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Abstract: Nowadays, population growth and the electrical load demand on the one hand and rising cost of energy generation 

on the other hand have led to raises reducing the losses in distribution networks as a serious challenge. According to studies, 

smart grid is posed as the most important applicable solution to eliminate these problems. The purpose of this paper is to examine 

the impact of communication and information technologies and new control capabilities in smart grids for reducing distribution 

network dissipations. In this study, a new formulation and an optimal load flow algorithm are used to reduce losses in the smart 

distribution network. Optimal load flow for a 69-bus IEEE network as well as the installation of the smart network facilities are 

implemented in the MATLAB and GAMS software and the results show that distribution network losses are greatly reduced. 

Keywords: Smart Network, Control Centers, Losses Reduction, Optimal Load Flow 

 

1. Introduction 

Increasing needs of electric power supply has made the 

transmission and distribution lines capacity insufficient in 

responding to the needs. Since the construction of new power 

plants and new transmission and distribution lines are not 

economically viable, power industry has been forced to cope 

with their problems by adding power, telecommunication and 

information technologies and new control features to 

networks and or in other words smart distribution transmission 

networks [1]. 

The different components of a distribution grid are shown in 

Figure 1. As it can be seen, most important infrastructures of 

distribution network include: distribution substations, control 

and protection devices, distributed energy resources, smart 

sensors and measurement devices and control center. Control 

center will be able to use telecommunications networks and 

interface equipment which has capabilities such as control, 

monitoring, protection, etc. receive information at each instant 

from various network components and issue desired control 

commands to them [2-9]. 

Also, the internal network components may also have some 

connections to control devices, regulating equipment, 

coordination between the substations, protection and control 

of sensors between themselves. Control centers of 

transmission and distribution networks have ability to 

exchange information between each other.  

As it can be seen, by advancing power network structure 

and evolution in its nature, the necessity of control methods 

and new tools for network designing and analysis is revealed 

more than ever.  

 

Figure 1. Different components of a smart distribution network[1] 

Several research studies [10-16], optimal load flow 

algorithms for distribution networks are presented in order to 

reduce power losses and improve the voltage profile where the 
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presence of physical network components such as dispersed 

generations and controllers based on power electronics 

devices are addressed.  

In this paper, a new algorithm is presented for optimal load 

flow that can determine the favorable conditions to exploit a 

smart network with all its new features, including the presence 

of ICT systems. In this algorithm, role of distribution and 

transmission control centers is very significant. In this 

formulation, the active and reactive powers of transmission 

network loads, that can be smart distribution networks 

themselves and exchange power with transmission network 

bi-directionally, are considered as control and state variables 

which determine their values control center. In fact, a series for 

the new control and state variables for formulations related to 

optimal load flow is introduced that determines their values 

control centers immediately. 
The presented algorithm is implemented for an IEEE 69-bus 

network in which smart network equipment are installed which 

its results show reduction in the network power losses. 

2. The Optimal Load Flow Formulation 

in a Smart Grid 

The optimal load flow formulation in a smart network will 

be according to equations 1 through 3: 

),,,(, sssu uxuxcobjMin            (1) 
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Where Cobj is the objective function, x is the state variable 

vector in a traditional network, xs state variable vector in the 

smart network, u the control variable vector in the traditional 

network and us control variable vector in the traditional 

network and smart network. In fact, the control and state 

variables are divided into two categories, first are control 

variables and traditional network state (x,u) whose values are 

determined according to the conventional characteristics of 

the power networks. The second are the control and state 

variables related to the smart network (us, xs) whose values 

are determined by smart control centers through real-time 

received data from operators immediately. 

2.1. Introducing the Objective Functions 

The objective function we have considered in the 

distribution network is minimizing the total lines losses. 
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So that Pl is active power losses in Lth line and L is 

number of lines. But the active power losses in each 

distribution lines are derived according to Equation 5.  

If we consider a part of the distribution network like 

Figure 2, that power flowing from bus i to the line is (Si = Pi 

+ jQi) and received power at bus j equals (Sj=Pj+jQji) and 

amount and angle of voltages in source and destination buses, 

respectively, from iδ و   vi   و jδ و   vj, We have: 
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The active power losses between buses i and j, r (i, j) is the 

resistance between buses i and j, Vj is voltage at bus j and Pj 

and Qj are active and reactive powers at bus j respectively.  

Equality and inequality constraints on the transmission line 

connected to the distribution network according to reference 

[17] and relationships related to the amount and angle of the 

reference voltage have been determined according to [18]. 

 

Figure 2. A part of radial distribution network. 

3. Optimal Load Flow Algorithm in a 

Smart Distribution Network 

 

Figure 3. The optimal load flow algorithm in a smart network. 

In this study, backward and forward sweep method for 

optimal load flow in a smart distribution network is used. 
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Because this method has high operation speed and will be 

appropriate in the smart network whose control center will be 

able to receive real-time data and do optimal load flow in a 

short time to do. The distribution control center determines 

Xs and Us based on received data, again and implements 

optimal load flow in the distribution network. 

