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Abstract—The growing trend of variable energy source 
integration in power systems (especially at a distribution level) is 
leading to an increased need for flexibility in all levels of the 
energy flows in such systems: the supply, the network and the 
demand sides. This paper focuses on a viable flexibility option 
that can be provided by means of a dynamic network 
reconfiguration (DNR), an automatic changing of line statuses in 
response to operational conditions in the system. The ultimate 
aim is to assess the impacts of such flexibility on the utilization 
levels of variable power sources (mainly, solar and wind) 
integrated at a distribution level. To perform this analysis, a 
stochastic mixed integer linear programming (S-MILP) 
operational model is developed in this work. The objective of the 
optimization problem is to minimize the sum of the most relevant 
cost terms while meeting a number of model constraints. The 
proposed model dynamically finds an optimal configuration of an 
existing network system in accordance with the system’s 
operational conditions. The operation scale in the current work is 
one day, but with the possibility of an hourly reconfiguration. 
The standard IEEE 41-bus system is employed to test the 
proposed model and perform the analysis. Numerical results 
generally show that DNR leads to a more efficient utilization of 
renewable type DGs integrated in the system, reduced costs and 
losses, and a substantially improved system performance 
especially the voltage profile in the system. 

Keywords—Distributed generation; network reconfiguration; 
renewable energy sources; stochastic mixed integer linear 
programming;  

I. NOMENCLATURE 

A. Sets/Indices 

c/ߗ௖   Index/set of capacitor banks  
es/ߗ௘௦  Index/set of energy storage 
g/ߗ௚  Index/set of generators 
h/ߗ௛  Index/set of hours 
l/ߗ௟   Index/set of lines 
n,m/ߗ௡  Index/set of buses 
s/ߗ௦  Index/set of scenarios ߫/ߗచ  Index/set of substations Ωଵ/Ω଴ Set of normally closed/opened lines 

B. Parameters ܧ௘௦,௡,௦,௛௠௜௡ ௘௦,௡,௦,௛௠௔௫ܧ ,   Energy storage limits (MWh) 

௚஽ீܴܧ  చௌௌ Emission rates of DGs and energyܴܧ ,
purchased, respectively (ܱܥݐଶ݁/ܹܯℎ) ݃௟, ܾ௟, ௟ܵ௠௔௫ Conductance, susceptance and flow limit of 
line l, respectively (Ω-1, Ω-1, MVA) ܱܥ௚ Cost of unit energy production (€/ܹܯℎ) ݌ ௚݂, ݌ ௦݂௦ Power factor of DGs and substation ௚ܲ,௡஽ீ,௠௜௡, ௚ܲ,௡஽ீ,௠௔௫  Power generation limits (MW) ௘ܲ௦,௡௖௛,௠௔௫,	 ௘ܲ௦,௡ௗ௖௛,௠௔௫Charging/discharging upper limit (MW) ܲܦ௦,௛௡ ௦,௛௡ܦܳ ,  Demand at node n (MW, MVAr) ܳ௖,௡,௦,௛௖,଴  Block of capacitor bank (MVAr) ܴ௟, ௟ܺ  Resistance, and reactance of line l (Ω, Ω) ܵ ௟ܹ  Cost of line switching €/switch ௡ܸ௢௠  Nominal voltage (kV) ߟ௘௦௖௛, ஼ைమߣ ௘௦ௗ௖௛ Charging/discharging efficiencyߟ   Cost of emissions (€/ܱܥݐଶ݁) ߣ௘௦  Variable cost of storage system (€/ܹܯℎ) ߣ௛చ   Price of electricity purchased  ߤ௘௦  Scaling factor (%) ߭௦,௛௉ , ߭௦,௛ொ   Unserved power penalty (€/ݎܣܸܯ/€,ܹܯ) ߩ௦  Probability of scenario s 

