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ABSTRACT 
 

Corrosion is a major problem for oil and gas operators as the cost consumed each year is 

fighting corrosion are staggeringly high. Along with the implementation of cost effective 

corrosion prevention methods, the race for reducing cost consumption still goes on. One 

of the common method used to prevent the corrosion is by implementing a cathodic 

protection system to control the environment of the protected object. It is controlled by an 

injected current which coming from a power supply. Common power supply is from 

transformer rectifier unit which get supply from Tenaga Nasional Berhad. An unexpected 

event such as lightning strike the power supply system may have chances to be interrupted. 

Interrupted by mean the earth leakage circuit breaker disconnect from the supply to the 

transformer rectifier unit.  Once it being interrupted, the metal failed to be protected. Thus, 

corrosion can be occurred and lead to severe damage. The metal subjected to this project 

is the underground gas pipeline. This project propose a backup power supply by using 

solar photovoltaic (PV) system to have a continuous cathodic protection system. 
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CHAPTER 1: INTRODUCTION 
 

 

1.1 Background 

 

1.1.1 Problems of Corrosion 

 

Corrosion affect in every each part of oil and gas field. From upstream (platform, pipeline, 

machine) to downstream. The corrosion contribute problems especially in the mechanical 

structure that may lead to serious problems. The depreciation of the strength also 

exponential through time. Its means that, the cost to prevent the corrosion will save a lot 

compare to the cost to fix the corrosion [1]. 

Due to low possibility to prevent corrosion, it has becoming more obvious that controlling 

corrosion rate may only be the most economical solution. Therefore, corrosion engineers 

are struggling in making the estimation the cost of their solutions of preventing corrosion 

in conjunction with estimating the useful life of the operating equipment in the production 

line. 
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1.1.2 Impacts of Corrosion 

 

Mostly in oil and gas production industries, the impacts of corrosion are varies. Therefore, 

it often to affect more severe to environment and surrounding compare to metal loss in 

structure. 

 

Table 1: Impacts of Corrosion 

Impacts of Corrosion 

1. Reduce the thickness of metal. 

2. People injuries during structural failure. 

3. Impurities inside pipeline during transportation. 

4. Impurities affect the other major part in oil and gas. 

5. Loss of technically significant surface properties. 

6. Mechanical impairment. 

7. Cost increase to recover from corrosion. 

 

 

1.1.3 Corrosion Prevention Methods 

 

Commonly, there are four steps to prevent corrosion from occur: 

1. Adding an anode (the metal that being sacrifice) to the environments. 

2. Adding a cathode (the place where metal is protected). 

3. An electrical connection (rectifier) between the anode and cathode  

4. A liquid medium, called the electrolyte, in contact with both the anode and 

cathode (to provide transportation medium) such as soil. 

By retarding either the anodic or cathodic reaction, the rate of corrosion can be reduced. 

This can be achieved in several ways: 
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Table 2: Application of Corrosion Reduction 

Concept Main methods Applications 

Conditioning the  metal Coating the metal Organic coating, metallic 

coating, inorganic coating 

Alloying the metal Stainless steel 

Conditioning the corrosive 

environment 

Removal oxygen Using strong reducing 

agents (i.e. sulphide) 

Corrosion inhibitors Anodic inhibitors, cathodic 

inhibitors, adsorption type 

corrosion inhibitors, mixed 

inhibitors 

Electrochemical control Difference in metal 

potential 

Cathodic protection, 

anodic protection 

 

Of all the methods mentioned above, the project will be focused on electrochemical 

control which influence the difference in metal potential known as cathodic protection. 

