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Abstract. This work presents a University Community based electricity prepaid
billing system. Generally in Nigeria, electricity customers face a lot of problems
with respect to their electricity bills from the distribution companies. The chal‐
lenges they face include wrongly calculated bills as a result inaccurate reading of
meters, general human errors in bill preparation among others. In some other
semi-automated systems in which prepaid meters are used, consumers waste
much time in purchasing utility units for electricity. This is the case presently at
the university community we are considered in this work. This paper presents the
design and implementation of a combination of a web-based and SMS alert
prepaid electricity system called for the community. The implementation of the
system was done using C# programming language and Microsoft SQL Server as
the database platform. The system incorporates the Luhn algorithm for generating
pins for use on the simulated prepaid meters. The system is able to run on the
university intranet and can also serve as internet based application.
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1 Introduction

Prepayment utility meters systems medium through which customers purchase utility
units that enable them use services like electricity, water, waste, cable among others, in
advance [1]. The introduction of prepaid meters in the early part of last decade was
received with great expectation that billing issues would be over. It was a feeling of
freedom at last from the erstwhile electromechanical meters used for billing at that time.
The use of prepaid meters for billing electricity consumption was to eliminate most of
the challenges hitherto faced with use of the old meters. Such challenges include wrongly
calculated bills as a result inaccurate reading of meters; general human errors in bill
preparation; payment of bills through wrong agents among several others. The prepaid
meters on the other hand brought about a number of benefits to both users and system
that include [1–3] elimination of monthly bills or collection hassles; reduced operational
costs; elimination of disconnects and reconnects; immediate collection of revenue;
among others. The prepaid meters work by measuring actual electrical use and removing
units in real-time [2].

© ICST Institute for Computer Sciences, Social Informatics and Telecommunications Engineering 2018
C. M. F. Kebe et al. (Eds.): InterSol 2017/CNRIA 2017, LNICST 204, pp. 107–114, 2018.
https://doi.org/10.1007/978-3-319-72965-7_9



Although these benefits exist, there is the need to take advantage of the advances in
technology to further improve on the benefits. For instance in the Covenant University
community which we considered for this work, the processes leading to the final
purchase of electricity units appear to be long and inconvenient to most consumers.
Consumers in need of electricity units usually have to first pay the amount required at
the bank, convert the duplicate teller to a receipt before going to the point of purchase.
The question to ask is whether it is possible to evolve a system that eliminates all these
unnecessary procedures that waste time. It is in response to this, that a simple prepaid
system was proposed as a solution to the issue.

There have been several efforts in Nigeria and other parts of the world to build similar
systems for various reasons and needs of people. In 2006, [4] designed and implemented
a SMS-based control for monitoring systems. The SMS component was used for status
reporting such as power failure. However, the work did not consider issues that concern
billing for electricity usage.

The work of [5] proposed a method for using telecommunication systems to automate
transmission of data to facilitate bill generation at the server end and also to the customer
via SMS, Email. [6] also developed a card reader-based prepaid electricity metering
system but for a multiphase system. The work of [7] focused on the controlling of home
appliances remotely and providing security when the user is away from the place using
an SMS- based wireless Home Appliance Control.

[8] developed an energy efficient and low cost solution for street lighting system
using Global System for Mobile communication [GSM] and General Packet Radio
Service [GPRS]. The whole set-up provides the remote operator to turn off the lights
when not required, regulate the voltage supplied to the streetlights and prepare daily
reports on glowing hours.

[9] proposed in their paper, a prepaid energy meter behaving like a prepaid mobile
phone. The meter contains a prepaid card analogous to mobile SIM card. The prepaid
card communicates with the power utility using mobile communication infrastructure.
Once the prepaid card is out of balance, the consumer load is disconnected from the
utility supply by the contactor. The power utility can recharge the prepaid card remotely
through mobile communication based on customer requests. The work of [12] focused
on the design and implementation of an intelligent sms-based remote metering system.
[10, 11] are both online and web-based platforms respectively for bill payments but not
for prepaid purposes.

In this paper therefore, we present the design and implementation of a web-based
electricity prepaid system for a university community. The remaining sections of this
paper are divided into review of related work, system requirements, system design and
modeling, system implementation and conclusion.

1.1 Luhn Algorithm

The LUHN formula was created by IBM scientist Hans Peter Luhn and described in
U.S. Patent No. 2,950,048, filed on January 6, 1954, and granted on August 23, 1960
[10]. Because the algorithm is in the public domain, it can be used by anyone. We used
an algorithm based on the luhn algorithm for the generation and verification of the pin
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created by the system. The LUHN formula is widely used to generate the check digits
of many different primary account numbers. Almost all institutions that create and
require unique account or identification numbers use the Mod 10 algorithm. The algo‐
rithm is in the public domain and is in wide use today. It is specified in ISO/IEC 7812-1.
It is not intended to be a cryptographically secure hash function; it was designed to
protect against accidental errors, not malicious attacks. Most credit cards and many
government identification numbers use the algorithm as a simple method of distin‐
guishing valid numbers from mistyped or otherwise incorrect numbers.

