Generally, reconfiguration is to 
transfer parts of loads from one feeder to another. Lines’ 
power flow, power losses, and voltage levels change via 
switching operations. So, DSR can reduce power losses and 
improve the operational condition of the system. 
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Furthermore, releasing the capacity of the transmission and 
distribution networks as well as the substations capacity can 
reduce the expansion requirements as a consequence of 
DSR. Thereby, DSR can have a direct effect on the 
expansion plans. It should be mentioned that by using the 
DSR, the state of the switches is changed. Consequently, in 
some time intervals, some of the corridors are not operated, 
while in some other time intervals, they may be used. 
Hence, by the reconfiguration of the system, some corridors 
are not operated just in some specific time intervals, but 
they still exist in the system. Indeed, distribution systems 
could be designed as meshed networks but they should be 
operated radially by opening some of the switches. 

A lot of studies have investigated the problem of DSR 
[24], [25]. A long-term multi-objective planning framework 
is proposed in [26] to maximize the benefits of DSR beside 
the allocation of distributed generation units. Lines’ 
reinforcement plan, network reconfiguration and the 
planning of distributed generation units are handled in [26]. 
A heuristic reconfiguration algorithm is presented in [27] 
that minimize the non-delivered power in contingency 
conditions. 

A wide range of algorithms has been introduced to solve 
the DSR problem. A method based on bacterial foraging 
optimization algorithm is presented in [28] with the aim of 
loss minimization. Moreover, improved adaptive imperialist 
competitive algorithm [29], GA [30], artificial immune 
systems [31], and some other methods such as classical 
optimization techniques, parallel simulated annealing, 
reactive tabu search, database, and knowledge-based 
heuristic algorithms are proposed until now [27]. 

Basically, the DEP is a problem that considers the 
expansion and operation cost terms, besides the reliability 
of the system. In fact, the utility should provide a cost-
effective and reliable service to provide the electricity 
demand with a standard quality level [32] Reference [33] 
presented a multiobjective problem for the DEP by 
considering the planning costs and a reliability index 
(energy not served). 

An MINLP model is proposed in [34] for the DEP 
problem, considering the expansion and operation cost 
terms as well as the reliability costs. In this paper, the 
reliability costs are computed by calculating the non-
supplied energy in the distribution network. El-Zonkoly et 
al. [35] utilized the comprehensive learning PSO (CLPSO) 
to minimize the generation cost as well as un-served power 
cost. Zou et al. [36] introduced an analytical method to 
access the desired reliability of distribution systems based 
on the following criteria: system average interruption 
duration index (SAIDI) and system average interruption 
frequency index (SAIFI). The presence of DGs 
(dispatchable and nondispatchable renewable DGs) is also 
considered in this paper. Reference [37] proposed a time-
sequential simulation approach to compute the cost of 
reliability in distribution systems. Chowdhury et al. [38] 
investigated the reliability level of distribution systems by 
considering the presence of conventional DGs like gas 
turbines. Several multiobjective problems have been 
presented to model the multistage DEP under dynamic or 
pseudodynamic procedures [39]. Consequently, 
optimization methods like MOPSO, NSGA-II, and NBI 
have been introduced to solve multiobjective problems 

[40]-[42]. MOPSO is one of the appropriate meta-heuristic 
methods in order to solve the complex optimization 
problems due to its robustness in controlling parameters and 
its flexible applications [43]. 

Considering the importance of this research area, this 
paper proposes the “DR-DSREP” problem which 
incorporates DR, DSR, and the expansion planning 
problems. 

As it is known, the presence of DGs is one of the most 
important components of the smart grid. However, the aim 
of this paper is to investigate the effect of DR and DSR in 
the planning of distribution systems. As it is mentioned, DR 
and DSR are essential components to construct an active 
distribution system. Hence, this paper investigates the 
necessity of DR, DSR, and the integration of them, in the 
DEP problem. The presence of DG units and their 
integration in the system can be investigated through 
another comprehensive study. 