 

1.2 Problem Statement 

 

The conventional method uses Transformer Rectifier Unit (TRU) to perform 

Impressed Current Cathodic Protection (ICCP). The TRU is bulky and requires large 

space. In addition, the TRU requires power supply from TNB which in large alternating 

current (AC) before convert it into low voltage. The problem arises when power supply 

from TNB has the chances to be interrupted due to lightning and etc. Other than that, the 

gap of power level between input and output at the TRU is large which is from 230 AC to 

10 VDC. For industrial services, the power supply is expensive compared to domestic 

usage. Approach of using solar photovoltaic to reduce the monthly cost and maintenance 

cost. Therefore, this project is to propose a proper system of solar photovoltaic to supply 

power continuously for ICCP. 
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1.3 Objectives 

 

1) To study the principles of impressed current cathodic protection in protecting 

underground carbon steel gas pipeline. 

2) To investigate the application of solar photovoltaic in harvesting energy. 

3) To propose a design of solar photovoltaic system for impressed current cathodic 

protection. 

 

1.4 Scope of Study 

 

The scope of work of this study includes the understanding the principle of cathodic 

protection for underground gas pipeline. The fundamental of CP is the most important for 

this project. In order to have a clear objective, impressed current cathodic protection is 

chosen to be the one focused in the CP system. It is because only impressed current 

technique uses conventional transformer rectifier unit as power supply for the CP system.  

The conventional TRU also being included in the study due to its relativeness in 

providing power supply to replace it with solar photovoltaic. Therefore, the designing 

phase of the prototype related to solar photovoltaic is included. 

For experimental purpose, the current and voltage from the output of the solar PV 

system will be monitored and recorded with Arduino. Current sensor and voltage divider 

are used to do the task. 
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CHAPTER 2: LITERATURE REVIEW 
 

2.1 Cathodic Protection 

 

One of the method that widely used to prevent corrosion in metal is Cathodic 

Protection (CP). CP is commonly applied in metal that is buried underground or in the sea 

such as oil and gas pipeline, submarines, underground tank, ship blade etc. Applying CP 

to the metal can increase the life span of the metal. CP can be divide into two (2) types. 

Firstly, Sacrificial Anode Cathodic Protection (SACP) and secondly Impressed Current 

Cathodic Protection (ICCP).  

 

2.1.1 Sacrificial Anode Cathodic Protection (SACP) 

 

For sacrificial anode, there will be no injected current as illustrated in figure 1, 

only the electrochemical reaction will provide the protection for the metal. It uses the 

natural potential difference that exists between the structure and second metal in the same 

environment to provide driving voltage [2]. 

Electron flow

Ground Level

Sacrificial 
anode (M)

Protected 
Metal

Positive 
current flow

Mn+

Mn+

 

Figure 1: Schematic diagram of cathodic protection using sacrificial anode. 
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𝐹𝑒 → 𝐹𝑒2+ + 2𝑒−                        (1)  

𝑂2 + 2𝐻2𝑂 + 4𝑒− → 4𝑂𝐻−      (2) 

From the chemical equation above, cathodic polarization decrease the speed of 

half-cell reaction (1) with an surplus of electrons, which decrease the speed of oxygen 

production and increase the OH- production by reaction (2) [3]. 

 

2.1.2 Impressed Current Cathodic Protection (ICCP) 

 

Impressed current 
anode in ground 

bed
Positive current 

flow (ionic)

Rectifier

Ground Level

+-

Carbon Steel Pipe 
(Protected metal)

 

Figure 2: Schematic diagram of cathodic protection using impressed current technique. 

 

Figure 2 depicts the use of rectifier or an external power supply to provide cathodic 

polarization of structure. The impressed current technique compromises of the rectifier, 

impressed current anode bed, aqueous solution environment and the metal to be protected. 

Figure 2 also illustrates the movement of current from rectifier through anode bed 

to carbon steel pipe. From studies, the electrons move in the opposite direction to the 

movement of current. Thus, from the diagram, it shows that the rectifier injects the 
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electron to the pipe specifically to the corroded surface of metal structures in order to 

accumulate the electrons to reduce the half-cell reaction and increases the rate of oxygen 

reduction [4]. Meanwhile, the anode bed (Magnesium or Zink) will decompose and 

become the sacrificial anode, where the corrosion normally occurs. 

