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 In the pursuit of attaining energy efficiency, administrators must delve 

deeply into the electrical system of a facility, especially if it is an old 

structure. As years go by, renovations and the addition of new equipment 

may lead to an imbalance in the electrical system. These imbalances may 

lead to inefficiencies, contributing to damage to equipment. This study 

aimed to investigate the electrical system of a university building by 

determining whether the percent current and voltage unbalance values in the 

system meet the standards. For non-conforming electrical branches, re-

phasing schemes were proposed. Data revealed that the majority of the 

panelboards in the building have voltage imbalances that are within the 

allowable limit, while there is a considerable number of panelboards with 

above-the-minimum current unbalance value. The original configurations of 

some panelboards were retained to avoid further increase in the percentage 

of current imbalance associated with re-phasing. Merging certain 

panelboards, however, resulted in a reduction of current imbalances within 

the acceptable limit. If the re-phasing and merging of loads are to be 

implemented, a cost-benefit analysis and a study on the improvements in 

energy efficiency may be considered for further research. 
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1. INTRODUCTION 

Fifty-five percent of the global electricity comes from the building sectors [1]. It is expected to rise, 

especially in developing countries, as the global floor area is increasing exponentially. Additionally, 

consumers are buying more air conditioners and other appliances [2]. To compensate for the high demand, 

building administrators employ some form of passive or active energy efficiency measure [3]. Active energy 

efficiency includes savings obtained through measuring, monitoring, and controlling a building’s energy 

usage [4]. Meanwhile, buildings with passive energy efficiency measures consider building envelopes [5]. 

Aside from the typical energy efficiency measures, there could be potential by looking at the distribution of 

electrical loads in the building. Issues in the electrical system arise when the load distribution becomes 

uneven [6]. Usually, it is a result of the changes in the electrical requirements in the building as years go by. 

One of the reasons is that the building may be used differently than originally intended [7]. Loads in a public 

building are single-phase in nature and connected in a three-phase system. This action is preferred since a 

three-phase power supply can provide three times more power than a single-phase power supply while 

requiring only one additional wire [8]. If there are multiple loads, they should be equally distributed among 

https://creativecommons.org/licenses/by-sa/4.0/
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the phases, i.e., each line should carry the same amount of load. Electrical parameters like voltages, currents, 

etc., in all three phases should be identical. Otherwise, the circuit is classified as unbalanced [9]. Voltage 

imbalances and current imbalances both impact motors [10]-[12]. The two are related in such a way that 

voltage unbalance can create a value of current unbalance 6 to 10 times the voltage unbalance’s magnitude 

[13]. The increase is approximately twice the square of the percentage of voltage unbalance [14]. Significant 

findings must be corrected as power losses increase with increasing degrees of unbalance in the system [15].  

To mitigate these effects, it is necessary to check whether the percent voltage and the current 

unbalance still meet the prescribed standards. The former is expressed in percentages, where the maximum 

deviation from the average of the three-phase voltages is divided by the average of the three-phase voltage, 

expressed in percent [16]. In other words, it is the deviation of individual phase voltage magnitudes from the 

nominal values. Computation of current unbalance also follows the same process. Usually, the most common 

reason for unbalanced operation in distribution systems is the single-phase loading. In general, these 

unbalances can be corrected by load balancing [17]-[19], also known as, phase balancing [20], [21]. It is a 

technique that can be done by phase swapping or phase re-sequencing and load re-phasing. 

A university building in the Philippines experiences a similar case of load imbalance. The said 

infrastructure is about 50 years old and has been subjected to several renovations. There were also upgrades 

in the electrical equipment throughout the years, such as the addition of air-conditioning units and the 

installation of sophisticated laboratory equipment. In this context, the old building needs to be assessed 

whether its electrical system is still in accordance with standards in terms of acceptable current and voltage 

imbalances. 

The main goal of the study is to provide a basis for the administrators of the university for the 

upkeep of the said building as part of its advocacy for energy efficiency. Through a walk-in survey, the 

researchers aimed to conduct measurements of voltage and current in the main line and branch circuits. After 

the survey, the current and voltage imbalances in each panel were computed and compared with existing 

standards. Based on the findings, the researcher provided a re-phasing scheme to reduce the said imbalances. 

 

 

2. METHOD 

The researchers assessed the status of the engineering building in a university in the Philippines with 

respect to its electrical loading by survey and audit. The said building has two adjoining structures: the old 

engineering building (EB) and the Aguinaldo Hall (AH). The old engineering building has 14 panelboards 

while the Aguinaldo Hall has only 1 panelboard containing 5 branch circuit breakers.  

