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Abstract 

Voltage reduction is one of the most common measures implemented to increase power 

reserves in emergency conditions. Since the power consumption of a composite load depends 

on the voltage, the power demand can be reduced by reducing the distribution voltage. 

Although the voltage reduction has a positive effect on power system in terms of securing 

reserve power, it may have a negative impact on the voltage stability in some conditions. 

Thus, it is necessary to analyze the effect of voltage reduction on the voltage stability. This 

paper analyzes the effect of voltage reduction on the voltage stability by performing PV 

analysis in various system conditions, such as base case on light load, heavy load, and 

contingency cases. In addition, we analyzed the effect of the voltage sensitivity characteristic 

of loads on the voltage stability. 
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1. Introduction 

Power utilities have their own operation procedures on for responding to emergency 

conditions [1-5]. In the event of capacity shortage, power utilities implement various control 

actions, such as purchasing emergency energy, voltage reduction, and shedding loads [6-11]. 

Voltage reduction can lower the power demand quickly, and is implemented by the power 

utilities to manage the reliability of the system when power demand exceeds the available 

supply [5]. KPX (Korea Power Exchange), the Korean power system operator, also has a 

five-step procedure to maintain the system reliability in the event of energy shortage. In levels 

2 and 3 of the procedure, KPX reduce the distribution voltage by 2.5% and 5%, respectively, 

by controlling the transformer tap position [12].  

Even though voltage reduction can increase the power reserve in emergencies, critical 

devices can be damaged by low voltage. Moreover, the voltage reduction may result in 

voltage instability in some severe system conditions.  Therefore, the effects on the 

voltage stability should be carefully analyzed before implementing the voltage 

reduction. 

PV analysis is the most common method for steady-state voltage stability assessment, 

and it was used in this study. An IEEE 25 bus benchmark system was used as a test 

system, and the PV analysis was performed with various system conditions, such as a 

light load base case, heavy load base case, and contingency cases. Moreover, to analyze 

the effect of voltage sensitivity characteristics of loads on the voltage stability, we 

repeated the PV analysis for various load ZIP parameters.  

The remainder of the paper is organized as follows. In Section 2, the PV curve is 

explained briefly. In Section 3, the procedure for data preparation and the PV analysis 
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process using PSS/E is described. Section 4 shows the PV analysis results in the light 

load case, and Section 5 shows the results for heavy load and contingency conditions. 

Finally, a conclusion is presented in Section 6. 

 

2. PV Analysis 

Voltage stability is the ability of a power system to maintain acceptable voltages at all 

buses under normal conditions and after disturbances [13-14]. One of the most common 

methods to analyze the voltage stability is PV analysis. The PV curve can be illustrated 

by considering the two-terminal network of Figure 1(a). It consists of a constant voltage 

source (Es) supplying a load (ZLD) through a series impedance (ZLN). When phasor of Es 

and line parameters are constant, the load demand is increased by decreasing ZLD. The 

power transfer (PR) increases rapidly at first and then slowly before reaching a 

maximum (ZLD/ZLN = 1), after which it rapidly decreases. Eventually, if the load is 

increased beyond the maximum transfer power, this power system will become 

unstable, which causes voltage collapse. 
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Figure 1. (a) Two-bus system and (b) Receiving end voltage, current, and 
power as a function of load demand 

 

Equations (1-4) show the relationship among the VR, I, PR in Figure 1(a) [14-16]. Figure 1(b) 

shows the relationship between transfer power and per unit voltage at the receiving end [14, 

16-18]. 
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Generally, voltage stability is usually assessed by the distance (in per unit transfer 

power) between the operating point on the PV curve and the limit of the same curve. 

Thus, in terms of voltage stability, a system is said to be more stable as the transfer 

power can be increased further [14, 19-22]. 

 

3. PV Analysis Using PSS/E 

3.1. Modified data in benchmark system 

The IEEE 25 bus system provided in the PSS/E is used as a test system. This system consists 

of transmission lines operating at 230kV or 138kV. In the original PSS/E data, load models 

are assumed to be directly connected to the transmission system. However, in an actual 

system, loads are connected to the system through the distribution line. To analyze the effect 

of distribution voltage reduction, we need to modify the parameters of the benchmark system 

data. Firstly, we need to add the distribution voltage buses where the loads are actually 

connected. We used the “Split Bus” function in PSS/E, which separates the existing 

transmission bus into the transmission bus and 23kV distribution bus, and then loads are 

connected to the modified distribution system. After that, 17 two-winding transformers are 

connected between 17 new distribution buses and existing transmission buses. 