C. Variables ܧ௘௦,௡,௦,௛  Reservoir level of ESS (MWh) ܫ௘௦,௡,௦,௛௖௛ ௘௦,௡,௦,௛ௗ௛ܫ ,  Charging/discharging binary variables ௚ܲ,௡,௦,௛஽ீ ,	ܳ௚,௡,௦,௛஽ீ  DG power (MW, MVAr) ௘ܲ௦,௡,௦,௛௖௛ , ௘ܲ௦,௡,௦,௛ௗ௖௛  Charged/discharged power (MW) చܲ,௦,௛ௌௌ , ܳచ,௦,௛ௌௌ  Imported power from grid (MW, MVAr) ௡ܲ,௦,௛ேௌ , ܳ௡,௦,௛ேௌ  Unserved power (MW, MVAr) ௟ܲ,௦,௛, 	ܳ௟,௦,௛ Power flow through a line l (MW, MVAr) ܲܮ௟,௦,௛,	ܳܮ௟,௦,௛ Power losses in each feeder (MW, MVAr) ܳ௖,௡,௦,௛௖  Reactive power injected by SCBs (MVAr) ݔ௖,௡,௛ Integer variable of capacitor banks ݔ௟,௛ Binary switching variable of line l ∆ ௡ܸ,௦,௛, ∆ ௡ܸ,௦,௛   Voltage deviation magnitude (kV) ߠ௟,௦,௛ Voltage angles between two nodes line l 

D. Functions ܥܧ஽ீ, ,ாௌܥܧ  ,ௌௌExpected cost of energy produced by DGsܥܧ
supplied by ESSs and imported (€) 
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,஽ீܥ݅݉ܧ  ௌௌ Expected emission costs of power producedܥ݅݉ܧ
by DGs and imported from the grid (€) ܥܵܰܧ Expected cost for unserved energy (€) ܹܵܥ  Cost of line switching (€) 

II. INTRODUCTION  

Electrical distribution systems need to cope up with 
challenges induced by the increasing global concerns on 
environmental change and energy security among others. All 
this is driving the evolution of existing distribution network 
systems into smarter ones. Smart network systems are expected 
to be equipped with advanced technologies such as emerging 
flexibility options that can support the integration and effective 
utilization of non-conventional energy sources such as wind 
and solar. Such energy resources are particularly gaining 
interest globally, and their share in the final energy delivery is 
growing dramatically [1], [2]. This development will be further 
accelerated following the favorable agreement of states to curb 
global warming and mitigate climate change. Many policy 
makers across the globe are now embarking on ambitious 
sustainable energy production targets [3], [4]. 

However, increased level of variable renewable energy 
sources (vRESs) such as wind and solar comes with certain 
challenges [5] mainly due to their intermittent nature. This 
increases uncertainty and variability in the system, leading to 
technical problems and enormous difficulty in the critically 
important minute-by-minute balancing requirement of supply 
and demand. Particularly, at distribution levels, there is little 
room for any compromise on the stability and integrity of the 
system as well as the reliability and quality of power delivered 
to the end-users. Generally, the intermittent nature of such 
resources (vRESs) substantially increases the flexibility needs 
in the system. Flexibility in this paper should be understood as 
the capability of the system to balance variations in the demand 
and supply sides. Traditionally, this has been mostly handled 
by the supply side i.e. any variation in demand has been 
instantly balanced by generators designed for this purpose. 
However, this norm is nowadays changing, where flexibility 
options that can be provided by the supply, demand, network 
and/or other means are largely sought.  

This paper focuses on a viable flexibility option that can be 
provided by means of a dynamic network reconfiguration 
(DNR). DNR deals with a continuous and automated change of 
line statuses depending on the operational conditions in the 
distribution system. This should generally lead to a more 
efficient operation of the system by maximizing the utilization 
level of variable energy resources (mainly, wind and solar), and 
minimizing their side effects such as voltage rise issues. 