 

2.2 Transformer Rectifier Unit 

 

Transformer rectifier unit consists of transformer and rectifier. The transformer 

used in the TRU is step down transformer which is used to reduce the alternating current 

voltage from the TNB supply. Then, the output from the transformer connects to the input 

of the rectifier. The rectifier function as a converter which convert alternating current to 

direct current. The impressed current technique requires direct current as power supply. 

There are two types of transformer that are widely used in oil and gas industry 

depending on the location of the installation. For example offshore platforms, cast resin 

dry type transformers are preferred due to zero maintenance and small foot print. 

Meanwhile for onshore, oil type transformers as in figure 3 are used due to lower cost for 

installation and maintenance. 

 

Figure 3: Oil type transformer for cathodic protection station. 
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Currently, the conventional transformer rectifier unit (TRU) utilise supply voltage 

of 230 VAC in a cathodic protection station as depict figure 4. Figure 4 shows the voltage 

level out from TRU is 10 VDC and to be injected to the pipe. This system depend on 

Tenaga Nasional Berhad (TNB) power supply which probably has the chance of tripping, 

thus the pipe would not be protected. 

 

Figure 4: Transformer Rectifier Unit 

The word corrosion is used to define the reaction of a material with its 

surroundings or electrolyte that produces measurable changes and can lead to impairment 

[1]. The material that interrelated to this project is from natural gas pipeline which is 

carbon steel. Meanwhile the surroundings is the soil due to the pipe is buried underground. 

Corrosion usually can occur in two condition. The first condition where corrosion happen 

in the same metal with different environment. Secondly, the corrosion occurs in different 

metal but with the same environment. In every corrosion processes, the speed of the 

anodic reaction must equal the speed of the cathodic one [5, 6]. 

Rectifier unit supplies current for ICCP [1, 7]. From figure 2, the rectifier unit 

provides direct current voltage to the anode bed. The current flows through the anode bed 

and jump to the pipe. Throughout this method, corrosion can be minimized to nearly zero 

through cathodic protection and well-maintenances system provide protection 

periodically [3, 8]. Over protection to the underground pipeline may lead to coating defect. 
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Coating is primary form of corrosion prevention followed by other prevention 

system [9]. The purpose of a barrier coating is to insulate the anode and cathode of the 

corrosion cell from the environment [2]. For example, three (3) layer fusion bonded epoxy 

(FBE) that is used for natural gas pipeline. In genuineness, there is no perfect design that 

can prevent corrosion in total. The coating also provided with a coating defect that as big 

as pin hole which provide a complete circuit for cathodic protection system. 

 

2.2 Solar Photovoltaic 

 

The term photovoltaic is derived from the Greek work “photo” which means light 

and “volta” named for Alexander Volta, who did some of early work in electrical 

development [10]. From the two nouns it combined and form photovoltaic. 

Harvesting sunlight into electricity is one of the renewable source that can be 

collected using solar photovoltaic system. The electricity generated usually being stored 

in battery or used directly. It also can be used to support the grid depending on its rating. 

Solar PV can be one of the reliable and green source of electricity that have many 

application worldwide [11]. 

In solar PV system, contain four types of major components depend on criteria of 

the design itself. A simple solar PV system includes solar panel, charger controller, battery 

and converter or inverter. In this proposed system, the solar panel will collect the sun 

radiation and convert into electricity as the output. Then, the charger controller will 

control the input to the battery to prevent overcharging and several protection. Thus, it 

protects the battery from damage and increases the lifespan of the battery itself. The 

battery is the place where the electrical energy stored in order to provide current supply 

to the metal employed as the cathode [12]. Last but not least, the inverter either to change 

direct current into alternating current or vice versa and the converter that can be used to 

change the level of voltage or current depending on the application for the system [13]. 

The most commercial solar cells nowadays are silicon-based structures [10]. The 

photovoltaic (PV) power technology uses semiconductor cells (wafers), generally several 
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square centimeters in size. From the solid-state physics point of view, the cell is basically 

a large area p-n diode with the junction positioned close to the top surface. The cell 

converts the sunlight into direct current electricity. Numerous cells are assembled in a 

module to generate required power. 

