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This study provides information between tenants and landlords on the use of
Internet of Things for power and water monitoring system. It is one way to
make reading meters and water meters easier to access using the available
internet connection. The developed android application installed on a
smartphone/tablet was verified to fully working on android versions from 4.1
(jellybean) to android 9.0 (pie). Tests were carried out in residential
apartment where the prototype was installed. The data collected was
monitored in the android application and viewed by the tenants and
landlords. The results from the mean comparison of the power and volume
readings measured by the wattmeter and water meter claimed that the
readings from the conventional meters and designed prototype have no
significant difference using mann-whitney U test. Evaluations were
conducted showing that the device and the developed android application

Watt meter using loT is reliable, accurate, functional and user-friendly to use by tenants
and landlords.

This is an open access article under the CC BY-SA license.

©00]

Corresponding Author:

Engr. Leah Q. Santos

Department of Engineering

Lyceum of the Philippines University-Cavite

Governor’s Drive, Bgy. Manggahan, General Trias City, Cavite, Philippines
Email: leahquiritsantos@gmail.com, leah.santos@Ipu.edu.ph

1. INTRODUCTION

Utility sub-metering is the implementation of meter systems that allows the operator of a multi-unit
property to bill each unit for individual utility usage through the installation of additional meters behind a
utility meter [1], [2]. With this method, tenants and landlord be able to build a harmonious relationship when
it comes to electric and water billings. According to the national science, technology council (US) [3], sub-
metering provides the operations and maintenance transparency necessary to enable more efficient
management of energy and water resources. Sub-metering offers accurate details about their consumption
habits for building occupants, which in turn encourages resource conservation.

In almost every residential building, there is usually a main meter for each type of utility. Since
there are numerous tenants occupying each building, the landlord requires a precise method to split the price
of the utilities between tenants. The landlord would bring the monthly utility bill and split it and share it with
each tenant on the basis of their unit size. Household renters who pay a set rental rate do not face the price of
their own energy use have little incentive to use energy effectively. Based on the study of levinson [4], the
explanations for the obvious market failure fall into two categories: family tenants value such agreements
more than they value the additional energy they consume, or landlords value the agreements more than the
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additional energy costs. Having this kind of issue happening made the researchers come up with an idea of
designing and developing a monitoring system for power and water meters with the application of internet of
things (loT).

2. OBJECTIVES OF THE STUDY
The main objective of the study is to design and implement a power and water monitoring device
for a residential building using internet of things (loT).
Specifically, the study aims:
a) To design the electric power and water sub metering control system in a residential building based on
the existing standards.
b) To develop a program that could give access to both tenants and landlords via 10T technology.
c) Todevelop an android application for smartphone using android studios software, thru Wi-Fi.

3. RESEARCH METHOD

The researchers used quantitative type of research to gather the necessary data in order to
conceptualize the development of an l10T-based water and power monitoring system for residential buildings.
The researchers noted tenants’ lack of awareness of their consumption of electricity and water, particularly
when paying for fixed rents. As well as the tenants who paid for the utilities individually and based their
consumption thoughts exclusively on the monthly payment letter, they were provided to them without
actually understanding how much their consumption actually costs [5].

3.1. Block diagram

Figure 1 shows how the whole system works and how each part interacts with each other in order to
make a system. Based on the concept of Hussain [6], the researchers designed a system that detects and
measures the equivalent amount for the households’ actual electric and water consumption. Once the data
was already measured, it will be sent to the cloud storage. Once the data is in the cloud, the tenants and
landlord can now access the information using a smartphone.
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Figure 1. System block diagram

3.2. System flowchart

Figure 2 shows the design process flowchart of the loT-based water and power monitoring system
for residential buildings based on the concept of Fussan [7]-[15]. The user must first consume water and/or
electricity in his household. While using the utility, the meters will now read and measure the values. Once
the values are already there, the meters will now process the equivalent values and merge them. The data
gathered and stored to a memory for compilation. Once the data is already in the database, this will be sent
from both the tenants and landlord’s smartphones to display the data gathered while the landlord has another
end process where he needs to input the data of the local electric company.
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3.3. Project design
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Figure 2. System flowchart of an loT-based water and power monitoring system

3.3.1. Hardware development
Figure 3 and 4 shows the actual image of the power meter circuit box and the water meter prototype
based on the concept of Binggeli [16]-[22].

Figure 3. Actual image of power meter prototype circuit box
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Figure 4. Actual image of water meter prototype

3.3.2. Software development

Figure 5 shows the graphical user interface of the tenant’s application. Part A shows the main screen
which requires a username and the password of the tenant. There will be a maximum of five (5) attempts in
order to sign in and refresh instruction after failed five (5) attempts. Part B shows the user interface components:
the device ldentifier, the billing period the due date, the equivalent amount in philippine peso (PHP) for the
power and water consumption within the indicated billing period. Part C shows the notification for past due/
overdue once the tenant failed to settle the outstanding balance within the period of ten (10) days. Unsettlement
of the balance prior to allowable number of days given is ground for the deactivation of the tenant's power and
water supply. The android design was based on the concept made by Ashok [23]-[30].

Figure 6 shows the graphical user interface of the landlord android application. Part A shows the
user interface components: the monitoring for residential unit, deactivation (OFF) button, pay button, past
consumption button. Part B displays the landlord user interface once "PAY" button is selected. The screen
shows the corresponding amount for the power and water consumption of the chosen unit. Once the
residential unit has been settled the payment to landlord, "PAY" button must be pressed for the resetting of
the residential unit bills. Part C shows the display for the landlord once the "PAST CONSUMPTION” button
is pressed from the main screen of the user interface. In this section, the landlord can input values such as the
rate of power and water consumption, and the latest power and water bill of the residential unit. The
"SUBMIT" button will then again measure the power and water consumption of the tenants for each unit.
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Figure 5. Tenant application user interface
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Figure 6. Landlord application user interface

4. RESULTS AND DISCUSSION

This part discussed the outcome of the project, together with the findings of monitoring and
evaluation procedures. The data obtained during the testing evaluation and validation procedures were
analyzed, interpreted and presented in tabular form.