Initially, a letter addressed to the administrator was written to ask permission to conduct a room 

survey. A copy of the blueprints of the engineering building was also requested to determine the location of 

the panelboards. Some rooms were excluded from the survey, such as the audio-visual room and rooms that 

belonged to other units of the university. The reason is due to renovations being made during the time of the 

survey. 

Voltage and current measurements in each panelboard were conducted using a three-phase power 

clamp meter (PEAKMETER Professional MS2203). These measurements were then used as inputs in the 

computation of the current/voltage unbalance. The researchers measured the current and voltage in each of 

the three phases then the average current/voltage was calculated using (1). After this, the absolute difference 

between each phase current/voltage was calculated using (2). The largest among the absolute differences is 

identified is the maximum deviation. The percent current or voltage unbalance can be calculated by dividing 

the maximum deviation by the average current/voltage as shown in (3). 
 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝑜𝑟 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 =  
𝐿1+𝐿2+𝐿3

3
 (1) 

 

Where 𝐿1, 𝐿2 and 𝐿3 = line currents or voltages. 
 

𝐷𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 =  𝐿𝑖𝑛𝑒
𝐶𝑢𝑟𝑟𝑒𝑛𝑡

𝑉𝑜𝑙𝑡𝑎𝑔𝑒
− 𝐴𝑣𝑒𝑟𝑎𝑔𝑒  𝐶𝑢𝑟𝑟𝑒𝑛𝑡𝑜𝑟 𝑉𝑜𝑙𝑡𝑎𝑔𝑒  (2) 

 

𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝑜𝑟 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 𝑈𝑛𝑏𝑎𝑙𝑎𝑛𝑐𝑒 =  
𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝐷𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝑓𝑟𝑜𝑚 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝑜𝑟 𝑉𝑜𝑙𝑡𝑎𝑔𝑒

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝑜𝑟 𝑉𝑜𝑙𝑡𝑎𝑔𝑒
𝑥100 (3) 

 

Results were then evaluated to determine whether they conform with standards. According to IEEE 

Standard 45-2002, the maximum limit for voltage unbalance is 3% of the average voltage in each phase. 

Meanwhile, the American national standard for electric power systems manual also recommends that the 

value of current unbalance should be limited to 2.5-3% during normal operating conditions [22]. On the other 

hand, according to ANSI Standard C84.1-1995, the maximum for current unbalance is 5% from the average 
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current in each phase [23]. Panelboards which exceeded the standard values were proposed with re-phasing 

schemes to reduce the imbalances to acceptable limits. 

 

 

3. RESULTS AND DISCUSSION  

3.1.  Current and voltage measurements in the rooms 

The researchers surveyed each panelboard found in the building and tabulated their measurements. 

The electrical loads in the building consist of lights, convenience outlets, and ACUs. As seen in Table 1, the 

panelboard in room EB 214 of the old engineering building recorded the highest current reading. The said 

panelboard caters power to laboratory rooms for physics and chemistry classes. This room contains sets of 

laboratory equipment, large ratings of ACUs and several electric fans. Meanwhile, the highest recorded 

current reading in Aguinaldo Hall is found at CB 4, which powers several rooms equipped with ACUs.  On 

the other hand, voltage readings range from 213.60 V to 242.40 V. 
 
 

Table 1. Current and voltage readings in the panelboards 
Panelboard Line 1 Line 2 Line 3 

Current (A) Voltage (V) Current (A) Voltage (V) Current (A) Voltage (V) 

EB 107 20.90 227.50 40.70 233.10 45.30 227.00 

EB 110 10.00 221.00 12.50 227.00 19.80 220.20 

EB 113 12.90 229.40 9.90 228.90 20.30 229.50 
Library 18.20 221.60 22.90 225.60 9.10 221.00 

EB 201 2.40 235.00 8.60 227.30 8.70 229.10 

EB 204 11.80 226.10 16.10 233.00 8.50 227.40 
EB 205 10.70 235.00 4.80 227.30 6.60 229.10 

EB 207 45.40 227.20 20.60 233.70 27.30 225.50 

EB 214 55.10 221.00 50.90 228.80 56.20 220.70 
EB 215 4.10 220.70 9.80 228.00 23.00 221.50 

EB 217 20.60 217.50 20.20 231.60 4.10 221.90 

Stentorian Office 57.20 213.60 25.60 225.50 50.80 224.60 
AH CB 1 8.80 230.80 8.70 238.90 4.10 231.50 

AH CB 2 30.00 233.80 17.80 241.60 26.10 232.00 

AH CB 3 14.90 231.20 2.70 240.00 14.80 233.10 

AH CB 4 47.10 232.80 41.60 240.40 28.10 232.50 

AH CB 5 7.50 234.60 0.80 242.40 7.80 234.30 

 
 

3.2.  Percent voltage and current unbalance in each panelboard 

As seen in Table 2, most of the panelboards in the building are below the maximum limit of voltage 

imbalance except for the panelboards found in EB 217 and the Stentorian Office. Inspection of the lines 

revealed that these panelboards have one or two electrical lines providing power to more equipment than the 

other lines. The unequal and random distribution of single-phase loads is one of the reasons for this problem [24]. 