References [6], [7] present a detailed review of the most 
relevant works in the subject area of distribution network 
reconfiguration by mainly focusing on the methods employed 
to handle the resulting optimization problem, and the main 
objectives of carrying out such an optimization. Generally, the 
purpose of reconfiguration in existing studies has been mainly 
to minimize network losses [8], [9], [10], [11]. However, a 
properly (optimally) executed network reconfiguration can 
simultaneously meet a number of additional objectives such as 
improving the voltage profile and reliability in the system [12], 

[13], [14], [15]. In addition, a more frequent reconfiguration 
(which is alternatively called an intelligent reconfiguration) can 
substantially enhance the flexibility of existing systems, paving 
the way to an increased penetration and use levels of vRESs. 
Authors in [16] propose a joint optimization model for 
simultaneously planning distributed generations (DGs) and 
expanding the distribution network systems, embedding a 
reconfiguration algorithm. However, the reconfiguration task 
involves a yearly switching operation of distribution feeders 
i.e. a more frequent switching of feeders is not considered. The 
work in [17] also uses a static network reconfiguration for the 
purpose of “mitigating voltage sags and drops” in the presence 
of distributed energy resources (DERs). 

Reference [18] develops a MILP optimization model, 
incorporating a static network reconfiguration in the presence 
of wind and energy storage, with the specific aim of reducing 
the impacts of outages and losses. In [19], network 
reconfiguration is used to achieve three objectives: minimizing 
DG curtailments, congestion and voltage rise issues. In a 
similar line, Ref. [20] investigates the impact of network 
reconfiguration on the integration level of DGs in distribution 
systems. Authors in [21] develop a reconfiguration model for 
increasing the penetration level of plug-in electric vehicles 
(PEVs) and reducing system costs.  

As mentioned earlier, the vast literature in the network 
reconfiguration area focuses on a static switching of lines, and 
mainly for the purpose of minimizing network losses and/or 
improving reliability by balancing load and restoring supply in 
the event of contingencies. The DNR problem is not adequately 
addressed from the smart-grids perspective and under high 
penetration level of variable energy sources. The technological 
advances make it possible to carry out an hourly (or generally a 
more frequent) network reconfiguration. This provides a key 
flexibility option that can partly help to counterbalance the 
fluctuations in vRESs, and increase their efficient utilization. 
All this is widely covered in the current work.  

The main contributions of this paper are the following: 

• The stochastic MILP operational model for dynamic 
reconfiguration problem of distribution networks in 
the presence of variable renewable and other 
distributed energy resources; 

• The extensive analysis made with regards to the 
economic and technical benefits of dynamic 
reconfiguration, as well as efficient utilization of 
intermittent power sources. 

The remainder of this paper is organized as follows. Section 
III presents mathematical details of the developed model. 
Numerical results are discussed in Section IV. The last section 
concludes the paper.  

III. MATHEMATICAL FORMULATION 

A. Objective Function 

The objective of the formulated DNR problem is to 
minimize the sum of relevant cost terms, namely, switching 
costs ܹܵܥ, expected costs of operation ܶܥܧ, emissions ܶܥ݅݉ܧ and unserved power ܶܥܵܰܧ in the system as: 



 

ܥܶ	݁ݖ݅݉݅݊݅ܯ = ܥܹܵ + ܥܧܶ + ܥܵܰܧܶ + (1) ܥ݅݉ܧܶ

where ܶܥ refers to the total cost. 

 A switching cost is incurred when the status of a given line 
changes from 0 (open) to 1 (closed) or from 1 (closed) to 0 
(open). This leads to the absolute value of a difference in 
successive switching variables. In order to linearly represent 
such a module, two non-negative auxiliary variables ݕ௟,௛ା  and ݕ௟,௛ି are introduced. Thus, ܹܵܥ can be expressed as a function 
of the sum of these variables: ܹܵܥ = ෍ ෍ ܵ ௟ܹ ∗ ൫ݕ௟,௛ା + ௟,௛ି൯௛∈ఆ೓௟∈ఆ೗ݕ  (2)

where ݔ௟,௛ − ௟,௛ିଵݔ	 = ௟,௛ାݕ	 ;௟,௛ିݕ	− ௟,௛ାݕ	 ≥ ௟,௛ିݕ	;0 ≥ ௟,଴ݔ (3) 0 = 1;	∀݈ ∈ Ωଵ	ܽ݊݀	ݔ௟,଴ = 0;	∀݈ ∈ Ω଴ 
 