Regarding the role of DR resources in the future smart 
grid, DR models are developed in this paper to be dealt with 
the long-term planning framework. Hence, the effect of DR 
programs on the LDC is modeled and investigated through 
this paper. It should be mentioned that, for the sake of 
simplicity and without loss of generality, the DLC 
programs are considered in this paper to avoid the 
probabilistic nature of DR. However, stochastic models can 
be developed to evaluate the effect of other types of DR 
which is beyond the scope of this paper. 

As aforesaid, DSR is addressed in the current study as 
another part of active distribution systems with the aim of 
reducing and postponing the expansion investments. 
Therefore, the decision variables of the reconfiguration 
problem are considered besides the DEP and DR variables. 
In order to satisfy the system reliability level, the EENS 
index is considered in this paper. A pseudo-dynamic 
procedure is utilized to solve the multi-stage problem. 
Furthermore, PSO is assigned in this paper to optimize the 
proposed problem.  

In regard to previous studies, the main difference 
between this paper and [23] is to integrate the simultaneous 
effects of DSR and DR, on the DEP problem. Hence, by 
using some suitable scenarios, the effectiveness of DR and 
DSR, and also the integrated effects of them on the 
expansion planning of distribution systems are investigated. 
Furthermore, the EENS index is considered in this paper as 
the reliability criteria of the system as one of the system 
constraints. 

The main contributions of the paper can briefly be 
classified as: 
 Providing the long-term model of DR as some virtual 

distributed resources; 
 Considering the role of DR resources in the DEP 

problem; 
 Incorporating DSR with DEP to minimize total upgrading 

cost, while the potential of DR programs is modeled. 

The rest of the paper is organized as follows. Problem 
description is explained in Section 2 which consists of the 
mathematical formulation of the objective function, system 
constraints, power flow, and optimization algorithm. 
Section 3 conducts the simulation results. Finally, 
concluding remarks are drawn in Section 4. 
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 2. Problem Description 

In this section, the problem is mathematically 
formulated. The multi-stage planning problem is considered 
in the long-term time horizon and solved by using the PSO 
method. The details of the PSO algorithm are explained in 
Section 2. 4. Integrating the potential of DR and DSR in the 
DEP is the specific feature of the proposed problem. 

As explained in section 1, DR programs can change the 
shape of LDC. Fig. 1 schematically illustrates the effect of 
DR resources on the LDC. As shown in Fig. 1, after 
enabling DR in a network, a part of peak demand will be 
transferred to the shoulder and off-peak periods. Loads can 
be classified as multi-period or single-period loads.  

In multi-period loads, a specified percentage of loads can 
transfer to other periods. Single-period loads cannot be 
shifted to other times and they should be turned off when 
they are called to participate in DR programs. The modified 
LDC after considering DR in the network is depicted using 
dashed lines in Fig. 1. 

Mathematical formulation of the problem is given as 
follows. 
 
A. Objective Function 

The objective function is to minimize the total expansion 
costs and simultaneously satisfy system constraints and 
cope with the forecasted load. The mathematical 
formulation can be expressed as equation (1).  
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Fig. 1. The effect of long-term demand response on a typical LDC. 
 

In (1),  C y  denotes the required upgrading cost of the 

feeders.  DRC y  is the total cost that is needed to enable 

DR in the network. Moreover,  LossC y  is the total cost 

related to the energy loss in the network. 
 

Decision variables in the objective function formulation 
are line reinforcement (  m nn y ), system reconfiguration          

(  ,m nz per y ), and the specification of DR programs        

(  DR
mp y ). Furthermore, NPVC,  C y ,  UC y ,  DRC y , 

 LossC y ,  DRT y , and  ,
loss
m n perp y  are other variables of 

the objective function. 
 
B. Constraints 

Problem restrictions can be classified as follows. 
 