Interviews with past building administrators showed that the rooms connected to the said panelboards had 

been installed with additional equipment. The Stentorian Office, for instance, used to be only a part of an 

adjacent room. It was recently converted to an office which required an air-conditioning unit and other 

appliances. 
 

 

Table 2. Percent voltage unbalance in each panelboard 

Panelboard 
Average 
voltage 

L1 
deviation 

L2 
deviation 

L3 
deviation 

Maximum 
deviation 

Voltage 
unbalance 

Remarks 

EB 107 229.20 1.70 3.90 2.20 3.90 1.70% Below 

EB 110 222.73 1.73 4.27 2.53 4.27 1.92% Below 

EB 113 229.27 0.13 0.37 0.23 0.37 0.16% Below 
Library 222.73 1.13 2.87 1.73 2.87 1.29% Below 

EB 201 230.47 4.53 3.17 1.37 4.53 1.97% Below 

EB 204 228.83 2.73 4.17 1.43 4.17 1.82% Below 
EB 205 230.47 4.53 3.17 1.37 4.53 1.97% Below 

EB 207 228.80 1.60 4.90 3.30 4.90 2.14% Below 

EB 214 223.50 2.50 5.30 2.80 5.30 2.37% Below 
EB 215 223.40 2.70 4.60 1.90 4.60 2.06% Below 

EB 217 223.67 6.17 7.93 1.77 7.93 3.55% Exceeded 

Stentorian Office 221.23 7.63 4.27 3.37 7.63 3.45% Exceeded 

AH CB 1 233.73 2.93 5.17 2.23 5.17 2.21% Below 

AH CB 2 235.80 2.00 5.80 3.80 5.80 2.46% Below 

AH CB 3 234.77 3.57 5.23 1.67 5.23 2.23% Below 
AH CB 4 235.23 2.43 5.17 2.73 5.17 2.20% Below 

AH CB 5 237.10 2.50 5.30 2.80 5.30 2.24% Below 
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Table 3 indicates that the current imbalance in most of the panelboards exceeded 5%, with values as 

high as 86% on some panelboards. As mentioned, the electrical loads in the building are single-phase 

equipment and are the reason for the unbalance. As public buildings, their main loads include lighting, 

ventilation, and office appliances [25]. Looking at the deviations in the line in each panelboard, it could be 

noticed that there are one or two saturated lines and another line that is underutilized. Inspection reveals that 

the problem is caused by random connections due to the installation of air-conditioning units in each room.  

 

 

Table 3. Percent current unbalance in each panelboard 

Panelboard 
Average 
current 

L1 L2 L3 Maximum Current 
unbalance 

Remarks 
deviation deviation deviation deviation 

EB 107 35.63 14.73 5.07 9.67 14.73 41.35% Exceeded 

EB 110 14.10 4.10 1.60 5.70 5.70 40.43% Exceeded 

EB 113 14.37 1.47 4.47 5.93 5.93 41.30% Exceeded 

Library 16.73 1.47 6.17 7.63 7.63 45.62% Exceeded 

EB 201 6.57 4.17 2.03 2.13 4.17 63.45% Exceeded 

EB 204 12.13 0.33 3.97 3.63 3.97 32.69% Exceeded 

EB 205 7.37 3.33 2.57 0.77 3.33 45.25% Exceeded 

EB 207 31.10 14.30 10.50 3.80 14.30 45.98% Exceeded 

EB 214 54.07 1.03 3.17 2.13 3.17 5.86% Exceeded 

EB 215 12.30 8.20 2.50 10.70 10.70 86.99% Exceeded 

EB 217 14.97 5.63 5.23 10.87 10.87 72.61% Exceeded 

Stentorian Ofc 44.53 12.67 18.93 6.27 18.93 42.51% Exceeded 

AH CB1 7.20 1.60 1.50 3.10 3.10 43.06% Exceeded 

AH CB 2 24.63 5.37 6.83 1.47 6.83 27.74% Exceeded 

AH CB 3 10.80 4.10 8.10 4.00 8.10 75.00% Exceeded 

AH CB 4 38.93 8.17 2.67 10.83 10.83 27.83% Exceeded 

AH CB 5 5.37 2.13 4.57 2.43 4.57 85.09% Exceeded 

 

 

