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ABSTRACT 

Batteries provide power to the protection and control equipment including relays, circuit 

breakers and other auxiliary devices. If the battery fails then the substation is left unprotected 

thus battery maintenance is one of the most critical aspects to ensuring power to consumers when 

there is an outage or a system failure. Currently, battery maintenance programs consist of  the 

Supervisory Control and Data Acquisition systems (SCADA) in addition to the monthly, 

quarterly, and annual manual measurements of cell and overall battery voltages, specific gravity, 

fluid level, connection resistance, and visual observations which are prone to human error. These 

methods also require the technical personnel to always be physically present at the substation if 

he or she wants to know about the status of the battery which makes it hard for him or her to 

know in case there are any abnormal conditions in the state of the batteries. This system utilizes 

the use of the temperature sensor, electrolyte level sensor, voltage sensor and a GSM modem 

which helps to notify the technical personnel about the status of the battery as regards the 

temperature, the electrolyte level and the voltage of the battery by sending an SMS. This system 

therefore helps the technical personnel to monitor the performance of the batteries remotely 

without him being physically present at the substation. 
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CHAPTER ONE 

INTRODUCTION 

1.1Background  

A distribution system is a part of electric power system that routes electric power to consumer 

loads with inductive, capacitive and resistive characteristics. It consists of network components 

such as distribution substation, primary and secondary distribution lines, distribution 

transformers, voltage regulators, shunt compensators and consumer loads and batteries [1].  

Batteries provide power to the protection and control equipment including relays, circuit 

breakers and other auxiliary devices. If the battery fails then the substation is left unprotected. 

Today, it has become obvious to users that battery performance cannot be taken for granted. 

The cost of failures makes the cost of monitoring seem insignificant, especially in large data 

center applications where even a momentary power glitch to the computers can equate to many 

millions of dollars in losses [2]. 

Substation backup battery maintenance is one of the most critical aspects to ensuring power to 

consumers when there is an outage or a system failure. Without a proper battery testing 

solution and preventative maintenance, the Bulk Electric System (BES) is compromised causing 

significant revenue loss and safety hazards [3].  

As more and more emphasis is placed on availability and reliability of critical power systems, 

organizations need to understand that without properly operating batteries, no emergency power 

system can do its job. Batteries are the heartbeat of this system, and when well-managed, they 

protect critical operations and help facility managers avoid the high cost and detrimental impact 

of unplanned downtime [4]. 

The US Department of Energy reported electric emergency incidents and disturbances are on the 

rise with approximately 23 percent more events reported last year as compared to 2013. These 

outages or disturbances can cost facilities thousands or even millions of dollars if their 

emergency power systems do not immediately switch on and provide back-up power. Ensuring 

that emergency power systems will provide reliable back-up power begins with battery 

management. Batteries are considered the most critical, yet vulnerable component of emergency 

power systems. Battery failure is one of the leading causes of back-up power system failure and 

the resulting outages and losses [5].  

http://www.eepowersolutions.com/about-us
http://www.eepowersolutions.com/about-us
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Monitoring DC battery system at power distribution substation and ensuring that it is sufficiently 

healthy to carry the intended load is a remedy to total power outages.  

Currently, battery maintenance programs consist of  the Supervisory Control and Data 

Acquisition systems (SCADA) in addition to the monthly, quarterly, and annual manual 

measurements of cell and overall battery voltages, specific gravity, fluid level, connection 

resistance, and visual observations which are prone to human error. Most of these substations are 

found to be located in remote areas and that their maintenances are costly, time-consuming, and 

labour-intensive [6].  

This therefore calls for a system that can remotely monitor parameters that affect battery 

performance like temperature, voltage, current and the electrolyte level of the batteries and send 

a Short Message Service (SMS) to the technical personnel via a GSM modem technology 

regarding the status of the battery. 

1.2 Problem Statement  

Currently, battery performance is being monitored by the Supervisory Control and Data 

Acquisition systems in addition to the manual checks by the technical personnel, in an 

infrastructure emergency which requires immediate attention such as the cascading failure of a 

power grid , SCADA operators are often off site and need to gain immediate remote access to the 

command facilities of the network which becomes very difficult for them since they have  no 

way to access the information unless they are physically present at the substation. Thus the need 

to monitor the performance of the batteries remotely based on the GSM technology which is 

more cost effective.  

1.3 Project objectives  

The objectives of this study are divided into two parts that is general/main objective and specific 

objectives. 

1.3.1 Main objective 

To design and implement a battery monitoring system for a power distribution substation based 

on the GSM technology. 

1.3.2 Specific objectives 

1. To study and assess the current battery performance monitoring systems at power 

distribution substations. 

2. To design and construct a battery monitoring system using the study requirements. 
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3. To program the microcontroller to suit the system. 

4. To test and validate system. 

1.4 Justification 

Battery performance is currently being regularly monitored by the Supervisory Control and Data 

Acquisition systems in addition to carrying out visits to substations, which is costly and prone to 

human errors.  

However, this system helps the maintenance personnel monitoring the substation to query the 

system and get a response on the battery status in addition to system automatic alerts sent to him. 

This is deemed a cost effective strategy as any sudden negative change in battery behavior can be 

communicated to technical personnel in real time without him or her being physically present at 

the substation. 

1.5 Scope  

The project involved designing and constructing a real time power distribution substation battery 

voltage, electrolyte level and temperature monitoring device based on GSM technology. The 

project utilized Atmel’s 8-bit RISC AVR chip;-the ATMEGA328P-PU microcontroller. A 

custom voltage sensing circuit was designed for voltage sensing and monitoring. KL09 and 

TMP36 sensors were utilized to monitor the electrolyte level and temperature of the battery 

respectively. All the readings of temperature, acid levels and voltage are alphanumerically 

displayed in real time on a 16x2 character LCD. The device was interfaced with a SIM900 GSM 

modem to provide remote access of the device readings using SMS technology. 
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