1) Radiality and Connectivity of the Network 

Distribution systems have tree shape graphs and should 
be operated radially [44]. Hence, islanded buses should not 
appear for providing the system loads. So, all the nodes in a 
fully connected tree shape distribution networks should be 
connected to the root of the graph [45], [1]. Furthermore, if 
system graph is connected, not islanded, equation (2) 
should be satisfied to ensure the radiality of the system.     

In (2), lN  and nN  are the number of network lines and 
buses, respectively. The presented approach in [46] is 
utilized in this paper to guarantee the radiality and 
connectivity of the network. 
 

1l nN N   (2) 
 

2) Permissible Voltage Levels 

Voltage levels should not exceed the acceptable ranges. 
So, voltage constraints should be applied as inequalities (3). 
 

 , , , ,min max
m perV V y V m per y Y       

 

(3) 

 

3) Current Limits 

The maximum current limits of lines are represented by 
(4). 
 

 , , , ,max max
m n m n per m nI I y I m n per y Y          

 

 

(4) 

 
4) The Maximum Penetration Level of DR 

DR programs have limitations because of their barriers 
including customer barriers, producer barriers, and 
structural barriers [47]. These barriers are discussed in [47] 
by details. However, DR penetration level constraints are 
simply formulated by inequalities (5). 

 

  , ,D R D R (m a x)
m mp y p m y Y      

 

(5) 
 

5) Reliability Constraint 

The reliability of the network should maintain in the 
acceptable range. The EENS index is utilized in this paper 
as the reliability criterion, as formulated by (6) and (7)  
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(7) 

 
where m n   and m nrp   are the failure rate of feeder “m-n” 

per kilometer and per year (in fail/km. year) and the 
average duration of fault on feeder “m-n” (in hr/fail), 
respectively. 
 
C. Power Flow 

The backward/forward sweep method is utilized in this 
paper for power flow calculation. The algorithm of this 
method is shown in Table 1. 

Fig. 2 shows a typical radial distribution system with N 
load points. Zm indicates the impedance of line between 
nodes “m-1” and “m”. IM,m and IL,m are the currents of the 
main and lateral lines emanated from node “m” 
respectively. The substation voltage level is denoted by U0. 
Pn and Qn are the active and reactive load levels of each 
load points. The procedure of the introduced method can 
mathematically be formulated with (8)-(14). Index   
denotes the iteration number of the backward/forward 
sweep algorithm (  1, 2, ...  ). 

1) Initializing Step 
 

1  ,  1
0 , 1:nU U n N     (8) 

2) Backward Process 

Table 2 shows the formulation of a backward process. 
DR

nP  and DR
nQ  in Table 2 are enabled active and reactive 

powers with DR programs at bus “n”. b
nP  and b

nQ  are the 

active and reactive powers that are shifted from other 
periods to this period as a result of DR. Furthermore, 

 *, 1
nU   is the conjugate of  1

nU  . 

3) Forward Process 

The forward process can be formulated as (14) to 
compute the voltage of each bus in iteration “ ”. 
 

     
,1 1:n n M nnU U Z I n N 

      
 

(14) 

 

 
Table 1. Backward/forward sweep algorithm 

 

Step Description 

1: Initializing Initializing the voltage levels of all buses 

2: Backward process Evaluate power and current flows 

3: Forward process Evaluate voltage drops 

 
 
 
 
 
 
 
 
 

 
Fig. 2. A typical radial distribution system. 

Table 2. The backward-sweep formulation 
 

Equation Numbers The Absence of DR The Presence of DR 

(9)    *, 1*
, , 1:n nL nI S U n N         *, 1*

, , 1:n nL nI H U n N      

(10) 
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M n L h
h n
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
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Components of (8) 

(11) * , 1 :n n nS P jQ n N     

(12)    * , 1:DR b DR b
n n n n n n nH P P P j Q Q Q n N         
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The process should be repeated by substituting 1    
until the satisfaction of the convergence criteria [23]. 
 