3.3.  Re-phasing scheme for the panelboards with non-conformities 

Inspection of the loads connected to panelboards EB 113, EB 201, EB 204, EB 214, AH CB1 to AH 

CB5 reveals that re-phasing is not viable. Re-phasing the loads will lead to further increase in percent current 

unbalance. The only solution for this issue is to combine the loads of the said panelboards. With this, only the 

panelboards in the Stentorian Office, Library, EB 110, EB 215, EB 217, EB 205, EB 207, and EB 107 were 

prepared with a re-phasing scheme by the researchers. The succeeding tables (Table 4 to 11) show the 

original arrangements of circuit breakers and the proposed re-phasing scheme for the above-mentioned 

panelboards. The highlighted circuit breakers (CB) in the tables are the loads that were moved to other 

phases. 

The proposed action entails a reduction in the percent current unbalance on the panelboards, as 

shown in Table 12. Although there is a drop in the percentage of the current unbalance values on the 

panelboards, 5 of them still exceed 5%. To further reduce the imbalance, the electrical loads of the said 

panelboards were combined as follows: i) EB 107 and EB 110, ii) EB 205 and EB 207, and iii) Stentorian 

Office, EB 215, and EB 217. The proposed arrangement of loads can be seen in Table 13 which resulted in 

acceptable values of percent current unbalance as summarized in Table 14. This means that, for the electrical 

system of an old building to be in a balanced state, some re-wiring is necessary.  

 

 

Table 4. Arrangement of loads in the Stentorian Office 
L12 L23 L31 

Original configuration 
CB1=10.80 CB5=1.00 CB3=26.60 

CB2=5.90 CB6=0.60 CB4=10.30 

CB7=0.40 CB11=0.80 CB9=1.40 

CB8=5.4 0 CB12=2.40 CB10=8.60 

Total=22.50  Total=4.80 Total=46.90 

Proposed re-phasing 
CB1=10.80 CB4=10.30 CB3=26.60 A 

CB2=5.90 CB10=8.60 CB7=0.40 A 

CB8=5.40 CB12=2.40 - 
CB9=1.40 CB5=1.00 - 

CB6=0.60 CB11=0.80 - 

Total=24.10  Total=23.10  Total=27.00  
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Table 5. Arrangement of loads in the engineering 

library 
L12 L23 L31 

Original configuration 

CB1=8.70 CB5=8.20 CB3=0.30 

CB2=9.20 CB6=SPARE CB4=SPARE 

CB7=SPARE CB11=SPARE CB9=SPARE 

CB8=SPARE CB12=SPARE CB10=SPARE 

Total=17.90  Total=8.20 Total=43.00 
Proposed re-phasing 

CB1=8.70 CB5=8.20 CB2=9.20 

CB4=SPARE CB3=0.30 CB6=SPARE 
CB7=SPARE CB11=SPARE CB9=SPARE 

CB8=SPARE CB12=SPARE CB10=SPARE 

Total=8.70 Total=8.50 Total=9.20 
 

Table 6. Arrangement of loads in EB 110 
L12 L23 L31 

Original configuration 
CB1=SPARE CB5=10.20 CB3=9.20 

CB2=1.30 CB6=9.70 CB4=2.90 

CB7=SPARE CB11=SPARE CB9=1.20 

CB8=SPARE CB12=SPARE CB10=SPARE 

Total=1.30 Total=19.90 Total=13.30 

Proposed re-phasing 
CB9=1.20 CB5=10.20 CB3=9.20 

CB6=9.70 CB2=1.30 CB1=SPARE 

CB7=SPARE CB11=SPARE CB4=2.90 
CB8=SPARE CB12=SPARE CB10=SPARE 

Total=10.90  Total=11.50 Total=12.10 
 

 

 

Table 7. Arrangement of loads in EB 215 
L12 L23 L31 

Original configuration 

CB1=SPARE CB5=SPARE CB3=SPARE 
CB2=7.00 CB6=SPARE CB4=7.50 A 

CB7=2.70 CB11=SPARE CB9=SPARE 

CB8=SPARE CB12=SPARE CB10=1.30 

Total=9.70 Total=0.00 Total=8.80 

Proposed re-phasing 

CB1=SPARE CB7=2.70 CB3=SPARE 
CB2=7.00 CB10=1.30 CB4=7.50 A 

CB5=SPARE CB11=SPARE CB9=SPARE 

CB8=SPARE CB12=SPARE CB6=SPARE 
Total=7.00 Total=4.00 Total=7.50 

 