The photovoltaic cell, then, converts light directly into electricity. The process 

produce electricity without producing carbon dioxide [14].The physics of the PV cell is 

very similar to the classical p-n junction diode is shown in figure 4. 

N - contact

P - contact

Electron flow

Electric 

load

light

I

V

-

+

 

Figure 5: Physics of Solar Photovoltaic System 

After the junction absorbed the solar light, the absorbed photons energy drained to the 

electron system of the material, produce charge carries that parted at the junction. The 

charge carriers may be electron-ion pairs in a liquid electrolyte or electron-hole pairs in a 

solid semiconducting material. The presence of charge carriers in the junction produce a 

potential sloop. It accelerated through an electric field and circulate as current. Thorough 

formula of power is equal to current measured squared multiply by the resistance of the 

external circuit. The remaining power will dissipates as heats. 
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CHAPTER 3: METHODOLOGY 
 

3.1 Project Flow Chart 

 

The project starts with gathering information through journals and research paper. 

The information then analyze critically to gain the core idea of the project based on the 

title proposed. From the title proposed, the problem statement is projected to lead the 

objectives. The case studies are constructed after stated the objectives. The literature 

reviews are focused on cathodic protection. 

The project main activities are basically divided into two sessions. One is the activities 

that are conducted to calculate transformer rectifier unit power requirement for cathodic 

protection unit and the other activities are conducted to design solar PV system to 

accommodate the power requirement from transformer rectifier unit. 

Start

Title Selection

Study on principle of Cathodic Protection, Solar 

PV System Design and Energy Harvester

Proposed system design

Benchmark experiment

Gathering Materials

Build Prototype

Testing
Fail

Finalise Design

Recommendation

Success

 

Figure 6: Final Year Project Flowchart 
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3.2 Activities Description 

 

To elaborate more on the previous section, the system design basically involve four 

phases (not in actual sequence): 

Determine Power 

Consumption on Rectifier

Sizing the PV Panel

Sizing the Battery

Sizing the Solar Charger
 

Figure 7: Four Phase of Designing Solar Photovoltaic System 

 

3.2.1 Solar Photovoltaic System Design 

 

The solar PV system for the prototype consist of solar photovoltaic, charger 

controller, battery and converter as depicted in figure 8. The solar PV module collects the 

solar radiation to be converted into electricity. The charger controller controls the charging 

with pulse width modulation switching to increase the charging battery efficiency and 

long lasting. The battery is where the electron stored and discharge to load. The converter 

controls the level of output voltage from the battery. 
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Solar Photovoltaic

Charger Controller

Battery

Converter

Solar PV will 

charge the battery 

through charger 

controller

Charger controller 

will control the 

charging time for 

the battery

The battery will 

store electrical 

energy and connect 

to the converter

The converter will 

control the output 

voltage to be support 

by the pipe for 

cathodic protection 

 

Figure 8: Material Selection with Relation between Components 

 

Power Consumption 

From the TRU at CP station, the rectifier requires to supply 10V and 2.5A for 2 hours per 

day (maximum response time). The power consumption from the rectifier calculated as 

below. 

10𝑉 × 2.5𝐴 ×
2ℎ

𝑑𝑎𝑦
= 50𝑊ℎ/𝑑𝑎𝑦 

Total PV panel energy needed is the energy required per day multiply with added energy 

lost in system. 

50𝑊ℎ

𝑑𝑎𝑦
× 1.3 = 65𝑊ℎ/𝑑𝑎𝑦 

Size of PV Panel 

The solar PV panel used is polycrystalline type to save the area of space required. For the 

size of PV panel, the total Watt-peak (Wp) calculated from PV panel capacity needed 

divide with panel generation factor in Malaysia which is 3.4.  
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65𝑊ℎ/𝑑𝑎𝑦

3.4
= 19.11𝑊𝑝 

Number of PV panels needed calculated as below. The 10Wp is from the datasheet of 

solar panel. 