Based on ANSI X4.13, the LUHN formula (also known as the modulus 10 – or mod 10
– algorithm) is used to generate and/or validate and verify the accuracy of credit card
numbers.

Most credit cards contain a check digit, which is the digit at the end of the credit card
number. The first part of the credit-card number identifies the type of credit card (Visa,
MasterCard, American Express, etc.), and the middle digits identify the bank and customer.

To generate the check digit, the LUHN formula is applied to the number. To validate
the credit-card number, the check digit is figured into the formula.

Here’s how the algorithm works for verifying credit cards; the math is quite simple:

i. Starting with the second to last digit and moving left, double the value of all the
alternating digits.

ii. Starting from the left, take all the unaffected digits and add them to the results of
all the individual digits from step 1. If the results from any of the numbers from
step 1 are double digits, make sure to add the two numbers first (i.e. 18 would yield
1 + 8). Basically, your equation will look like a regular addition problem that adds
every single digit.

iii. The total from step 2 must end in zero for the credit-card number to be valid.

2 System Requirements

A requirement states what a product or service is intended to perform. It takes into
consideration the attributes and characteristics that a system is expected to possess so
as to meet the need of a user.

i. Users and Administrators must login to access the services.
ii. Users must be able to provide required information when required to.

iii. The system should provide a notification to customers showing success or failure
of their transaction which could serve as a receipt.

iv. The system should be able send an email containing the pin to a user’s email
address.

v. The system should be able to display available amount of electricity energy credit
units for purchase and the price.

vi. The system should be able to provide a payment method.
vii. The system should keep transaction history.

viii. The system should be able to generate electricity energy credit units pins for STS
Meters.
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ix. The system should be able to verify legit pin and give notification of wrong or
already used pin.

3 System Design and Modeling

System design is the process of defining the components, interfaces, modules, data and
architecture for a system to satisfy the specified requirements. This could also be seen
as the applications of systems theory to product development. Modeling helps the system
analyst understand the functionalities of the system. It is also used to validate the soft‐
ware requirement by examining from a different point of view. Modeling is used to
design a software application before coding begins. The Unified Modeling Language
(UML) is used in this paper to describe the system from various perspectives.

3.1 Activity Diagram

The activity diagram depicts the workflow of activities within the system. It graphically
represents the flow of performance of various actions by the system entities. The flow
of the system activities for the administrator is as shown in Fig. 1 below.

Admin Login

Select user 
management

Edit rate or Price of 
Units

View transaction 
history

Is login 
valid?

yes

no

Fig. 1. Activity diagram for administrator
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3.2 Sequence Diagram

This is an interaction diagram that shows how processes operate with one another and
what is their order. It shows object interactions arranged in time sequence and depicts
the objects and classes involved in the scenario and the sequence of messages exchanged
between the objects needed to carry out the functionality of the scenario. In Fig. 2 below,
the login details of administrator are validated before access is granted to the application.

Fig. 2. Sequence diagram for administrator’s activities

4 System Implementation and Comparison

SQL Server Management Studio (SSMS) was used as the relational database due to its
flexibility easy to use GUI and the easy integration it allows for with Visual Studio as
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they are both products of Microsoft. Bootstrap was used to style the web interface of
the system to ensure easy and user friendly GUI. Visual studio 2012 was used as the
Integrated Development Environment (IDE) and ASP.Net and C# as backend for design
of this project. Visual studio was used because of its adaptability. The implementation
consists of three major modules which are user interface, energy meter interface and
administrator interface. Figures 3 and 4 below are sample snapshots of the system
implementation.

Figure 3 below represents the user-friendly login screen. To gain access into the
system, a user is required to supply a valid email and password for authentication. The
use of email for login purpose was adopted because it easy for users to remember emails.
Emails are also unique worldwide and this eliminates issues of collisions in usernames.
The use of email also makes it easy to contact a user in case of emergency. Figure 4
shows a pin (4012331580375712) that was generated using the Luhn algorithm and
loaded on the application. The new balance (00781.11) also shows on the virtual meter.

Fig. 3. General login screen

The system developed has improved features when compared with other existing
systems that perform similar functions. Some of the features include ease of use, better
performance, and friendly user interface, among others. The testing methods applied to
the application included unit and integration testing in line with software development
standards. Unit testing was used to test individual modules in order to locate local errors.
With unit testing, a system developer is able to detect errors in coding and logic in each
module. Integration testing on the other hand was carried out to discover errors associ‐
ated within the interface.
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Fig. 4. Adding of units purchased after successful validation of the pin

5 Conclusion

The covenant university community electricity prepayment system was conceptualized
following the consideration of the procedures involved in the former system. With this
new platform, members of the community can from anywhere initiate and purchase
electricity utility units. The developed system followed a simple software development
approach of system analysis, design and implementation. The application is web-based
and runs both on the intranet and internet. The system was properly tested for accuracy
and performance-related functionalities. To further improved on the system, in the future
we intend to extend the application to a mobile app in order to cater for convenience
and usability attributes of the present one.
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