(4) 

As stated earlier, TEC is given by the sum of the cost of 
power produced by DGs, discharged from energy storage 
systems (ESSs) and imported from upstream as in (5). ܶܥܧ = ஽ீܥܧ ாௌܥܧ	+ ௌௌ (5)ܥܧ	+

where each term in (5) is calculated as: ܥܧ஽ீ = 	 ෍ ௦௦∈ఆೞߩ 	 ෍ ෍ ௚ܥܱ ௚ܲ,௡,௦,௛஽ீ௚∈ఆ೒௛∈ఆ೓  (6) 

ாௌܥܧ = 	 ෍ ௦௦∈ఆೞߩ 	 ෍ ෍ ௘௦ߣ ௘ܲ௦,௡,௦,௛ௗ௖௛௘௦∈ఆ೐ೞ௛∈ఆ೓  (7) 

ௌௌܥܧ = 	 ෍ ௦௦∈ఆೞߩ 	 ෍ ෍ ௛చߣ çܲ,௦,௛ௌௌచ∈ఆഒ௛∈ఆ೓ 									 (8) 

The cost of load shedding TENSC is determined as:  ܶܥܵܰܧ	 = 	 ෍ ௦௦∈ఆೞߩ 	 ෍ ෍ (߭௦,௛௉ ௡ܲ,௦,௛ேௌ + ߭௦,௛ொ ܳ௡,௦,௛ேௌ )௡∈ఆ೙௛∈ఆ೓  (9) 

where ߭௦,௛௉  and ߭௦,௛ொ  are penalty parameters corresponding to 
active and reactive power demand curtailment.  

Equation (10) represents the total expected emission cost as 
a result of power production using DGs and imported power. ܶܥ݅݉ܧ = ஽ீܥ݅݉ܧ	 + ௌௌ (10)ܥ݅݉ܧ

where each of the terms in (10) are determined by: ܥ݅݉ܧ஽ீ = 	 ෍ ௦௦∈ఆೞߩ 	 ෍ ෍ ෍ ௚஽ீܴܧ஼ைమߣ ௚ܲ,௡,௦,௛஽ீ௡∈ఆ೙௚∈ఆ೒௛∈ఆ೓  (11) 

ௌௌܥ݅݉ܧ = 	 ෍ ௦௦∈ఆೞߩ 	 ෍ ෍ ෍ చௌௌܴܧ஼ைమߣ చܲ,௦,௛ௌௌ௡∈ఆ೙చ∈ఆഒ௛∈ఆ೓  (12) 

B. Constraints 

According to Kirchhoff’s law, the sum of all incoming 
flows to a node should be equal to the sum of all outgoing 
flows. This constraint applies to both active (13) and reactive 
(14) power flows, and should be respected all the time: 

෍ ௚ܲ,௡,௦,௛஽ீ௚∈ఆ೒ + ෍ ൫ ௘ܲ௦,௡,௦,௛ௗ௖௛ − ௘ܲ௦,௡,௦,௛௖௛ ൯ + చܲ,௦,௛ௌௌ௘௦∈ఆ೐ೞ+ 	 ௡ܲ,௦,௛ேௌ + ෍ ௟ܲ,௦,௛௜௡,௟∈ఆ೗ − ෍ ௟ܲ,௦,௛ =	௢௨௧,௟∈ఆ೗ +௦,௛௡ܦܲ ෍ ௟,௦,௛௜௡,௟∈ఆ೗ܮ12ܲ + ෍ ௟,௦,௛௢௨௧,௟∈ఆ೗ܮ12ܲ 	 ; ∀߫߳Ωచ;	∀߫߳݊; ݈߳݊ 

(13) 

෍ ܳ௚,௡,௦,௛஽ீ௚∈ఆ೒ + ܳ௖,௡,௦,௛௖ + ܳచ,௦,௛ௌௌ +	ܳ௡,௦,௛ேௌ + ෍ ௟ܳ,௦,௛௜௡,௟∈ఆ೗− ෍ ௟ܳ,௦,௛ =	௢௨௧,௟∈ఆ೗ ௦,௛௡ܦܳ + ෍ +௟,௦,௛௜௡,௟∈ఆ೗ܮ12ܳ ෍ ௟,௦,௛௢௨௧,௟∈ఆ೗ܮ12ܳ ; ∀߫߳Ωచ; ∀߫߳݊; ݈߳݊ 