19.11𝑊𝑝

10𝑊𝑝
= 1.911 ≈ 2 

The number of PV panels needed are 2 modules. 

 

Battery Sizing 

Total uses energy for the system calculated as below. 

25𝑊 × 2ℎ𝑜𝑢𝑟𝑠 = 50𝑊ℎ 

Nominal battery voltage = 12 V 

Nominal Ampere-hours battery = 7.2Ah 

Days of autonomy = 1 days 

Battery capacity calculated as below. 

50𝑊ℎ ×
1

0.85 × 0.6 × 12
= 8.17𝐴ℎ 

Total Ampere-hours required = 8.17 Ah 

Number of battery required as below. 

8.17𝐴ℎ/𝑑𝑎𝑦

7.2𝐴ℎ / 𝑑𝑎𝑦 𝑢𝑛𝑖𝑡
= 1.1347 𝑢𝑛𝑖𝑡 

Total number of battery required is 2 units. 
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LS0512 Solar Charger Controller Selection 

Solar charger controller (SCC) selected for this project is LandStar series solar 

charger controller that adopts the most advanced digital technique and operates fully 

automatically. It use Pulse Width Modulation (PWM) technique to charge the battery to 

increase the lifetime of battery and improve the solar system performance. The switching 

part is taken by electronic switch; MOSFET. It adopt temperature compensation, correct 

the charging and discharging parameters automatically. Included with electronic 

protection such as overcharging or discharging, overload, reverse polarity and even short 

circuit. 

The SCC rating is 60 Watt. By default, it can support up to 6 units of 10 Watt solar 

PV panel. The number of battery that can be installed is unlimited but will increase the 

time take for the battery to fully charge. 

 

3.2.2 Prototype Casing Design 

 

The casing for the prototype is designed by using AutoCad software. It designed 

to be compact and portable as it will be installed together with TRU in CP station. The 

material used for the casing is acrylic, which easy to cut and fabricate. The figure 9 below 

portrays the second version of the prototype casing. The first version of design is much 

more bulky compared to second version. 
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Figure 9: The Casing of Prototype 
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3.3 Project Gantt chart 

 

The Gantt chart for Final Year Project I and Final Year Project II are shown below. 

Table 3: Gantt chart for Final Year Project I and Final Year Project II 

 

The Gantt chart is divided into FYP I and FYP II. In FYP I, the schedule is majorly on 

study, research and documentation for cathodic protection and solar PV design. The 

project is focused in designing power supply for TRU by using solar. The designing part 

require basic calculation to calculate total number of solar PV module required and total 

number of battery required. This project systematically follows the schedule in order to 

meet the expectation of the results. Meanwhile in FYP II, the schedule is critically on 

prototyping completion and testing. The prototype is designed and fabricated before being 

tested. The testing conducted to measure and record the current and voltage of the battery 

across the time.  

 

 

 

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Title Proposal

Preliminary Research / 

Data Collection

Extended Proposal

Solar PV System 

Design

Proposal Defend

Gathering Materials

Interim Report

Progress Report

Fabrication Prototype

Prototype Testing

Project Dissertation

Activities

Week No.

FYP 1 FYP 2
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3.4 Project Key Milestone 

 

Towards the project research, key milestone being set up to accomplish the desired 

design. The key milestones are as follow: 

 

Table 4: Key Milestones for Final Year Project 

 

The milestones for FYP I is achieved perfectly according to the time frame planned. In 

FYP II has three milestones which are completion of fabrication prototype, completion of 

prototype testing and completion of project dissertation. The progress report is completed 

in week 8. The prototype is tested together with completion of fabrication. The project 

dissertation is on schedule for completion. 