Table 8. Arrangement of Loads in EB 217 
L12 L23 L31 

Original configuration 

CB1=9.40 A CB5=SPARE CB3=SPARE 
CB2=9.00 A CB6=SPARE CB4=1.10 

CB7=SPARE CB11=SPARE CB9=7.90 

CB8=SPARE CB12=SPARE CB10=1.90  
Total=18.40 Total=0.00 Total=10.90  

Proposed re-phasing 

CB1=9.40 CB2=9.00 CB3=SPARE 
CB5=SPARE CB4=1.10 CB6=SPARE 

CB7=SPARE CB11=SPARE CB9=7.90 

CB8=SPARE CB12=SPARE CB10=1.90 
Total=9.40 Total=10.10 Total=9.80  

 

 

 

Table 9. Arrangement of loads in EB 205 
L12 L23 L31 

Original configuration 
CB1=SPARE CB5=SPARE CB3=SPARE 

CB2=5.60 A CB6=SPARE CB4=3.80 A 

CB7=SPARE CB11=SPARE CB9=2.50 A 

CB8=SPARE CB12=SPARE CB10=SPARE 

Total=5.60 A Total=0.00 A Total=6.30 A 

Proposed re-phasing 
CB1=SPARE CB9=2.50 A CB3=SPARE 

CB2=5.6 A CB6=SPARE CB4=3.80 A 

CB7=SPARE CB11=SPARE CB5=SPARE 
CB8=SPARE CB12=SPARE CB10=SPARE 

Total=5.60 A Total=2.50 A Total=3.80 A 

 

 

Table 10. Arrangement of loads in EB 207 
L12 L23 L31 

Original configuration 

CB1=10.60  CB5=0.10 CB3=10.50 
CB2=10.20  CB6=0.10 CB4=10.70 

CB7=3.20 CB11=SPARE CB9=2.00 

CB8=0.80  CB12=SPARE CB10=1.20 

CB13=0.90  CB17=SPARE CB15=SPARE 

CB14=3.60  CB18=SPARE CB16=1.0 

Total=29.30  Total=0.20 Total=25.40 
Proposed re-phasing 

CB1=10.60 CB5=0.10 CB3=10.50 

CB11=SPARE CB6=0.10 CB4=10.70 
CB7=3.20 CB2=10.20 CB18=SPARE 

CB8=0.80 CB14=3.60 CB16=1.00 

CB13=0.90 CB10=1.20 CB15=SPARE 
CB12=SPARE CB9=2.0 CB17=SPARE 

Total=15.50 Total=17.20  Total=22.20 
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Table 11. Arrangement of loads in EB 107 laboratory room 
L12 L23 L31 

Original configuration 
CB1=9.50 CB5=9.60 CB3=SPARE 

CB2=0.40 CB6=21.60 CB4=10.00 

CB7=SPARE CB11=SPARE CB9=2.60 
CB8=3.90 CB12=SPARE CB10=SPARE 

Total=13.80 Total=31.20 Total=12.60 

Proposed re-phasing 
CB1=9.50 CB10=SPARE CB3=SPARE 

CB2=0.40 CB6=21.60 CB4=10.00 

CB7=SPARE CB11=SPARE CB9=2.60 
CB5=9.60 CB12=SPARE CB8=3.90 

Total=19.50 Total=21.60 Total=16.50 

 

 

Table 12. Percent current unbalance before and after re-phasing 
Panelboard Current unbalance 

(before) 

Current unbalance 

(after) 

Stentorian Office 42.51 9.10 

Library 45.62 4.54 

EB 107 41.35 21.30 

EB 110 88.70 5.22 

EB 205 45.24 36.00 

EB 215 80.79 35.14 

EB 217 80.79 3.75 

 

 