 

3.2. PV analysis procedures 

All load of the given system data have constant power (P, Q) characteristics in the 

base case of the benchmark system in PSS/E, and the tap ratio of transformer has been 

set to 1.0. The PV analysis procedure to analyze the effect of voltage reduction 

according to the voltage sensitivity characteristic of the loads is as follows [23].  

- Step 1: Set the load voltage sensitivity characteristic by changing the ZIP parameter of the 

data. 

- Step 2: Change the tap ratio of all load-connected transformers to 0.9. 

- Step 3: Perform the power flow using the modified system data. 

- Step 4: Perform the PV analysis. 

- Step 5: Repeat the steps 2 to 4, for different tap ratio settings; 0.95, 1.0, 1.05, and 1.1. 
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4. PV Analysis in Base Case of Light Load 
 

4.1. Effect of transformer tap ratio 

Figure 2 shows the results of the PV analysis in the base case of light load according 

to changes of the tap ratio. In this test, the ZIP parameter of the loads was set as ZIP = 

0.4:0.4:0.2. In Figure 2, five graphs show the PV analysis results for different tap 

ratios, where the x-axis represents the incremental transfer power in MW, and the y-

axis represents the per unit voltage at the receiving end. The results show that the 

maximum transfer power is increased as the tap ratio decreases. In other words, the 

voltage stability margin increases as the distribution voltage is reduced.  

 

 

Figure 2. Results of the PV analysis according to tap ratio 
 

4.2. Effect of load characteristics 

 

When all of the load bus voltages are changed by ∆V, the load variation (∆P) can be 

calculated approximately using equation (5) [24]. 

     VIZPP  )2(0    (5) 

The load variation according to voltage variation is nearly proportional to the value of 

2Z+I according to equation (5). Therefore, the value 2Z+I represents the voltage 

sensitivity of the load. Thus, in order to analyze the effect of the voltage sensitivity 

characteristic of the load on the voltage stability, we conducted a PV analysis for the 

following three cases. In the first two cases, the values of 2Z+I are 0.9, while the last 

case has a value of the 1.3.  

Table 1 summarizes the results. For all three cases, both the maximum incremental 

transfer power (Pcp) and the voltage at critical point (Vcp) decrease as the tap ratio 

increases from 0.9 to 1.1. This means that the voltage stability margin increases as the 

distribution voltage is reduced, regardless of the voltage sensitivity characteristics of 

the loads. The results of cases 1 and 2 are almost the same, with a small difference in 

Vcp, while case 3 shows quite different results. It can be concluded that if the voltage 

sensitivity characteristics are the same, the effects of voltage reduction on voltage 

stability are also the same. 
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Table 1.  The results of PV analysis according to load characteristics 

 Case 1:  

ZIP=0.3:0.3:0.4 

Case 2:  

ZIP=0.4:0.1:0.5 

Case 3: 

ZIP=0.4:0.5:0.1 

Tap Pcp(MW) Vcp(pu) Pcp(MW) Vcp(pu) Pcp(MW) Vcp(pu) 

0.90 806.250 0.914 806.250 0.912 821.875 0.912 

0.95 793.750 0.904 793.750 0.903 809.375 0.911 

1.00 775.000 0.900 775.000 0.900 790.625 0.890 

1.05 756.250 0.889 756.250 0.890 768.750 0.879 

1.10 737.500 0.873 737.500 0.874 742.359 0.864 

 

 

 

Figure 3. Relationship between voltage sensitivity characteristics and 
maximum incremental transfer power 

 

In addition, in order to analyze the voltage stability according to a variety of voltage 

sensitivity characteristics, we conducted PV analysis for 13 different. The 2Z+I values 

in the 13 cases are increasing by 0.1. We repeated the same simulation for the tap ratios 

of 0.9 and 0.95. Figure 3 illustrates the results. Firstly, for all 2Z+I values, the 

maximum incremental transfer power for a tap ratio of 0.9 is always larger than that for 

a tap ratio of 0.95. Secondly, for both tap ratios, the maximum incremental transfer  

power is increased as the voltage sensitivity value (2Z+I) increases. 

 

5. PV Analysis in Heavy Load and Critical Contingency Case 

Usually, voltage reduction is conducted when the power reserve is insufficient due to heavy 

loads or when a critical fault occurs in a system. Therefore, to analyze the effect of voltage 

reduction on the stability in such cases, we performed the PV analysis in heavy load 

conditions and some critical contingency cases. In the heavy load conditions, the power 

demand is increased to 4,410MW, which is a 25% increase from the base case with light load, 

and the power reserve is 4.54% in this condition. 