 

 

 

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Completetion of the 

Title Proposal by FYP 

Committee



Completion of the 

Preliminary Research 

and Data Collection



Completion of Solar PV 

System Design


Completion of Interim 

Report Documentation


Completion of 

Fabrication Prototype


Completion of 

Prototype Testing


Completion of Project 

Dissertation


Activities

Week No.

FYP 1 FYP 2
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CHAPTER 4: RESULTS AND DISCUSSION 
 

In order to prepare a stable system before being implemented, few parameters need to be 

analyzed such as time taken for battery to reach fully charge, the lowest voltage before 

the charger controller trigger to recharge. These two parameters are crucial in term of 

readiness to be operate at interrupted time. 

From the figure 10, the voltmeter and ammeter are connected to monitor the parameters 

through time. The objective of recording the current and voltage is to study the fluctuating 

of the current and voltage which affected by solar radiation. Arduino is used together with 

current sensor to collect the value for the parameter.  

Battery

Charger Controller

DC-DC 
Converter

Anode 
Bed

Pipe

Arduino

Solar Panel A
Solar Panel B

A
A

VV

 

Figure 10: Voltmeter and Ammeter Position for Data Measurement 
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Figure 11: Testing Conducted under Direct Sunlight 

 

Table 5 depicts the voltage of battery that is not connected to charger controller, battery 

that is connected to charger controller and solar PV that is connected in parallel. The 

current flows measured shows from the SCC to battery, from solar PV A to SCC and from 

solar PV B to SCC. 
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Table 5: Parameters Recorded for Voltage and Current of the Solar PV System 

 

The data recorded in table 5 for every set of period from 2:37PM until 4:25PM shows the 

instantaneous voltage and current for battery and solar PV. The voltage recorded for 

battery (not connected) initially at 12.617V and finished at 12.999V. The battery need to 

be measured in open circuit condition before and after the charging in order to isolate the 

battery from the SCC circuit. Other than that, the SCC is using PWM switching to charge 

the battery, once the battery is disconnected from the SCC and connected back, the PWM 

switching will automatically restart its period from smaller to bigger step size. Thus, it 

will affect the time take for the battery to fully charge. 

For the voltage of parallel solar PV, the initial value is 19.804V which is not connected to 

SCC and after connected to SCC the voltage drop to maximum of 13.942V. This is due to 

power consume in the SCC circuit. The current recorded over the period for the battery 

started at 0.35A and finished at 0.25A. For the solar PV, the current started at 0.350A and 

0.26A. From the data, it shows that approximately input current equal to output current. 

The input current is the current from the solar PV and the output current is charging 

current. 
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(V)
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(A)

Open 

Circuit 

Voltage 

(V)

Voltage 

(V)

Current 

(A)

Open 

Circuit 

Voltage 

(V)