3. Solution Method 

The PSO technique is implemented to solve the 
optimization problem. The PSO is a population-based 
optimization algorithm introduced by Eberhart and 
Kennedy [48]. It is based on the number of particles and 
inspired by the behavior of insects’ swarm or birds’ flock 
[49]. The PSO has some important advantages in 
comparison with other heuristic methods like GA. The PSO 
has more effective memory capacity, more diversity to 
search the optimum solution and also faster search speed 
[50]. 

Swarms in the PSO algorithm consist of the group of 
particles that determine the solution points [50]. Each 
particle moves in the solution space toward the best 
solution with a specific velocity, while it has memory to 
save its best previous position [48]. The ith particle velocity 
is assigned based on (15). 
 

         ( 1) ( )i i i i ij j r G j x j r P j x j           
 

(15) 
 

where, “j” represents the number of iterations, and i  

expresses the velocity of particle “i”. “ r ” and “ r ” are 
random variables between 0 and 1.  G j  is the best 

solution of all particles (global best solution) until the 
iteration number “j”.  iP j  is the best solution of the ith 

particle (individual best position) until the iteration “j”. 
Furthermore, xi denotes the position of the ith particle in the 
solution space. According to (15), the velocity of each 
particle in the PSO method is based on its current and 
previous conditions and also the positions of other particles. 
The decision variables can be updated based on (16). 
 

     1 1i i ix j x j j     
 

(16) 
 

Line reinforcement, network reconfiguration plan, and 
the specification of DR programs are considered as the 
decision variable of the proposed problem that should be 
determined using the PSO algorithm. Table 3 illustrates all 
the equations regard to the decision variables of the 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Overall scheme of the optimization process. 
 
proposed problem. Equations [17]-[22] in this table 
formulate the velocity and position of the swarms of these 
decision variables. Fig. 3 shows the algorithm of the 
proposed problem. In this figure, Pb (p, j) is the best 
 
 

Table 3. PSO formulations for the velocity and position of the swarms for decision variables 

Decision Variables Equations 
Equation 
Numbers 

Line reinforcement 
     1 1U U U

i i iDV j DV j v j     (17) 

     ( 1) ( ) 1 ( ) 2 ( )U U U U U U
i i i i iv j v j r G j DV j r P j DV j         (18) 

Demand response 
     1 1DR DR DR

i i iDV j DV j v j     (19) 

     ( 1) ( ) 3 ( ) 4 ( )DR DR DR DR DR DR
i i i i iv j v j r G j DV j r P j DV j         (20) 

Network reconfiguration 
     1 1z

i i iz j z j v j     (21) 

     ( 1) ( ) 5 ( ) 6 ( )z z z z z z
i i i i iv j v j r G j DV j r P j DV j         (22) 

 
 

Yes

Start 

PSO initializing 

Modify LDC 

 

Construct radial and connected 
distribution system

Check the problem constraints, and 
compute the objective function

j <  

No

End 

Update the decision 
variables. 

Determine and save the Pb (p,j) 
and Gb(j) solutions. 

Save the best determined 
solution
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solution of swarm “p” until the “jth” iteration. Moreover, Gb 
(j) denotes the best solution of all the swarms until the 
iteration number “j”. maxI  is the maximum number of the 
PSO iterations. If each generated particle cannot satisfy the 
system restrictions, a penalty factor will be considered for 
it. Consequently, undesirable solutions will be avoided 
because of the high amount of penalties. 

Next section provides all the simulation results and 
comprehensive analysis that is required to investigate the 
performance of the proposed problem. 
 