(14) 

The well-known AC power flow equations (which are 
naturally complex. nonlinear and non-convex functions of 
voltages and angles) are linearized according to [22]. The 
linearized active and reactive flows in a line are given by the 
disjunctive inequalities in (15) and (16), respectively. ห ௟ܲ,௦,௛ − ൫ ௡ܸ௢௠൫∆ ௡ܸ,௦,௛ − ∆ ௠ܸ,௦,௛൯݃௞ −	 ௡ܸ௢௠ଶ ܾ௞ߠ௟,௦,௛൯ห≤ ܯ ௟ܲ(1 − ௟,௛) (15) หܳ௟,௦,௛ݔ − ൫− ௡ܸ௢௠൫∆ ௡ܸ,௦,௛ − ∆ ௠ܸ,௦,௛൯ܾ௞− ௡ܸ௢௠ଶ ݃௞ߠ௟,௦,௛൯ห ≤ ௟(1ܳܯ − ௟,௛) (16)ݔ

 

where ܯ ௟ܲ  and ܳܯ௟  are sufficiently large disjunctive 
parameters. Moreover, power flows in each line should not 
exceed the maximum transfer capacity, which is enforced by:  

௟ܲ,௦,௛ଶ + ܳ௟,௦,௛ଶ ≤ )௟,௛ݔ ௟ܵ௠௔௫)ଶ								 (17) 

The following constraints are related to the active (18) and 
reactive (19) power losses in a line l. ܲܮ௟,௦,௛ = ܴ௟ ൫ ௟ܲ,௦,௛ଶ 	+	ܳ௟,௦,௛ଶ ൯	/	 ௡ܸ௢௠ଶ ௟,௦,௛ܮܳ (18)  = ௟ܺ ൫ ௟ܲ,௦,௛ଶ 	+ 	ܳ௟,௦,௛ଶ ൯	/	 ௡ܸ௢௠ଶ  (19)

Note that the quadratic flows in (17)—(19) are linearized 
using an SOS2 approach, presented in [23].  

Constraints (20)—(25) represent the energy storage model 
employed in this work. The amount of power charged and 
discharged are limited as in (20) and (21). Constraint (22) 
ensures charging and discharging operations do not happen at 
the same time. The state of charge constraint is given by (23). 
The storage level should always be within the permissible 
range as in (24). Equation (25) sets the initial storage level, and 
makes sure the storage level at the end of the time span is equal 
to the initial level. For sake of simplicity, both ߟ௘௦ௗ௖௛  and ߟ௘௦௖௛ 
are often set equal (as in the current work). 0 ≤ ௘ܲ௦,௡,௦,௛௖௛ ≤ ௘௦,௡,௦,௛௖௛ܫ ௘ܲ௦,௡௛௖௛,௠௔௫ (20) 0 ≤ ௘ܲ௦,௡,௦,௛ௗ௖௛ ≤ ௘௦,௡,௦,௛ௗ௖௛ܫ ௘ܲ௦,௡௖௛,௠௔௫ (21) ܫ௘௦,௡,௦,௛௖௛ + ௘௦,௡,௦,௛ௗ௖௛ܫ 	≤ ௘௦,௡,௦,௛ܧ (22) 1 = ௘௦,௡,௦,௛ିଵܧ + ௘௦௖௛ߟ ௘ܲ௦,௡,௦,௛௖௛ − ௘ܲ௦,௡,௦,௛ௗ௖௛  ௘௦ௗ௖௛ (23)ߟ/



 

௘௦,௡௠௜௡ܧ 	≤ ௘௦,௡,௦,௛ܧ	 	≤ ௘௦,௡,௦,௛଴ܧ ௘௦,௡௠௔௫ (24)ܧ 	= ௘௦,௡,௦,௛ଶସܧ		;௘௦,௡௠௔௫ܧ௘௦ߤ 	= ௘௦,௡௠௔௫ܧ௘௦ߤ  (25)

Equations (26) and (27) impose the active and reactive 
power limits of DGs, respectively. 