2:37 12.934 0.35 12.617 13.029 0.35 20.271 3:32 13.444 0.56 13.551 0.56

2:40 12.797 0.12 12.863 0.12 3:35 13.36 0.45 13.446 0.45

2:45 12.791 0.09 12.851 0.1 3:37 13.417 0.5 13.513 0.5

2:48 13.081 0.47 13.207 0.47 3:40 13.058 0.008 13.112 0.009

2:50 13.172 0.46 13.256 0.46 3:42 13.476 0.55 13.557 0.56

2:52 13.161 0.44 13.27 0.44 3:44 13.478 0.56 13.58 0.56

2:53 13.129 0.33 13.169 0.33 3:46 13.113 0.09 13.143 0.1

2:56 12.781 0.23 13.084 0.23 3:49 13.337 0.4 13.38 0.4

2:58 12.949 0.13 13.011 0.14 3:50 13.388 0.45 13.494 0.45

3:00 13.131 0.33 13.194 0.33 3:52 13.372 0.42 13.456 0.42

3:02 13.296 0.52 13.381 0.53 3:54 13.033 0.06 13.088 0.07

3:03 13.431 0.66 13.491 0.65 3:57 12.984 0.03 13.091 0.05

3:05 13.332 0.55 13.507 0.55 3:59 13.049 0.07 13.078 0.08

3:07 13.1 0.23 13.167 0.24 4:01 13.374 0.43 13.476 0.44

3:10 13.144 0.24 13.288 0.25 4:03 13.425 0.47 13.525 0.47

3:11 13.315 0.63 13.475 0.63 4:05 13.473 0.45 13.662 0.45

3:13 13.373 0.65 13.497 0.65 4:07 13.462 0.47 13.533 0.47

3:14 13.503 0.69 13.615 0.69 4:09 13.455 0.42 13.942 0.42

3:17 13.206 0.33 13.293 0.33 4:10 13.395 0.45 13.539 0.46

3:18 13.349 0.55 13.449 0.55 4:11 13.411 0.4 13.501 0.41

3:21 13.28 0.43 13.363 0.44 4:13 13.242 0.23 13.319 0.24

3:22 13.376 0.5 13.472 0.5 4:15 13.338 0.35 13.426 0.36

3:24 13.39 0.49 13.487 0.5 4:17 13.42 0.4 13.512 0.4

3:26 13.393 0.53 13.516 0.53 4:19 13.334 0.31 13.42 0.32

3:28 13.416 0.56 13.556 0.56 4:21 13.288 0.26 13.351 0.27

3:30 13.449 0.56 13.546 0.56 4:23 13.266 0.25 12.999 13.343 0.26

Solar PV

Time

Battery Solar PV

Time

Battery
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Figure 12: Graph of Voltage versus Time 

From figure 12, the battery voltage is lower than solar PV voltage. This is due to input 

voltage which is from the solar PV will always higher than the output which is the 

charging voltage. When it is connected to the SCC, the voltage will drop due to power 

consumption from the SCC circuit.  

From the voltage of solar PV, the slope is changing rapidly. This is due to climate change 

such as the weather become cloudy and back to normal at sudden. This situation is 

unpredictable and not under human control. The rapid changes also from the SCC itself 

which has different type of mode for charging to prevent overheating and excessive 

battery gassing. The variety of mode is for long lasting of battery usage. When the battery 

is fully charge at 14V, the PWM will go to float charge mode which will reduce the voltage 

for charging the battery. At this stage, loads draw power directly from the battery. 
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Figure 13: Graph of Current versus Time 

From figure 13 above, it plots the value for current across the time from 2.37PM to 

4.25PM. The current from the solar PV approximately equal to the current injected to the 

battery. This is due to solar PV supplied current affected from the solar radiation. When 

the solar radiation is not sufficient for the solar PV, low power will be supplied to the 

battery. 
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CHAPTER 5: CONCLUSION 
 

The objectives for this project are achieved. The principles of impressed current cathodic 

protection in protecting underground carbon steel gas pipeline is studied with guided from 

the references. The investigation of solar photovoltaic in harvesting energy has been done 

in order to design the solar PV system for impressed current cathodic protection. The 

prototype of solar PV system for impressed current cathodic protection has been 

completed. The data collected contain high efficiency of 99.2% based on input and output 

of the system. 

The solar PV system have a lot of potential to be coupled together with the TRU for 

cathodic protection system. Besides giving continuous supply during interrupted supply, 

solar PV reduces the cost of commissioning and maintenance. Thus, the underground 

carbon steel underground gas pipeline is continuously protected. 
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CHAPTER 6: RECOMMENDATION 
 

The system is designed to become the backup supply after the primary supply having a 

failure, to become fully green system, it is recommended to become the primary supply 

for the CP system. 

Other than that, the system load is not always fixed at a value due to soil resistivity and 

environment. Therefore, load monitoring is recommended. It will give analog input that 

can be analysed and programme using Arduino. Thus, to have a monitoring voltage using 

Arduino and pulse width modulation (PWM) that can adapt the voltage to be in the range 

of voltage where the pipe is protected is one of the recommendation that can be included.  

In order to receive optimum solar radiation, the solar panel need to always facing the sun. 

Due to that, the system can be improved by a controlling device to control the angle of the 

solar panel to always facing the sun. 

