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Abstract - According to the definition of Energy Department, demand response is the ability of domestic, 
industrial, and commercial consumers to use electrical energy to modify their consumption patterns at peak 
time to affect the price and reliability of the grid. The power grid voltage static stability could be improved 
to a satisfactory level using the demand response. For this reason, in this research, this device was used to 
improve the static stability of the grid voltage. In order to improve the objective functions, the normal state 
of the grid is considered. Normal mode is considered as the normal state of the grid, which provides the 
grid in its stable state without any failures in equipment. The optimization algorithm in this study is the 
TLBO algorithm. The problem of optimal allocation of demand response programs is solved to achieve the 
best value of the objective function of the grid voltage static stability. The location, the active and reactive 
power for which the best static voltage stability is achieved in the grid, is presented as an optimal response. 
The simulation results showed that the best place for this program to improve the static stability of the grid 
is bus No. 8.  
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Introduction 

With the evolution of the power industry and the formation of the electricity market, the electricity management 
programs faced serious challenges and threats. The extent of applicability of the consumption management 
programs in reconstructed system was questioned and the performing of these programs gradually had lost their 
importance and as a result, the market was considered as a threat for implementation of the consumption 
management. This led to the weakening and lack of implementation of the consumption management programs. 
The lack of implementation of the consumption management programs caused that the electricity market faces 
many problems after many years, that the most important of them was the prices instability and congestion 
emergence in the grid. The market controlling factors rapidly found out that solving the abovementioned problems 
is not possible without the active participation of the consumers in the market, therefore, they searched for methods 
for reusing the electricity consumption management program according to the market activity, so meanwhile, 
persuading the consumer to have active presence in market  would not decrease the market nature. These methods 
were named the demand response by the international energy agency [1]. Demand response (DR) programs are 
used by operators in power networks to maintain system affordability and stability in times of peak demand, peak 
DER generation, or peak electricity price [22].  Actually, the demand response sources could be utilized as the 
reserve source. References [2, 3] have investigated the effect of demand response programs on the spinning 
reserve supply from the two economic and reliability aspects.  

With the presence of consumers in the electricity market, they could be considered as new sources in the power 
system. The presence of consumers in the market will result in the market competitiveness and improvement of 
the market economy. In recent years (after the publication of the Federal Energy Regulatory Commission [FERC] 
report in 2006 [4]), various researches has been carried out about the demand response and its economic and 
technical effects on market and power system that from them, the applied scientific reports of the US Department 
of Energy (DoE) and its energy regulatory commission (FERC) could be mentioned. The important and 
experimental reports of independent agencies of US market systems that are sent to the energy regulation 
committee include the execution experiences of demand response programs in the related markets. Also, the 
important meeting of executive and academic experts that are held in Washington DC monthly and the latest news 
and information presented about the demand response could be pointed out [5].  



In reference [6] the optimum programming of demand response and electric vehicles parking in order to improve 
the reliability of the distribution system have been performed. Also, in reference [7] the effect of demand response 
programs and renewable energy sources on the AC-DC micro grid reliability has been determined. In reference 
[8], the production development program considering the demand response program has been studied. In the study 
done by [18], generating electricity from wastewater through a microbial fuel cell was investigated. In [21], 
Teaching Learning Based Optimization (TLBO) technique was used to find maximum voltage stability and 
minimum power losses during normal and fault cases, and standard IEEE 30-bus test system was used to validate 
the developed algorithm.  

Nowadays, because many power systems function near their voltage stability limits, voltage stability is brought 
as an important issue in modern power systems. Several voltage instability problems have already occurred in 
various points of the world, namely: France, Japan and the United State of America. These failures have attracted 
a great deal of attraction to the voltage instability problem [20]. Voltage stability is defined as the power system 
capability to maintain the acceptable persisting voltages for all the busbars after the occurrence of turbulence 
relative to the primary condition [9, 10]. One of the voltage stability criteria is that in each busbar, when the 
injected reactive power to that busbar increases, the voltage amplitude increases too. But, if the voltage of the 
busbar decreases as the injected reactive power to it increases, then the system gets unstable [11]. The reference 
[12] has studied a large power grid. In reference [13] a new method by utilization of non-linear participation 
coefficient in the power system has been introduced for improving the voltage static stability using the SVC. Also, 
in reference [14] a comparison of improvement capability of the voltage stability for FACTS equipment like SVC 
and STATCOM has been performed. Results of the presented paper represent the performance of the SVC and 
STATCOM equipment for improving the objective functions. Reference [15] studies the improvement of voltage 
static stability in the grid using these FACTS equipment. The results of the simulations of this paper have shown 
that each of these two types of equipment had their expected performance, but as the selection of the better 
equipment, the SSSC equipment had excellence over the CSC equipment in improving the objective function.  