௚ܲ,௡,௦,௛஽ீ,௠௜௡ 	≤ 	 ௚ܲ,௡,௦,௛஽ீ ≤ ௚ܲ,௡,௦,௛஽ீ,௠௔௫ (26) − tan ቀܿିݏ݋ଵ൫݌ ௚݂൯ቁ	 ௚ܲ,௡,௦,௛஽ீ 	≤ ܳ௚,௡,௦,௛஽ீ≤ tan ቀܿିݏ݋ଵ൫݌ ௚݂൯ቁ	 ௚ܲ,௡,௦,௛஽ீ  
(27) 

The reactive power supplied by switchable capacitor banks 
(SCBs) is limited by inequality (28): 0	 ≤ 	ܳ௖,௡,௦,௛௖ ≤ 	ܳ௖,௡,௦,௛௖,଴  ௖,௡,௛ (28)ݔ

For stability reasons, the reactive power at the substation is 
subject to bounds as: − tan൫ܿିݏ݋ଵ(݌ ௦݂௦)൯	 చܲ,௦,௛ௌௌ ≤ 	ܳచ,௦,௛ௌௌ ≤tan൫ܿିݏ݋ଵ(݌ ௦݂௦)൯	 చܲ,௦,௛ௌௌ . 

(29) 

In addition, distribution networks are normally operated in 
a radial configuration. Hence, in addition to the aforementioned 
ones, the radiality constraints in [16] are added to the model in 
this paper. Furthermore, it should be noted that, in (15) and 
(16), the angle difference ߠ௟,௦,௛ is defined as  ߠ௟,௦,௛ = ௡,௦,௛ߠ  .௠,௦,௛ where n and m correspond to the same line lߠ−

IV. NUMERICAL RESULTS AND DISCUSSIONS 

A. Data and Assumptions 

A standard IEEE 41-bus test system, shown in Fig. 1, is 
employed to test the proposed operational model, and perform 
the technical and economic analysis of DNR. Details of this 
test system and further information can be found in [24]. The 
system has optimally placed distributed energy resources such 
as wind and solar type DGs, ESSs and SCBs as in [24]. The 
only exception is at bus 14, where instead of the optimal DG 
size (3 MW) reported in [24], a 2 MW DG is considered 
throughout this analysis. Fig. 1 shows the locations of the DGs 
and ESSs. The time span considered in this work is a 24-hour 
period, with the possibility of an hourly reconfiguration. The 
range of permissible voltage deviation at each node is ±5% of 
the nominal value. The substation is the reference node, whose 

voltage magnitude and angle are set equal to the nominal value 
and 0, respectively. Further input data considered in this paper 
are as follows. Both charging and discharging efficiencies of 
ESSs is 90%. The power factor at the substation is set constant 
at 0.8 while the power factor of all DG types is considered to 
be 0.95. Electricity prices are assumed to follow the same trend 
as demand, varying between 108 €/ܹܯℎ during peak and 
 ℎ during shallow hours. The emission rate at theܹܯ/€	30
substation is assumed to be 0.4 ܱܥݐଶ݁/ܹܯℎ, and the emission 
rates of solar and wind type DGs are set to 0.0584 and 0.0276 ܱܥݐଶ݁/ܹܯℎ, respectively. The price of emissions is considered 
to be 7 €/ܱܥݐଶ݁.  

The tariffs of solar and wind power generation are set equal 
to 40 and 20 €/ܹܯℎ, respectively. The variable cost of ESSs is 
considered as 5 €/ܹܯℎ. The penalty for unserved power 
(active and reactive alike) is 3000 €/ܹܯ. In addition, the 
power generation profiles of solar and wind type DGs as well 
as the demand profiles are assumed to be uniform throughout 
the system. The uncertainty pertaining to demand, wind and 
solar power outputs are accounted for by considering three 
different scenarios for each uncertain parameter. It should be 
noted that each scenario represents an hourly profile of the 
uncertain parameter under consideration. The combination of 
the individual scenarios (which in this case are 27) form the 
new set of scenarios finally considered for the analysis. 