Table 13. Combined loads of panelboards 
L12 L23 L31 

EB 107 and EB 110 
CB1(107)=9.50 CB5(107)=9.60 CB6(107)=21.60 

CB5(110)=10.20 CB4(107)=10.00 CB2(107)=0.40 

CB3(110)=9.20 CB6(110)=9.70 CB8(107)=3.90 
CB2(110)=1.30 CB9(110) =1.20 CB9(107)=2.60 

  CB3(110)=1.90 

Total=30.20 Total=30.50 Total=31.40 
EB 205 and EB 207 

CB1(207)=10.60 CB5(207)=0.10 CB13(207)=10.50 

CB2(205)=3.80 CB6 and CB9(207) =0.10+1.20 CB14(207)=10.70 
CB7(207)=3.20 CB2(207)=10.20 CB15(207)=1.00 

CB4(207)=0.80 CB14(207)=3.60 CB16=SPARE 

CB13(207)=0.90 CB2(205)=5.60 CB17=SPARE 
CB9(205)=2.50 CB12(207)=2.00 CB18=SPARE 

Total=21.80 Total=22.80 Total=22.20 

Stentorian Office, EB 215, and EB 217 
CB1(217)=9.40 CB1(S)=10.80 CB3(S)=26.60 

CB2(217)=9.00 CB4(S)=10.30 CB4(215)=7.50 

CB10(S)=8.60 CB9(217)=7.90 CB7(215)=2.70 
CB2(215)=7.00 CB2(S)=5.90 CB10(215)=1.30 

CB8(S)=5.40 CB7(S)=0.40 CB10(217)=1.90 
CB4(217)=1.10 CB5(S)=1.00 CB11(S)=0.80 

 CB6(S)=0.60  

 CB12(S)=2.40  
 CB9(S)=1.40  

Total=40.50 Total=40.70 Total=40.80 

 

 

Table 14. Percent current unbalance of combined panelboards 
Merged panelboard Current unbalance 

(after combination) 

EB 107 and EB 110 2.28% 
EB 205 and EB 207 2.40% 

Stentorian Office, EB215, and EB217 0.41% 

 

 

4. CONCLUSION 

The majority of the panelboards in the building have a percent voltage unbalance that is within the 

allowable limit except for two panelboards. A thorough investigation suggests that the problem comes from 

the actual wiring design of one of the lines. Meanwhile, there is a considerable number of panelboards with 
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above-the-minimum percent current unbalance value. The original load configuration of some of these 

panelboards was retained since re-phasing them will lead to a further increase in the percent current 

imbalance. For the other panelboards, the proposed re-phasing schemes entailed a reduction in the percent 

current unbalance. However, there are panelboards that are still above the standard value even after the re-

phasing. Hence, to successfully reduce the current and voltage imbalances of all panelboards, it may be 

beneficial to couple the re-phasing schemes with other techniques, such as combining the loads of nearby 

panelboards. When the loads were combined, the current imbalance was reduced to acceptable values. If the 

re-phasing and merging of loads are to be implemented, a cost-benefit analysis and a study on the 

improvements in energy efficiency may be considered for further research. 

 

 

FUNDING INFORMATION 

The conduct and publication of this study is supported by Tarlac State University. 

 

 

AUTHOR CONTRIBUTIONS STATEMENT 

This journal uses the Contributor Roles Taxonomy (CRediT) to recognize individual author 

contributions, reduce authorship disputes, and facilitate collaboration. 
 

Name of Author C M So Va Fo I R D O E Vi Su P Fu 

Ferdinand L. Marcos ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓  ✓  ✓ ✓  

Enalyn T. Domingo ✓ ✓  ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓   ✓ 

Cid L. Lapuz  ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓   
 

C :  Conceptualization 

M :  Methodology 

So :  Software 

Va :  Validation 

Fo :  Formal analysis 

I :  Investigation 

R :  Resources 

D : Data Curation 

O : Writing - Original Draft 

E : Writing - Review & Editing 

Vi :  Visualization 

Su :  Supervision 

P :  Project administration 

Fu :  Funding acquisition 

 

 

 

CONFLICT OF INTEREST STATEMENT 

The authors state that there is no conflict of interest in the conduct of the study. 

 

 

DATA AVAILABILITY 

The data supporting this study's findings are available on request from the corresponding author, ED. 

 

 

REFERENCES 
[1] M. Santamouris and K. Vasilakopoulou, “Present and Future energy consumption of buildings: challenges and opportunities 

towards decarbonisation,” e-Prime, p. 100002, Oct. 2021, doi: 10.1016/j.prime.2021.100002. 
[2] "Buildings", International Energy Agency (IEA), https://www.iea.org/energy-system/buildings (accessed Jul. 26, 2025). 

[3] M. Abdul Mujeebu and F. Bano, “Energy-saving potential and cost-effectiveness of active energy-efficiency measures for 

residential building in warm-humid climate,” Energy for Sustainable Development, vol. 67, pp. 163–176, Apr. 2022, doi: 

10.1016/j.esd.2022.01.011. 

[4] Active energy efficiency. Denmark: Ea Energy Analyses, 2021. 

[5] V. Anand, V. L. Kadiri, and C. Putcha, “Passive buildings: a state-of-the-art review,” Journal of Infrastructure Preservation and 
Resilience, vol. 4, no. 1, p. 3, Jan. 2023, doi: 10.1186/s43065-022-00068-z. 

[6] A. Khan and M. Ali, “Three-phase load balancing in distribution systems using load sharing technique,” in IEEC 2023, Sep. 2023, 

p. 18, doi: 10.3390/engproc2023046018. 
[7] “Maintaining electrical systems in aging buildings,” South Point Risk. https://www.southpointrisk.com/blog/maintaining-

electrical-systems-in-aging-buildings/ (accessed Mar. 11, 2025). 