Reference [16] has presented a new probable approach for locating and determining the optimum capacity of some 
FACTS equipment for improving the static voltage profile of a power grid. Reference [17] has presented an 
efficient and evolutionary method for solving the optimal reactive power distribution problem in the grid. The 
results of this paper have been compared and presented with two algorithms of Teaching Learning Based 
Optimization (TLBO) and genetics. Also, in reference [13], the optimum location and capacity of SVC and TCSC 
have been determined for improving the voltage static stability, power losses and voltage profile improvement. 
Therefore, the objectives of this research are to improve the grid voltage static stability by determining the 
optimum location and capacity of the demand response program in the intelligent grid.  

Experimental procedure 

The aim of this research is to improve the voltage static stability by utilization of demand response programs. To 
achieve energy and economic savings by correcting the power factor of the installation, it is necessary to solve an 
optimization problem. There are many optimization algorithms applied to the resolution of engineering problems, 
such as the Genetic Algorithm (GA), Particle Swarm Optimization (PSO), Artificial Bee Colony (ABC), etc [19].  
To perform the optimization, the TLBO algorithm is used. The active and reactive power of utilization of the 
demand response programs follows the Equation (1). SDR means the complex power of utilization of the demand 
response programs that must be considered as at most up to about 10 percent of the busbar demand.  

 
 (1) 

The following figure shows the simulation similar to the previous section. With this difference that the objective 
function is the voltage static stability.  
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Figure 1: The trend of the locating program of the demand response program for improving the voltage static stability using algorithm. The 
TLBO  

The case study grid is feeder number 3 of Abarkuh super distribution post that is shown in Figure (2). The 
specifications of the utilized algorithm are also shown in Table (1). 
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Table 1. The specifications of the utilized TLBO algorithm. 

The number of population members 80 

The number of generation production 100 

Algorithm input 
Location and utilization percentage of the 

demand response program 

Algorithm output 
Optimum location and utilization percentage of 

the demand response program and objective 
functions of the problem 

objective functions Voltage static stability 
 

 
Figure 2. The schematics of the studied feeder.  

Findings 

The problem-solving trend for locating the optimum demand response program for improving the voltage static 
stability is also presented in the research methodology. The input of this program (initial population) is the location 
and demand response program utilization capacity that are in the initial population members and the output of the 
program is also the optimum location and demand response program utilization capacity and the optimum amount 
of the objective function of voltage static stability. The results of the program run are shown in Figure (3) and 
also in Table (2).  

Table 2.The characteristics of the output of the optimization program of voltage static stability objective function using the TLBO algorithm. 

The optimum location 
of the demand 

response program 

The optimum capacity 
of the demand 

response program 

The amount of the voltage 
static stability objective 

function before utilization 
of the demand response 

program 

The amount of the voltage 
static stability objective 
function after utilization 

of demand response 
program 

Bus number 8 10 percent 0.6951 per unit 0.6982 per unit 

 



 
Figure 3.The single objective TLBO algorithm output versus the voltage static stability objective function. 

As could be seen in Table (2), the utilization of the demand response program could improve the voltage static 
stability of the grid. The best bus for utilization of this program is bus No. 14 and the best utilization capacity of 
this program was obtained to be about 10 percent of the busbar No. 14. The amount of the voltage static stability 
of the grid was improved for about 0.0031 per unit. Therefore, using the simulation of this section, it was proved 
that the demand response program is capable of improving the grid voltage static stability.  

There was logical reasoning for this subject. Utilization of the demand response program in bus No. 8 of the grid 
means the demand decrease of this busbar. With the demand decrease of the busbar, the demand-bearing of the 
grid will certainly increase, because the grid demand has decreased. Therefore, since the voltage static stability 
improvement is equal to grid demand-bearing improvement, the demand response program will certainly result in 
the improvement of the grid voltage static stability.  

Also, by utilization of the demand response program, the current passing the grid grids for feeding the existing 
demand in this busbar will decrease and as a result, the voltage drop in this lines will decrease and the voltage 
collapse probability will decrease that this itself means the grid demand-bearing improvement and voltage static 
stability improvement. Therefore, as expected, the simulations also confirmed that the demand response program 
is effective in grid voltage static stability improvement.  

Conclusion 

The problem of optimum assignment of demand response program to reach the best objective function value of 
the voltage static stability in the grid has been solved. Location, active and reactive powers that for them the best 
voltage static stability in the grid will be obtained is introduced as the optimum response.  

In his research, the optimum location and capacity of the demand response program for improving the technical 
indexes of the power system like grid voltage static stability were studied. The results of the simulation showed 
that the best place for this program for improving the grid voltage static stability is bus No. 8. According to the 
wide range of work in locating the demand response program and other compensation equipment in the grid, in 
order to improve the power system parameters, the bases for future study in this field is possible. Therefore, here 
are some suggestions for more studies in this context.  

 Because in this research, only the grid demand peak was considered for locating the demand response 
program for voltage static stability, the demand uncertainty, which is the consideration of the demand 
variation during day and night and various seasons of the year, could be considered.  

 Besides the demand uncertainty, the grid production uncertainty could also be considered for more 
realistic simulations conditions. Also, the grid grids correct function uncertainty is amongst the other 
uncertainties that should be considered in the studies. 