4. Numerical Results 
 

A. Input Data and Assumptions 

The 33-bus distribution system is considered as a case 
study to explore the planning results. Fig. 4 illustrates the 
primary configuration of this system. Dashed lines in Fig. 4 
are related to the tie-lines and colored circles determine the 
candidate buses that have a potential to participate in DR 
programs. System specifications are provided in Table 4. 
All the 33-bus test system data are adopted from [51]. The 
maximum capacity of lines is assumed to be 118 A. The 
multi-stage problem is solved using the pseudo-dynamic 
approach. The base standard load data is considered as the 
forecasted demand at stage 1 (the first year of planning 
horizon). It is supposed that the load levels are increased by 
10 percent per year with respect to the previous year for 
buses 8-18, and 5 percent for remained buses. It should be 
mentioned that the salvage value of the lines are related to 
their lifetimes that are usually more than the horizon 
planning time of the distribution systems that is considered 
in this paper. Hence, by considering the main aim of this 
paper that is to show the effects of the DR and DSR on the 
DEP problem, and without loss of generality, the wires 
lifetime is not considered in this paper. Furthermore, 
according to [26], the switching cost is around 203 
($/switching). It is clear that the switching cost is negligible 
in comparison with other cost terms in the distribution 
expansion problem. Hence, the switching costs can be 
neglected without affecting the validity and accuracy of the 
results. 

Both primary and modified LDCs after considering the 
effect of DR programs are computed for each node of the 

system as it is depicted in Fig. 1. In Fig. 1, horizontal 
dashed lines are corresponding to the modified LDC. 
Vertical arrows denote the changes of load levels in each 
time segment after DR implementation. Three load levels 
are considered as the primary LDC segments including 
peak, shoulder and off-peak periods. The durations of 
segments are supposed equal to 360, 4900 and 3500 hours, 
respectively. In addition, demand levels in shoulder and off-
peak periods are considered to be 75 and 60 percent of the 
peak load data. Also, DLC programs are considered here to 
avoid the probabilistic nature of DR programs. According 
to Fig.1, by considering the effect of DR resources, 
estimated 3-segment LDC will break into 5-segment curve. 
Intervals [T1-T2] and [T3-T4] are equal to [0-T1] which is 
total hours that DR programs are enabled in the network. 

As it is mentioned in the previous section, multi-period 
loads can be shifted to other periods, while single-period 
loads cannot. If DR is enabled in peak periods, the amount 
of load in peak time will be decreased, while the load level 
in other periods will be increased due to the shifted loads. 
So, some parts of curtailed load will be transferred to 
shoulder, some parts will be shifted to off-peak, and some 
parts will be turned off. It is assumed that 20 percent of the 
curtailed load will be transferred to the shoulder hours and 
50 percent of responsive load will be shifted to off-peak 
area. Residual loads are considered to be turned off (single 
period loads). Furthermore, the value of discount rate is 
considered equal to 20% to compute the net present value 
of the cost terms. 

 
Table 4. System characteristics 

Specification Dimension Value 

Voltage base kV 12.66 

Energy cost $/MW.hour 60 

Cost of DR $/MW.hour 200 

Lines' reinforcement cost $/km 145000 

planning horizon time Year 4 

Substation voltage Per-unit 1.04 

permissible voltage levels Per-unit [0.96, 1.04] 

 
 

 
Fig. 4. The 33-bus distribution system. 
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B. Simulation Results and Analysis 

As it is listed in Table 5, four scenarios are defined here 
to explore the effectiveness and performance of the 
proposed problem, including: 
 Scenario 1: Distribution system expansion planning; 
 Scenario 2: Distribution system expansion planning 

considering the potential of DR resources; 
 Scenario 3: Integrated distribution system reconfiguration 

and expansion planning; 
 Scenario 4: Demand response and distribution system 

reconfiguration and expansion planning. 

The first scenario optimizes the expansion planning 
problem in a conventional manner without considering the 
potential of DR resources and DSR. The second scenario 
takes into account the potential of DR resources in the 
planning problem. Scenario 3 integrates the problem of 
DSR with expansion planning of the distribution system. 
Finally, Scenario 4 is elaborated to investigate the 

effectiveness of the proposed DR-DSREP problem in which 
DEP and DSR problems are incorporated in the presence of 
DR resources. Table 6 describes the cost details of 
simulation results for all the scenarios. As it can be seen in 
Table 6, the net present value of the base case (scenario 1) 
is 1.85 (M$). It is decreased to 1.63, 1.48 and 1.00 (M$) 
and shows 11.89, 20.00 and 45.95 percent cost reduction 
using scenarios 2,3 and 4, respectively. Open sections in 
each year are listed in Table 7. It should be mentioned that 
 