From the result and discussion, it is important to have consistency in data sampling. In 

order to have the consistency the data sampling need to be increased into 30 days in order 

to improve the analysis on charging of the battery. 

 

 

 

 

 

 

 

 

 



26 

 

REFERENCES 
 

[1] W. S. W. Von Baeckmann, and W. Printz, Editors, Handbook of Cathodic 

Corrosion Protection - Theory and Practice of Electrochemical Protection 

Processes, 3rd ed. Houston, TX: Gulf Professional Publishing Company, 1997. 

[2] S. M. Bashi, N. F. Mailah, and M. A. Radzi, "Cathodic protection system," in 

Power Engineering Conference, 2003. PECon 2003. Proceedings. National, 2003, 

pp. 366-370. 

[3] K. In-Dong and N. Eui-Cheol, "Module-type switching rectifier for cathodic 

protection of underground and maritime metallic structures," Industrial 

Electronics, IEEE Transactions on, vol. 52, pp. 181-189, 2005. 

[4] W. Xiaohua, H. Meijiao, H. Yao, G. Jun, G. Shouwei, and M. Zhonghua, "Design 

and implementation of the remote control of ICCP systems," in Control and 

Decision Conference (2014 CCDC), The 26th Chinese, 2014, pp. 3543-3546. 

[5] F. Ferraris, M. Parvis, E. Angelini, and S. Grassini, "Measuring system for 

enhanced cathodic corrosion protection," in Instrumentation and Measurement 

Technology Conference (I2MTC), 2012 IEEE International, 2012, pp. 1583-1587. 

[6] S. A. Bradford, Corrosion Control. New York: Van Nostrand Reinhold, 1993. 

[7] V. A. a. C. J. L. Booker, Cathodic Protection - Theory and Practice. Chichester, 

U.K., 1986. 

[8] P. Pedeferri, "Cathodic Protection and Cathodic prevention conservation and 

building materials,"  vol. 10, ed, 1996, pp. 391-402. 

[9] P. R. Roberge, Handbook of Corrosion Engineering. Hightstown, N.J.: The 

McGraw-Hill Companies, Inc, 2000. 

[10] M. O. Durham, "Solar Powered Cathodic Protection Using Residual Potential," 

Industry Applications, IEEE Transactions on, vol. IA-23, pp. 433-439, 1987. 

[11] K. M. Trautz, P. P. Jenkins, R. J. Walters, D. Scheiman, R. Hoheisel, R. Tatavarti, 

et al., "Mobile Solar Power," Photovoltaics, IEEE Journal of, vol. 3, pp. 535-541, 

2013. 

[12] S. S. B, K. P. Pranav, and K. Raj R, "Solar powered corrosion prevention in iron 

pipelines using Impressed Current Cathodic Protection," in Environment and 



27 

 

Electrical Engineering (EEEIC), 2014 14th International Conference on, 2014, 

pp. 372-377. 

[13] P. R. Mishra, J. C. Joshi, and B. Roy, "Design of a solar photovoltaic-powered 

mini cathodic protection system," Solar Energy Materials and Solar Cells, vol. 

61, pp. 383-391, 4/1/ 2000. 

[14] H. N. Afrouzi, S. V. Mashak, A. M. Dastgheib, and J. Tavalaei, "Economic Sizing 

of Solar Array for a Photovoltaic Building in Malaysia with Matlab," in 

Informatics and Computational Intelligence (ICI), 2011 First International 

Conference on, 2011, pp. 306-311. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



28 

 

APPENDICES 
 

Appendix A – ACS712 Hall Effect Current Sensor Datasheet



29 

 



30 

 



31 

 



32 

 



33 

 



34 

 



35 

 



36 

 



37 

 



38 

 



39 

 



40 

 

 

 

 



41 

 

 

 

 

 

 



42 

 

Appendix B – LS0512 Solar Charger Controller Datasheet 
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Appendix C – Shield LCD User’s Manual
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