B. Discussion of Numerical Results 

Four different cases (designated as Case A to D) form part 
and parcel of the extensive analysis carried out in this work. A 
summary of the different cases considered in the analysis is 
shown in Table I. In this table, the control parameters clearly 
distinguish each case. Case A represents the base case, where 
there is no reconfiguration and without any DER connected to 
the system. For this case, the lower bound of voltage is relaxed 
to avoid unrealistically high unserved power (reactive power, 
in particular). In Case B, all DERs (DGs, SCBs and ESSs) are 
connected, but without a dynamic reconfiguration. Case C is 
similar to Case B but now considering DNR. To further 
investigate the impacts of DNR on the system’s performance 
and vRES utilization level, Case D is formed, which is similar 
to the third case but excluding ESSs. 

Table II compares the total cost and average losses for the 
different cases throughout the 24-hours period. As it can be 
seen in this table, Case A has the highest overall cost and losses 

 

Fig. 1. IEEE 41-bus distribution system with new tie-lines (square and 
circle dots represent the locations of ESSs and DGs, respectively) 

TABLE I.  DETAILS OF THE CONSIDERED CASES 

Cases Reconfiguration DGs SCBs ESSs 
A No No No No 
B No Yes Yes Yes 
C Yes Yes Yes Yes 
D Yes Yes Yes No 

TABLE II.  COSTS AND AVERAGE LOSSES FOR EACH CASE 

 Cases 
 A B C D ܶܮܲ 2741.83 2145.09 2179.23 6526.59 (€) ܥ (MW) 0.289 0.092 0.068 0.055 ܳܮ (MVAr) 0.214 0.075 0.056 0.044 



 

as the demand in the system is met only by importing power 
through the substation, which is relatively more expensive than 
local power production using DGs. Note that the losses in 
Table II are average values; depending on system snapshots, 
actual losses can be a lot higher. For example, in Case A, active 
power losses in some operational situations (peak hours) can 
reach as high as approximately 1 MW. In Case B, losses and 
costs are slashed each by more than 67% with respective to the 
values in the base case (i.e. Case A). In Case C, active power 
losses are further reduced by 26% and system costs by about 
2%. Note that the only difference between Case B and C is that 
the former does not consider reconfiguration but the latter does. 
Hence, the further reductions in losses and costs in Case C 
reveal an increased utilization of local power productions (8% 
more than in Case B). This is as a result of the dynamic 
reconfiguration considered in Case C. Clearly, DNR enables 
the system to better manage the variability of vRESs by 
dynamically and optimally changing the topology to match 
various operational situations in comparison to a static 
topology as in Case B. The results of Case D in Table II further 
demonstrate the positive impacts of dynamic reconfiguration. 
In this case, ESSs are deliberately not connected to further 
observe the potential of DNR in scaling up vRES utilization 
while managing well their imminent side effects. Compared to 
Cases B and C, total costs in Case D are understandably higher 
while network losses are surprisingly lower. Yet, the total costs 
and losses in Case D are substantially lower than that of the 
base case (by about 58% and 80%, respectively). The slight 
increase in costs in Case D, in comparison to Cases B and C, is 
rather expected because unlike in Cases B and C, this one does 
not have a mechanism to store excess wind or solar power 
which can be utilized in times of high demand and electricity 
prices. This obviously leads to a higher cost and a lower overall 
efficiency in the system. The fact that losses are lower in Case 
D compared to any other case may be because of the 
nonexistence of extra flows that would pass through certain 
lines to be stored.  