Table 5. Different scenarios 

 DR Programs DSR 
Scenario 1 (#1)   
Scenario 2 (#2)   
Scenario 3 (#3)   
Scenario 4 (#4)  

 

 

Table 6. Details of the planning cost for each scenario 

Scenario 
Numbers 

Objective Function (M$) Cost Terms (M$) Year 1 Year 2 Year 3 Year 4 

1 1.85 

System upgrading cost 1.02 0.07 0.95 0.65 

Total cost of energy loss 0.029 0.033 0.037 0.047 

Cost of DR programs - - - - 

2 1.63 

System upgrading cost 0.87 0.0 0.36 1.23 

Total cost of energy loss 0.027 0.031 0.038 0.044 

Cost of DR programs 0.006 0.006 0.006 0.007 

3 1.48 

System upgrading cost 0.58 0.36 0.36 0.95 

Total cost of energy loss 0.031 0.028 0.035 0.040 

Cost of DR programs - - - - 

4 1.00 

System upgrading cost 0.43 0.00 0.51 0.51 

Total cost of energy loss 0.028 0.029 0.034 0.042 

Cost of DR programs 0.002 0.009 0.002 0.016 

 
Table 7. Open sections and new added lines in each scenario 

Scenario 
Numbers 

 Year 1 Year 2 Year 3 Year 4 

1 

Open Sections 
8-21, 12-22, 9-15, 18-

33, 25-29
8-21, 12-22, 9-15, 

18-33, 25-29
8-21, 12-22, 9-15, 

18-33, 25-29 
8-21, 12-22, 9-15, 

18-33, 25-29

Added Lines 1-2 ( 2 ), 2-3 ( ), 
3-4, 4-5, 5-6, 6-7 

1-2 
2-3, 3-4, 4-5, 5-6, 

6-26 
1-2, 7-8, 26-27, 27-

28, 28-29 

2 

Open Sections 
8-21, 12-22, 9-15, 18-

33, 25-29
8-21, 12-22, 9-15, 

18-33, 25-29
8-21, 12-22, 9-15, 

18-33, 25-29 
8-21, 12-22, 9-15, 

18-33, 25-29

Added Lines 1-2 ( ), 2-3 ( ), 
3-4, 4-5, 5-6 

- 1-2, 3-4, 4-5 
2-3, 5-6, 6-7, 7-8, 6-

26, 26-27, 27-28 

3 

Open Sections 
6-7, 9-10, 14-15, 17-

18, 25-29
9-10, 14-15, 32-33, 

8-21, 25-29
9-10, 14-15, 31-32, 

8-21, 25-29 
10-11, 14-15, 32-33, 

8-21, 25-29

Added Lines 1-2 ( ), 2-3, 3-4, 4-
5 

1-2, 2-3, 5-6 6-26 
1-2, 2-3, 3-4, 4-5, 5-

6, 26-27, 27-28 

4 
Open Sections 

7-8, 10-11, 14-15, 32-
33, 25-29

7-8, 10-11, 14-15, 
32-33, 25-29

10-11, 14-15, 32-
33, 8-21, 25-29 

9-10, 14-15, 17-18, 
8-21, 25-29

Added Lines 1-2 ( 2 ), 2-3, 3-4 - 1-2, 2-3, 4-5, 5-6 6-26, 26-27 

2

2 2

2
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Table 7 represents the corridors with open switches in each 
year. It means, for instance, in the first year of the scenario 
4, by using switching operations, corridors 7-8, 10-11, 14-
15, 32-33, and 25-29 will be opened and so will not be 
operated, while all other corridors are operated by closing 
the corresponding switches. Moreover, it should bear in 
mind that, as it is mentioned, the first scenario optimizes the 
DEP problem without considering DR and DSR. Hence, 
there is not any change in the states of the switches in this 
scenario. So, as it is obvious in Table 7, the opened 
switches are always same (because the potential of DSR is 
not considered in this scenario). However, to satisfy the 
increasingly load level of distribution buses, distribution 
feeders are upgraded. Hence, in this case, there is not any 
change in the state of switches because DSR is not applied 

and switches of tie-lines are always open, but distribution 
lines are upgraded to satisfy the system constraints during 
the planning years. Fig. 5 shows the system reconfiguration 
and reinforcement plan in each year of the planning years 
for the scenario 4. Dashed lines in this figure indicate the 
upgraded corridors and the number of added lines. 