To analyze the effect of load characteristics, we considered the following three cases. 

 

- Case 1: ZIP =    0.1 : 0.1  : 0.8, 

- Case 2: ZIP =    0.4 : 0.4  : 0.2, 

- Case 3: ZIP =   -0.1 : -0.1 : 1.2. 
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Table 2. PV analysis results of case 1 

Case 1: ZIP = 0.1 : 0.1: 0.8 

CASE MAX.INCR.TRANS 

TAP 0.9 0.95 1.0 1.05 1.1 

BASE CASE 768.75 760.94 752.34 742.97 732.81 

CON 01 619.53 0 0 0 0 

CON 02 662.72 655.47 649.22 642.19 633.59 

CON 03 739.84 726.56 712.50 684.38 656.25 

CON 04 801.56 791.41 781.25 769.53 757.03 

CON 05 632.81 626.56 618.75 610.94 602.34 

CON 06 760.94 752.34 743.75 733.59 722.66 

CON 07 564.84 0 0 0 0 

 

Table 3. PV analysis results of case 2 

Case 2: ZIP = 0.4 : 0.4: 0.2 

CASE MAX.INCR.TRANS 

TAP 0.9 0.95 1.0 1.05 1.1 

BASE CASE 818.75 805.47 788.28 767.19 739.06 

CON 01 751.56 739.06 723.44 703.13 679.69 

CON 02 691.41 682.81 670.31 653.91 633.59 

CON 03 809.38 796.06 778.91 758.59 735.16 

CON 04 854.69 837.50 816.41 790.63 756.25 

CON 05 668.75 655.47 639.84 621.09 600.00 

CON 06 813.28 799.22 781.25 760.16 734.38 

CON 07 699.22 679.69 654.69 621.09 0 

 

Table 4. PV analysis results of case 3 

Case 3: ZIP = - 0.1 : - 0.1: 1.2 

CASE MAX.INCR.TRANS 

TAP 0.9 0.95 1.0 1.05 1.1 

BASE CASE 649.22 670.31 690.63 709.38 726.56 

CON 01 0 0 0 0 0 

CON 02 578.13 596.09 611.72 625.78 638.28 

CON 03 0 0 0 0 290.63 

CON 04 679.69 706.25 729.69 750.78 770.31 

CON 05 550.78 567.97 583.59 598.44 611.72 

CON 06 630.47 654.69 677.34 696.88 715.63 

CON 07 0 0 0 0 0 
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In case 1, the constant power characteristic is dominant, while constant current and 

impedance characteristics are higher in case 2. Case 3 does not exist in the actual load. This 

virtual load characteristic parameter is chosen to analyze the impact of unusual load 

characteristics, such as when the power demand increases when the voltage is reduced.  

Tables 2 to 4 show the PV analysis results for cases 1 to 3, respectively. In cases 1 and 2, 

the more the tap ratio decreases, the more the maximum incremental transfer power increases. 

This result is the same as that of the base case with light load. Comparing cases 1 and 2, 

maximum incremental transfer power of case 2 is always larger than that of case 1 for the 

same simulation settings. Moreover, in some conditions, such as with tap ratios of 0.95 to 

1.05 for contingency 7, the power flow does not converge in case 1, whereas case 2 has the 

solution. This is because the load is more sensitive to the voltage in case 2. In other words, 

the amount of power reduction in case 2 is larger than in case 1. In case 3, in contrast to the 

previous two cases, the maximum incremental transfer power decreased as the tap ratio 

decreased, as shown in Table 4. This is because that we assumed an unusual load 

characteristic, such that loads increase when voltage decreases.  

The results demonstrate that a reduction in the voltage has a positive impact on the voltage 

stability of the power system in heavy load and critical contingency conditions. 

 

6. Conclusion 

PV analysis was performed to analyze the impact of voltage reduction on voltage stability 

in an emergency case. The simulation procedures and the process to modify the data were 

explained. The impact of voltage reduction on voltage stability was analyzed in a variety of 

system conditions and load characteristics. The PV analysis results show that the voltage 

stability margin was increased when voltage reduction was implemented in all conditions, 

except for unusual load characteristics. It is concluded that voltage reduction does not cause 

adverse effects, but instead contributes to improving the voltage stability. 
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