[8] “What is the difference between single-phase and three-phase power?,” Fluke Corporation. https://www.fluke.com/en-
ph/learn/blog/power-quality/single-phase-vs-three-phase-power#:~:text=Comparing single-phase vs.,three wires instead of two) 

(accessed Apr. 04, 2024). 

[9] M. H. Albadi, A. S. Al Hinai, A. H. Al-Badi, M. S. Al Riyami, S. M. Al Hinai, and R. S. Al Abri, “Unbalance in power systems: 
case study,” in 2015 IEEE International Conference on Industrial Technology (ICIT), Mar. 2015, pp. 1407–1411, doi: 

10.1109/ICIT.2015.7125294. 

[10] J. M. Tabora, M. E. de Lima Tostes, E. O. de Matos, T. M. Soares, V. Andrade, and I. Morais, “Voltage unbalance impacts on 
temperature of IE2, IE3, & IE4 class induction motors,” Dec. 2020, doi: 10.48011/asba.v2i1.1049. 

[11] H. Arghavani and M. Peyravi, “Unbalanced current-based tariff,” CIRED - Open Access Proceedings Journal, vol. 2017, no. 1, 

pp. 883–887, Oct. 2017, doi: 10.1049/oap-cired.2017.0129. 

[12] M. Baechler, C. Strecker, and J. Shafer, “A guide to energy audits,” Pnnl-20956, 2011. http://www.pnnl.gov/main/ 

publications/external/technical_reports/pnnl-20956.pdf. 



                ISSN: 2502-4752 

Indonesian J Elec Eng & Comp Sci, Vol. 39, No. 3, September 2025: 1441-1448 

1448 

[13] “Eliminate voltage unbalance,” US Department of Energy Advanced Manufacturing Office. http://energy.gov/sites/ 

prod/files/2014/04/f15/eliminate_voltage_unbalanced_motor_systemts7.pdf. 
[14] P. Pillay, P. Hofmann, and M. Manyage, “Derating of induction motors operating with a combination of unbalanced voltages and 

over or undervoltages,” IEEE Transactions on Energy Conversion, vol. 17, no. 4, pp. 485–491, 2002, doi: 

10.1109/TEC.2002.805228. 
[15] A. ALI Sahito, Z. Ahmed Memon, P. Hameed Shaikh, and S. Ali Memon, “Unbalanced loading; an overlooked contributor to 

power losses in HESCO 66 publications 1,971 citations see profile,” Sindh University Research Journal (Science Series), vol. 47, 

no. 4, pp. 779–782, 2015, [Online]. Available: https://www.researchgate.net/publication/289025196. 
[16] “Philippine distribution code 2014 (2017 Ed.),” https://policy.asiapacificenergy.org/, 2017. 

https://policy.asiapacificenergy.org/node/2979#:~:text=File%3A-,Philippine Distribution Code 2014 (2017 Ed.),distribution 

systems in the Philippines. 
[17] B. Pan, Y. Zhang, X. Gui, Y. Wan, and G. Wang, “Analysis and research of three-phase unbalance in distribution transformers,” 

IOP Conference Series: Earth and Environmental Science, vol. 252, p. 032196, Jul. 2019, doi: 10.1088/1755-1315/252/3/032196. 

[18] “Voltage unbalance: causes, impacts, and mitigation strategies,” YT Electric, 2024. https://www.ytelect.com/blog/voltage-
unbalance-causes-impacts-and-mitigation-strategies_b259#:~:text=Technical Solutions to Mitigate Voltage,to maintain even 

phase distribution. 

[19] S. H. Soltani, M. Rashidinejad, and A. Abdollahi, “Dynamic phase balancing in the smart distribution networks,” International 
Journal of Electrical Power & Energy Systems, vol. 93, pp. 374–383, Dec. 2017, doi: 10.1016/j.ijepes.2017.06.016. 

[20] “The importance of phase balancing,” Pebblex Energy, 2023. https://bepebblex.com/en/the-importance-of-phase-balancing/. 

[21] M. Chindris, A. Cziker, A. Miron, H. Balan, and A. Sudria, “Propagation of unbalance in electric power systems,” in 2007 9th 
International Conference on Electrical Power Quality and Utilisation, Oct. 2007, pp. 1–5, doi: 10.1109/EPQU.2007.4424221. 

[22] “American National Standard for electric power systems and equipment-voltage ratings (60 Hertz),” National Electrical 

Manufacturers Association. https://www.nema.org/standards/view/American-National-Standard-for-Electric-Power-Systems-and-
Equipment-Voltage-Ratings. 

