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Abstract: Proper rating of transformer is important to
maximize the useful life and efficiency of the equipment. A higher
or lower rating of the transformer can provide either a higher
system loss or disconnection of consumer to an electricity
provider. In this study, assessment of residential transformer of a
barangay was considered. The percent loading of each
transformers was evaluated by the used of the standard set by
National Electrification Administration (NEA). The software used
in the study is Microsoft Excel 2016 for determining the percent
loading of each residential transformers. After the percent loading
was identified, clustering of transformers was made according to
the loading conditions. Changesin rating were also performed to
correct the percent loading of thetransformer. From 2017 to 2019,
13 transformers or 48.14 % were underloaded while 6 or 22.22%
were found to be overloaded. By changing the rating of the
transformer in the barangay, the percent loading of the 6 overload
transformers were corrected. For the 13 underloads, 12 of which
were amended. Moreover, there is till an underload unit RT19
considering the change in rating the available lowest rating of the
transformer was already reached. The researchers recommend
using load centering to minimize the number of transformers. To
compare the monthly kWhr consumption, the monitor of the daily
basis kWHr ingestion using Automated Mapping/Facility
Management/ Geographical Information System or AM/FM/GIS
was endorsed to identify the peak load of each transformer.

Keywords: kVA Rating, Residential Transformers, Overload,
Underload

I. INTRODUCTION

Distribution system is a process by which electricity is
transformed for the utilization of consumers. One equipment
used for this process is transformer. Distribution
Transformers were classified into two:

a Sole Used Distribution Transformer where only one
consumer is connected
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b. Commonly Used or Residential Distribution Transformer
where multiple consumers are connected

Distribution  transformer loading for consumers’
connectivity plays an essentia role at present. Appropriate
rating of transformer is imperative for proper utilization.
Failure of transformer may cause power interruption and
oversizing of which may result to higher losses [1].

Rapid growth of economic development in some areas

may result to the overloading of distribution transformer and
some were underloaded due to the availability of the
equipment. It is a must to give attention to the utility for
proper operation [2]. Some of the common problems occur in
the transformer were: unbalanced loading and usage of
repaired distribution transformer [3]. For a distribution
transformer to fully utilized, it needs 40% to 70% loading
conditions and to achieve the maximum efficiency, it should
be approximately 50% of itsrated rating [4].
Quantifying the connected loads in each distribution
transformer issignificant. Knowing the number of consumers
using the transformer for its loading condition is vital for
continuous connectivity. Proper rating for the demand of
electrical energy can help the transformer to maximize its
utilization and useful life[5].

Transformer loading can be classified
conditions:

1. Underload — below 40% percent loading
2. Normal — 40% to 70% percent |oading

3. Overload — higher than 70% loading

into three

To avoid underloading and overloading a transformer,
proper loading conditions and the adaptation on the
increasing demand of energy must be taken for
considerations [6-7].

Pampanga, subdivided to 3 cities and 19 municipalities, is
one of the provinces in Central Luzon Region in the
Philippines. One of the municipalities of Pampangais Arayat
which has 30 barangays.

This municipality was served by an Electric Utility with 3
distribution feeders namely Feeder number 1,2, and 3. As
seen in Figure 1, the number of residential consumers of the 3
feeders were 8116, 5256, and 6515, respectively.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring Innovation


http://www.ijeat.org/
https://www.openaccess.nl/en/open-publications
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://crossmark.crossref.org/dialog/?doi=10.35940/ijeat.C5920.029320&domain=www.ijeat.org

Electrical Percent Loading Assessment for the Distribution Transformers Residential-Used of a Barangay

n 8116

7000 6515

]
S 6000 5256

1 2 3
Feeder Number

Figure 1: Number of Residential Consumer s per
Feeder

Furthermore, these residential consumers were connected
to adistribution transformer for electricity utilization. Figure
2 shows the number of residential distribution transformer

per feeder.
103
104
I |
1 2 3

115
110
Feeder Number

105

100

Number of Residential Transformers

Figure 2: Number of Residential Transformers per
Feeder

From the three feeders, Feeder 1 has the highest number of
residential consumers and ranked second on the number of
residential transformers. The kWh demand of feeder 1 from
2017 to 2019 was shown in figure 3.
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Figure 3: kWh of Feeder 1