If at this step, all the objective functions and constraints 

are met, the results of load flow are sent to the transmission 

and distribution networks operators. Otherwise, Us and Xs 

should be determined by coordination between distributed 

and transmission control centers, again. 

Transmission networks and data distribution operators 

send latest network condition to the control, distribution and 

transmission centers 

By coordination between the control, distribution and 

transmission centers, Xs and Us are determined. 

The control center of the transmission network implements 

optimal load flow algorithm and then it sends results to the 

control and transmission centers 

The control centers of the distribution network update Xs 

and Us and then it implements the load flow algorithm in the 

distribution network. 

4. The Studied Network 

 

Figure 4. 69 buses IEEE radial distribution network that convert to smart 

distribution grid & smart control center could manage system through 

DNO(SM is abbreviate of smart meter).  

The studied network is an IEEE standard 69-bus radial 

distribution network (Figure 4) in which the smart network 

equipment are installed. Including the equipment, smart 

meter (sm) can be noted as well as the load centers.  

Operator of the distribution network will be able to receive 

total real-time data through telecommunication lines which 

are shown by dashed lines and send them to the control 

center for analysis and implement commands issued by the 

control center in the entire network. Also, this distribution 

network has possibility to exchange the power with the 

transmission network in two directions. 

5. Simulation Results 

In this section, the results of the optimal load flow have 

been studied in each of the active distribution networks, in 

four different modes. In the first case, we assume that the 

distribution network is not a distribution network originally 

and can only receive energy from the transmission network. 

In the second case, dispersed generations are installed in a 

distribution networks and the control center allows the 

operator to feed the network as an island. In the third case, 

not only dispersed generations are installed in the distribution 

network, but the distribution network operator can exchange 

energy with the transmission network. The fourth case is 

similar to the third, but the difference is that in the fourth 

case, exchanged power between the transmission network 

and the distribution network is set by the presence of existing 

information and communication technologies in the smart 

networks and coordination between operators and the control 

centers of distribution and transmission networks such that 

The active power losses become minimal in the distribution 

network. The DG capacity installed at bus no.14 is 750 KW 

and the DG capacity installed at bus no.65 is 1.65 MW. 

Optimization in fourth case is possible by virtue of the 

connection between MATLAB and GAMS software.  

MATLAB software transfers loads of flow data to the 

GAMS software and GAMS sets imported energy from 

transmission lines to the distribution network in a way that 

the distribution lines losses will be minimal, according to 

Equation 4. 

GAMS software employs a non-linear programming 

method with discontinuous derivatives in optimization. 

The voltage profile is shown in Figures 5 to 8. As shown in 

Figures 9 and 10, the minimum voltage is in each case as 

follows respectively: 0/913,0/943, 0/95. and 0/945 Pu. And 

the active power losses are 200 kW, 160 kW, 230 kW and 

190 kW respectively. As you can see in the fourth case, in 

presence of the information and communications technology 

systems that have possibility of establishing a bi-directional 

connection between the control and operations centers than 

the third case that because the lack of required technology, 

there was no possibility of the flexibility in the exchanged 

power between the transmission and distribution, distribution 

lines losses has fallen by about 20 percent. 
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Figure 5. The voltage profile of 69-buses IEEE radial distribution system 

(first state)  

 

Figure 6. The voltage profile of 69-buses IEEE radial distribution system 

(second state) 

 

Figure 7. The voltage profile of 69-buses IEEE radial distribution system 

(second state) 

 

Figure 8. The voltage profile of 69-buses IEEE radial distribution system 

(fourth state) 

 

Figure 9. Comparison of the minimum voltage at 4 different cases 

 

Figure 10. Comparison of active power losses in the network at 4 cases in kW  

6. Discussion and Conclusion 

Due to the reason that the conventional electricity network 

structure does not meet the increasing requirement for 

electric energy, the smart network, as an economical solution 

is raised to solve this problem. By advancing network and 

adding infrastructures such as dispersed generation resources, 

smart control centers, information and communication 

technologies and smart meters, more advanced computational 

algorithms are required for load flow control in the network 

to be consistent with the new infrastructures.  
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In this paper, an attempt has been done to show impact of 

control centers of smart transmission and distribution in the 

variables (xs.us), in the optimal load flow formulation. 

Furthermore, an optimal load flow algorithm was presented 

which can contain communication between the smart control 

centers together and with the network operators. In the 

algorithms that have been mentioned in previous sections, the 

presence of the physical components of the smart networks 

such as dispersed generations were considered to lower 

losses, but here, in addition to the physical components, the 

special attention has been made to the presence of the 

information and communication technology systems of the 

smart networks and special. Then the algorithm for a of 

69-bus IEEE standard network was implemented in which all 

smarting network equipment are installed. 

The results showed that the distribution network losses 

have been reduced about 20%. 
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