4.1. Results of testing and interpretation of data

Table 1 shows the results of the accuracy testing of the developed power meter. For this testing,
different appliances were used: two (2) electrical fans, one (1) CRT television, one (1) refrigerator, four (4)
light bulbs, one (1) TV Plus, and one (1) internet router in accordance to the tenants of the residential units. It
shows an 88.82% accuracy for the developed power meter device.

Table 1. Accuracy testing result for power meter

Measured Actual Power Measured Power Actual Power Percent Error of the
Reading by Device Reading by Actual Power Reading by
Day Power by by Wattmeter .
Device (kWh) per Day (kWh) Wattmeter per Day Device based on
(latest — recent) (latest — recent) Wattmeter (%)
Initial 0.550 - 2231 - -
Day 1 3.876 3.326 2234 3.000 10.87
Day 2 7.070 3.194 2238 4.000 20.15
Day 3 11.171 4.101 2242 4.000 253
Average Percent Error 11.18
Accuracy Rate in Percent (%) 88.82

Percent error equation:

|Actual Reading by Wattmeter — Actual Reading by Device|

= 0,
Percent Error Actual Reading in Wattmeter x100%

Table 2 shows the results of the accuracy testing of the developed volume reading devide. For this
testing, a 20 liters per test is used as part of the demonstration. In order to determine the water consumption
of each residential unit. It shows that the developed water meter has 98.9822 % accuracy. Table 3 shows the
mean comparison of the designed power and volume reading device with the conventional wattmeter and
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water meter with the use of mann-whitney U test. The values indicated in the table claims that there is no
significant difference between the designed device and the conventional wattmeter.

As seen in Table 4, the testing of the developed android application is conducted to determine the
compatibility to different android versions together with the sample brand for each. The result shows that the
developed android application is compatible to the android 4.1 version to android 9.0. A simulator android
studios is used for the compatibility testing.

Table 2. Accuracy testing result for water meter
Measured Volume by Device (m?) Measured Volume by Water Meter (m?)

Percent Error of the
Actual Volume

Trial  ynitial  Final DO i) Final ~ Difference  Reading by Device
Reading Reading  /\CU! Reading Reading (Actual = pased on Water Meter
Reading) Reading) (%)

1 0.2822 0.3021 0.0199 1388.4125  1388.4322 0.0197 1.0152
2 0.3021 0.3219 0.0198 1388.4322  1388.4519 0.0197 0.5076
3 0.3219 0.3418 0.0199 1388.4519  1388.4715 0.0196 1.5306
Average Percent Error 1.0178

Accuracy Rate in Percent (%) 98.9822

Table 3. Mean comparison of the power and volume reading measure by device, and wattmeter and water
meter using mann-whitney u test

Quantity Power Volume
Mann-Whitney U 4.000* 0.000*
Wilcoxon W 10.000 6.000
Z -0.221 -2.023
Asymp. Sig. (2-tailed) 0.825 0.043
Exact Sig. [2*(1-tailed Sig.)] 1.000 0.100
Interpretation No Significant Difference No Significant Difference

Note: * - No Significant Difference at 0.05 level of confidence.

Table 4. User-friendliness for the application in phone and tablet

Android Version Brand (Phone) Result Brand (Tablet) Result
Android 4.1 LG Optimus L1 Checked Asus Google Nexus 7 Checked
Android 4.4 LG F60 Checked Samsung Google Nexus 10 Checked
Android 5.0 Motorola Nexus 6 Checked HTC Nexus 9 Checked
Android 6.0 LG Nexus5X Checked Google Pixel C Checked
Android 7.0 HTC One A9 Checked Samsung Galaxy Tab S3 Checked
Android 8.0 Google Pixel 2 Checked Samsung Galaxy Tab S4 Checked
Android 9.0 Google Pixel 3 Checked Lenovo Tab V7 Checked

4.2. Results of evaluation

Overall evaluation results:

Based on Table 5, the overall mean is 4.38 and it can be interpreted that the respondents strongly
agreed that the device is reliable, accurate, functional and user-friendly.

Table 5. Overall Evaluation on water and power monitoring system

Characteristics Mean Std. Deviation Interpretation
Reliability 4.33 0.538 Strongly Agree
Accuracy 421 0.596 Strongly Agree
Functionality 4.69 0.414 Strongly Agree
User-Friendliness 4.30 0.525 Strongly Agree
Overall Evaluation 4.38 0.400 Strongly Agree
Note: 5.00 — 4.20 Strongly Agree 4.19 — 3.40 Agree 3.39 - 2.60 Slightly Agree
2.59 - 1.80 Disagree 1.79 - 1.00 Strongly Disagree
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5. CONCLUSION

The researchers set out the purpose of this study to represent as a power and water volume
monitoring system for both tenants and landlords using the internet of things (1oT) via the developed android
device. The developed power and water volume monitoring system for residential buildings has been proven
to be reliable, accurate, functional and user-friendly with an overall evaluation mean of 4.38, indicating that
respondents strongly agreed. The survey fully described the fact that the respondents agreed on the proposed
device and were able to be used for an operation such as monitoring the electricity and water consumption of
tenants and landlords.
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