For the past 3 yearsthereisan increasing trend of demand
inthe feeder and it was experienced under the month of April,
May and June. Feeder 1 assists the barangays of Cacutud
(0414), Matamo (0413), Plazang Luma West (0412), Plazang
Luma East (0411), San Agustin Sur (0409), Paralaya (0408),
Guemasan (0407), Riverside (0406), Poblacion (0405) ,
Manga (0404), Cupang (0403), San Jose Mesulo (0402) and
San Nicolas (0401). Figure 4 represents the number of

Retrieval Number: C5920029320/2020©BEIESP
DOI: 10.35940/ijeat.C5920.029320
Journal Website: www.ijeat.org

3021

consumers per barangay. Likewise, the subdivision of the
104-residential transformer per barangay were shown in
Figure 5.
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Figure 4: Number of Consumer per Barangay
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Figure4: Number of Transformer per Barangay

As shown, barangay San Nicolas has the most residentia
consumer and transformers. In lieu, this barangay has been
chosen to be evauated regarding the percent loading
condition of theresidential transformers herein.

The objective of the study isto assess the loading conditions
of residential consumers of a barangay. Similarly, to
categorized residential transformer into overload, normal
load and underload settings. Also, changes on ratings should
be imposed, such as upgrading and downgrading, to the
overload and underload transformer.

This study will give an aid in monitoring the loadings of
residential transformers. Correspondingly, it can be helpful in
maximizing the utilization of the equipment used. It can also
provide information on the present situation of the residential
transformers.

The study will cover the 27 residential transformers and
1869 consumers of Barangay San Nicolas. The percent
loading condition of underload or below 40% loading,
normal load or 40% - 70% loading, overload or higher 70%
will be applied [4], considering the residential power factor
of 0.85 [6]. Uprating and downrating will also be considered
in the study.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring Innovation


http://www.ijeat.org/

International Journal of Engineering and Advanced Technology (IJEAT)
L O fsds ISSN: 2249-8958 (Online), Volume-9 | ssue-3, February 2020

Il. METHODOLOGY cold weather. There are 19 maximum number of underload
transformers occurred in December 2017.
A. Data Collection and I nstrument fﬂ

kVA rating of each residential transformer as well as the
energy consumption in kWh per consumer connected in each
transformer were collected through the electric utility. These 7.
data will be used to assess the percent loading conditionsof -
the residentia transformers. The conceptual framework of ¢
the study is shown in figure 6. 5

* kVA Rating of Residential Transformers(2017-2019)
* Energy Consumption of each Consumer(2017-2019)

Month/Year

* Determine the Percent Loading of the Residential Transformer of Figure 7. Number of Underload Transformers
San Nicolas (2017-2019)

Process * Uprating or Downrating of Overload or Underloaded Transformer Figure 8 showsthat in April and June 2019, there are only

amaximum of 7 normal load out of 27 transformersinstalled
in the barangay.

* Assessed the Percent Loading of the Residential Transformer of 1
Barangay San Nicolas

Output

mer

Figure 6: Conceptual Framework of the Study

mber of Transfor

B. Data Analysisfor the Percent Loading

Data gathered will be used to identify the loading '
conditions of the residential transformer of barangay San !
Nicolas including the energy consumption (January 2017 —
December 2019) of consumer connected using Microsoft
Excel 2016 applying the standard formula set by National

ManthYear

Electrification Administration (NEA) System Loss Figure 8: Number of Normal L oad Transformers
Reducti 0: M arluii%]r.n emand(month) . ~ Figure9illustratesthat there are 13 overload transformers
Uy Loading = (KVA.) (PF) (720H) (1] in maximum from 2017-2019.