The results of hourly switching operations corresponding to 
Cases C and D are summarized in Table III. Note that all other 
lines that are not shown here do not experience switching 
operations i.e. the statuses of those lines remain 1 throughout 
the day. Generally, this table shows more switching operations 
(in terms of frequency and number of lines “participating” in 
DNR) in Case D than in Case C. This reveals that, in the 
absence of a storage medium, the network system tries to 

efficiently adapt to the continuously changing operational 
situations, with the aim of routing the actual generation to the 
nodes where it is being consumed in real-time.  For example, 
line L44 is always turned on in order to interconnect the 
demand nodes with the RES nodes. Dynamically switching line 
L45 seems to pave the way to easily ship excess power 
productions to the demands connected at either side of this line. 
Line L42 increases the flexibility of partly meeting the demand 
at node 21 and its vicinity by routing local power production 
from the wind reach nodes 29 and 32. Generally, DNR leads to 
a more efficient operation of the system.   

Fig. 2 plots the average voltage profiles in the system for all 
cases. Note that this figure displays only the average values; in 
some operational situations, in the base case, voltage deviations 
at the farthest nodes can be as high as 18%. The voltage profile 
of the base case indicates that the system is highly lossy and 
poorly compensated. As a result, voltages at most of the nodes 
exceed the technically permissible limit (5%). Furthermore, by 
closely studying the voltage profiles in Fig. 2, one can observe 
the dramatic impact of optimally placed DERs (DGs, ESSs and 
SCBs in this case). In addition, the positive contribution of 
DNR in improving the voltage profile in the system is also 
evident in this figure by comparing the profiles corresponding 
to Cases B and C (see the first and the second curves from 
above). Compared to Case B (where a static topology is 
considered), Case C leads to a largely smoother voltage profile, 
and the voltage in every node is closer to the nominal value.  

Generally, the analysis here clearly shows the substantial 
benefits DNR in terms of providing more flexibility to the 
system, which is highly desired to integrate and efficiently 
utilize a large quantity of intermittent power at distribution 
levels. DNR enables the system to better adapt to continuously 
changing situations, and distribute the locally produced 
“cleaner” power to the demand while meeting all technical 
requirements.  

Fig. 3 presents the energy mix corresponding to Case C. 
This shows that more than 90% of the electricity demand in the 
system is met by energy that comes from wind and solar type 
DGs. A small quantity of electricity is imported only during 
valley hours (when the electricity price is low) mainly to  

Fig. 2. Average voltage profiles in the system for different cases 
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TABLE III.  RECONFIGURATION OUTCOME OF A TYPICAL DAY. 

 
Hours with ࢞ࢎ,࢒ = ૙ 

Case C Case D 
Line 20 1—3, 5—7, 9, 22—24  8—10, 13—15, 17, 18, 22—24 
Line 28 none 1, 3, 4 
Line 29 9—21 1—8, 9—16, 24 
Line 32 none 2 
Line 34 all day long off all day long off 
Line 39 8—13, 17, 18, 22—24 8—10, 18, 22—24 
Line 40 none 20, 21 
Line 41 4, 8, 10—21 1—7, 11—12, 16, 19, 21 
Line 42 1—8, 22—24 9, 17—23 
Line 43 all day long off 2, 5—24 
Line 45 1—7, 14—16, 19—21 1—7, 11—17, 19—21 
Line 46 all day long off 1—19, 22—24 
Line 47 all day long off 1, 3—24 



 

charge the ESSs in the system, and during peak hours to meet 
the portion of demand that could not be locally supplied. 

V. CONCLUSIONS 

This paper has proposed a stochastic MILP optimization 
model to investigate the impacts of DNR in the smart grids 
context featuring a significant amount of distributed energy 
resources, particularly, wind and solar type DGs, ESSs and 
reactive power sources. The optimization problem, which is 
based on a linearized AC network model, minimizes the sum of 
the most relevant cost terms subject to a number of technical 
and economic constraints. In a dynamic operation framework, 
the proposed model delivers multiple optimal topologies of the 
existing network system that fits well with the system’s 
varying hourly operational conditions. Numerical results 
generally show that DNR leads to a more efficient utilization of 
renewable type DGs integrated in the system, reduced costs 
and losses, and a substantially improved system performance 
especially the voltage profile in the system. 
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Fig. 3. Energy mix in Case C 
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