 

 

 



References 

[1] IEA (2004-2009) Strategic plan for the IEA demand-side management program 2004-2009, Available athttp://www.iea.org.  
[2] D Wang, S Parkinson, W Miao, H Jia, CCrawford, N Djilali (2013) Hierarchical market integration of responsive demands as spinning 

reserve. Appl Energy 104:229-236. 
[3] G Liu, K Tomsovic (2014)A full demand response model in co-optimized energy and reserve market.ELECTR POW SYST RES 111: 

62-70. 
[4] Federal Energy Regulatory Commission Staff (2006-2009) Assessment of demand response and advanced metering, Federal Energy 

Regulatory Commission, FERC.  
[5] Aalami Habibollah (2010) Modeling of Demand Response programs based on the price elasticity of demand, Ph.D. thesis, Under the 

supervision of Dr. Parsa Moghadam, Tarbiat Modares University, Spring. 
[6] S Pazouki, A Mohsenzadeh, M R Haghifam (2014) Optimal planning of parking lots and DLC programs of Demand Response for 

enhancing distribution networks reliability. IEEE Pes General Meeting Conference & Exposition 1-5. 
[7] P Baboli, M P Moghaddam, M R Haghifam, M Shafie-khah(2014) Serving flexible reliability in hybrid AC-DC microgrid using demand 

response and renewable energy resources, PSCC 1-7. 
[8] Samadi Mahdi, Javidi Mohammad Hossein (2012) Dynamic Modeling of Investment on Generation Expansion Planning Considering 

Demand Response. Iranian Electric Industry Journal of Quality and Productivity, Year 1, No. 2. 
[9] P Kundur, J Paserba, V Ajjarapu, G Anderson, A Bose, C A Canizares (2004) Definition and Classification of Power System Stability. 

IEEE Trans. Power Syst 19(2):1387-1401. 
[10] R J Avalos, C ACanizares, F Milano, A J Conejo (2009) Equivalency of Continuation and Optimization Methods to Determine Saddle-

node and Limit-induced Bifurcations in Power Systems, IEEE Trans. Circuits and Systems–I: Fundamental Theory and Applications 56: 
210-223. 

[11] M Moghavvemi, F M Omar (1998) A Line Outage Study for Prediction of Static Voltage Collapse, IEEE Power Eng Rev, Kuala Lumpur, 
Malaysia 18: 52-54. 

[12] J M Seppanen (2014) Modal analysis of power systems through natural excitation technique,” IEEE Trans on Power Systems, 29: 1642-
1652. 

[13] Z Tashman (2014) Modal energy trading for ringdown analysis in power systems using synchrophasors, Hawaii International Conference 
on System Sciences 2475-2482. 

[14] F Larki, M Joorabian, H Meshgin Kelk, M Pishvaei (2010) Voltage stability evaluation of the Khouzestan power system in Iran using 
CPF method and modal analysis. Power and Energy Engineering Conference, Ahvaz, Iran  1-5. 

[15] E E El-Araby, N Yorino, H Sasaki (2002) A Comprehensive Approach for FACTS Devices Optimal Allocation to mitigate Voltage 
Collapse, IEEE Transmission and Distribution Conference and Exhibition, Japan 1: 62-67. 

[16] S O Faried, R Billinton, S Aboreshaid (2009) Probabilistic Technique for Sizing FACTS Devices for Steady-State Voltage Profile 
Enhancement, IET Generation, Transmission and Distribution 3: 385-392. 

[17] N Boonpirom, K Paitoonwattanakij (2005) Static voltage stability enhancement using FACTS, IEEE International Power Engineering 
Conference, Bangkok 2: 711-715. 

[18] Kawale H D, Ranveer A C, Chavan A R(2017) Electricity generation from wastewater using a microbial fuel cell by using mixed 
bacterial culture.J  Biochem Tech 8(2): 1123-1127. 

[19] Ortega A C, Sánchez Sutil, F J,  Hernández  J D C (2019)Power Factor Compensation Using Teaching Learning Based Optimization 
and Monitoring System by Cloud Data Logger. Sensors 19, 2172: 23 pages. doi:10.3390/s19092172.  

[20] Shadmesgaran M R, Hashimov A M, Rahmanov N R, Kerimov O Z, Mustafayeva I I(2017) Technical analysis of demand response 
program and facts devices implementation using multi-objective optimization. IJTPE 32 (9), No. 3:21-29.  

[21] Awad A, Salah K, Abd el-sattar Salma, Francisco J (2017) Voltage stability maximization of power system using TLBO optimizer and 
NEPLAN software. doi: 10.1109/MEPCON.2017.8301322. 

[22] Ponds K T,  Arefi A, Sayigh A, Ledwich G (2018) Aggregator of Demand Response for Renewable Integration and Customer 
Engagement: Strengths, Weaknesses, Opportunities, and Threats. Energies 11, 2391: 20 pages. doi: 10.3390/en11092391.  