[23] Denis, E. W. Sinuraya, M. Soemantri, and I. R. Rafif, “Evaluation and mitigation of voltage and current unbalance at MSTP 
Undip Jepara,” Journal of Physics: Conference Series, vol. 2406, no. 1, p. 012013, Dec. 2022, doi: 10.1088/1742-

6596/2406/1/012013. 

[24] S. Yan, S.-C. Tan, C.-K. Lee, B. Chaudhuri, and S. Y. R. Hui, “Electric springs for reducing power imbalance in three-phase 
power systems,” IEEE Transactions on Power Electronics, vol. 30, no. 7, pp. 3601–3609, Jul. 2015, doi: 

10.1109/TPEL.2014.2350001. 

[25] T. Qian, K. Wang, Y. Li, X. Guo, and J. Liu, “Analysis of electric load characteristics of commercial and public buildings based 
on big data,” IOP Conference Series: Materials Science and Engineering, vol. 394, no. 4, p. 042105, Aug. 2018, doi: 

10.1088/1757-899X/394/4/042105. 

 

 

BIOGRAPHIES OF AUTHORS  

 

 

Ferdinand L. Marcos     is a full-time associate professor at Tarlac State University, 

Philippines. He has a major in mathematics under the master's in education program. He is in his 

final year of completing Ph.D. in engineering, majoring in electrical engineering at the 

Rajamangala University of Technology, Thanyaburi, Thailand. His research includes power 

quality and protection, as well as energy audits. He can be contacted at email: 

flmarcos@tsu.edu.ph. 

  

 

Enalyn T. Domingo     is a professor at the College of Engineering at Tarlac State 

University, Philippines. She has a master’s degree in electrical engineering from the same 

university. She earned her Ph.D. in engineering management from Nueva Ecija University of 

Science and Technology, Philippines. Her research field includes system design improvements in 

electrical engineering. She can be contacted at email: etdomingo@tsu.edu.ph. 

  

 

Cid L. Lapuz     is an instructor at Tarlac State University, Philippines, where he also 

works as an instructor. He finished the Master of Engineering Management program at Nueva 

Ecija University of Science and Technology, Philippines. He is most interested in engineering 

management, electrical design analysis, and energy audit. He can be contacted at email: 

cllapuz@tsu.edu.ph. 

 

https://www.webofscience.com/wos/author/record/GQZ-6269-2022
https://orcid.org/0000-0002-6914-1253
https://scholar.google.com/citations?user=f8AFRWwAAAAJ&hl
https://www.scopus.com/authid/detail.uri?authorId=58176393300&fbclid=IwZXh0bgNhZW0CMTAAAR37ho8MNje7qymLPXzMDLRrcnku7UjMo2d-bMIsTjCsr5EgLV_fdNYsAUY_aem_AVW8ierGycKwT-7dytkkTwcsbyHxTfhEhx5sZgzxomu-N0iqVe_e5uGlZ3cWIVUXsBMMve8VVkFubQ4HRIIFhvLk
https://www.webofscience.com/wos/author/record/GQZ-6349-2022
https://orcid.org/0000-0001-9411-6466
https://scholar.google.com/citations?user=Gl-emxsAAAAJ&hl=en
https://www.scopus.com/results/authorNamesList.uri?sort=count-f&src=al&affilName=tarlac+state+university&sid=b199c080982ec67728d875bcc18ed983&sot=al&sdt=al&sl=86&s=AUTHLASTNAME%28EQUALS%28domingo%29%29+AND+AUTHFIRST%28enalyn%29+AND+AFFIL%28tarlac+state+university%29&st1=domingo&st2=enalyn&orcidId=&selectionPageSearch=anl&reselectAuthor=false&activeFlag=true&showDocument=false&resultsPerPage=20&offset=1&jtp=false&currentPage=1&previousSelectionCount=0&tooManySelections=false&previousResultCount=0&authSubject=LFSC&authSubject=HLSC&authSubject=PHSC&authSubject=SOSC&exactAuthorSearch=true&showFullList=false&authorPreferredName=&origin=searchauthorfreelookup&affiliationId=&txGid=b1b16a8499cc6134ec5023e198b430e0
https://www.webofscience.com/wos/author/record/GQZ-6269-2022
https://orcid.org/0000-0001-7074-1793
https://scholar.google.com/citations?user=AKPryO0AAAAJ&hl=tl
https://www.webofscience.com/wos/author/record/GQZ-6282-2022?fbclid=IwY2xjawJW-UpleHRuA2FlbQIxMAABHdE9J06tZqMUpRj9Cyme6PZg8xwo34OX7nJObzvHpK5_jF3Sw0cFl8dApg_aem_7Mk20kASKcVi5jo20KlXOQ