The comparison results are shown in Fig. 6 for all the 
introduced scenarios. It can be concluded from Fig. 6, 
considering the potential of DR resources in the planning 
studies and incorporating DSR with DEP can reduce and 
postpone a major part of expansion costs and provide 
economic benefits for distribution system planners. 
According to Fig. 6, the proposed problem does not show 
any high investment requirements during all the planning 
studies. So, reducing a major part of expansion costs by DR 

 
 

 
Fig. 5. The reconfiguration and expansion scheme of the system for the scenario 4. 

 

 
 

Fig. 6. Present value of total planning cost in each stage of each scenario. 
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and DSR and postponing some parts of costs to the later 
years, decreases the net present value of total costs. The 
amounts of cost terms are shown individually in Fig. 7 for 
each scenario. Furthermore, Fig. 8 illustrates the share of 
each term as a percentage of the total expansion cost. 

According to Fig. 7, integrating DR and DSR with the 
expansion planning problem will dramatically reduce the 
system upgrading costs. As the main aim of the proposed 
problem is to reduce the total expansion costs, 
incorporating DR, DSR and DEP have higher effect on the 
required upgrading costs. Thereby, comparing Figs. 8-a and 
8-d expose that the upgrading cost of lines has less 
percentage in the proposed problem than the first one. This 
fact is also correct for other scenarios that separately show 
the effect of DR and DSR. However, the penetration level 
of DR is impressive in the planning results. It should be 
noted that, in this paper, the DR potential is considered to 
be very limited, i.e. 

 
 

DR is just applicable on buses 13-18 and 30-33 and just 20 
percent of the load in each bus can participate in DR 
programs. The effect of the other penetration levels of DR 
on the planning cost is depicted in Fig. 9 for the proposed 
problem. 

 
 

Fig. 9. Total planning cost with respect to the DR penetration 
level. 

 
 

Fig. 7. Present value of total lines’ upgrading cost, total loss cost, and total cost of DR in different scenarios. 
 
 

 
 
Fig. 8. The share of cost terms in the total planning costs: a) scenario 1, b) scenario 2, c) scenario 3, d) scenario 4. 
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Fig. 10. Voltage profile over different buses for each scenario a) year 1, b) year 2, c) year 3, d) year 4. 
 
Fig. 9 illustrates the changes of the expansion cost with 
respect to the various penetration level of DR in the 
network. Furthermore, Fig. 10 represents the voltage levels 
of the 33-bus distribution system for each scenario in peak 
periods. It should be noted that the lower permissible 
voltage level is considered equal to 0.96 per-unit in this 
paper, which is completely satisfied in all the planning 
years. Finally, according to all the numerical analysis, the 
simulation results approve the efficiency and advantages of 
the proposed problem. 
 
5. Conclusion 

The active distribution system expansion planning is 
addressed in this paper by proposing “demand response and 
distribution system reconfiguration and expansion planning 
(DR-DSREP)” problem. DR programs are modeled as some 
virtual and distributed resources that can be used in a long-
term expansion planning. Furthermore, DSR is integrated 
with DEP problem with the aim of reducing and postponing 
the total expansion cost. The concurrent impacts of DR and 
DSR are fully investigated as the main purpose of this 
study. The proposed problem is tested using the 33-bus 
distribution system and analyzed through four individual 
scenarios. The simulation results approved the economic 
benefits of the proposed problem as well as the operational 
advantages. 
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