1

When the percent loading was identified, residentia
transformers will be classified into three loading conditions: £
1. Underload — below 40% percent loading g
2. Normal — 40% to 70% percent loading
3. Overload — higher than 70% loading 5

C. Changing of Rating of Transformer :

Upon determining the transformers loading condition, the z,
change into a higher rating of kVA should be done for the
overload transformers and replace a lower rating one for the ' ey IIm M T
underload transformers for the percent loading to become R R I R N RN
normal. The rating of the transformer used by the electric )
utility are 10kVA, 15kVA, 25kVA, 37.5kVA, 50kVA,

75kVA and 100kVA. Figure 9: Number of Overload Transformers

Month/Year

The average performance of each transformer condition
was shown in Figure 10. From 2017-2019, there are 8
overload transformers, 13 underloads and 6 in normal load.

[1l. RESULTS& DISCUSION

A. Transformer Assessment

The graphical representation of the number of underloads,
normal load and overload residential transformer are shown
in Figures 7-9 respectively. In Figure 7, the number of
underload transformers gradually decreases due to the
increase of demand in electric usage under the months of
March, April and May while on the months of November to
January, it slowly increases due to the less demand during
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Figure 10: L oading Conditions of Residential
Transformers (2017-2019)

B. Changing of Rating of Transfor mer

B.1. Underload Residential Transformer

In Table 1, residential transformers in underload condition
were presented. Additionally, the old rating of the
transformer and percent loading were changed into a lower
rating with a percent loading under normal loading
conditions which is between 40% to 70%.

Table 1: Underload Residential Transformer

Transformer Old. New old New
No Name Rating Rating Perce_nt Perce_nt
(kVA) (kVA) Loading Loading

1| RTO1L 375 15 18.84 47.09

2 | RTO3 75 15 12.34 61.70

3| RTO4 75 25 14.65 43.95

4 | RTO5 75 375 22.36 44.71

5 | RTO6 75 15 8.66 43.32

6 | RTO7 75 375 29.32 58.64

7 | RT11 375 25 38.09 57.14

8 | RT14 25 15 26.79 44.66

9 | RT16 25 10 24.02 60.06
10 | RT19 25 10 417 10.44
11 | RT21 50 375 36.76 49.01
12 | RT22 50 375 3941 52.55
13 | RT23 25 10 23.59 58.97

Among the 13 underload transformers, one is till in the
underload condition. RT19initially 25 kVA wasinstalled and
a percent loading of 4.17 was applied. The rating was
corrected into 10kVA with a new percent loading of 10.44.
With these, it’s still cannot be adjusted due to the lowest
value of the 10-kV A rating.

B.2. Overloaded Residential Transformer

The current rating and present percent loading of the
transformers in the overload condition are shown in Table 2.
In the same way, the corrected rating and percent loading
were presented.

Table 2: Overloaded Residential Transformer

old . Old New
No "I\'Ir;:l:ormer Rating E\II(?\/NAI)?atl "9 | Percent Percent
(kVA) Loading Loading
1| RTO2 375 50 71.13 51.10
2 | RT10 375 50 79.45 59.59
3 | RT17 25 375 72.50 4574
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4 | RT18 15 25 76.66 45.99
5 | RT20 15 25 95.39 57.24
6 | RT24 25 375 73.50 46.34
7 | RT25 50 75 74.53 49.69
8 | RT26 50 75 76.27 50.85

3023

Asunderstood, all the overload residential transformers were
adjusted to anormal loading condition.

IV. CONCLUSION

From the past 3 years, starting from 2017 to 2019, 13
residential transformers of barangay San Nicolas out of 27 or
48.15 % were underload and 6 or 22.22% were found to be
overloaded. Overdl, 19 transformers from the 27
transformers or 70.37 % must be considered.

In view of the results obtained from this study, by
changing the rating of the residential transformers, all in the
overload condition werefinely adjusted in the normal percent
loading (40 to 70 %). On the other hand, as for the underload
transformers, 12 of which were corrected but there is still 1
unit, RT19, was unable to be amended due to its corrected
rating being the lowest vaue of transformer used by the
utility.

V.RECOMMEDATIONS

For future works, the researcher recommends using proper
load centering to minimize the number of the transformer.
For further improvement, monitoring of KWHr consumption
must be done on a daily basis through the use of Automated
Mapping/Facility Management/ Geographical Information
System or AM/FM/GIS in identifying the peak load of each
transformer to be compared to the monthly kWhr used.
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