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Design and Implementation of Customized Enhanced
Patient Calling Device Using PIC Microcontrollers

Falmata B. Wakil1, Usman Ali1, Dr. Abdulfattah, A. Aboaba2 and Tijani,
Bura, Ngajia31Department of Computer Engineering, Ramat Polytechnic Maiduguri, Nigeria2Department of Computer Engineering, University of Maiduguri, Nigeria3Department of Electrical and Electronic Engineering, Ramat Polytechnic Maiduguri

1.0 IntroductionThe customized enhanced patient calling device (EPCD) is a microcontroller basedelectronics device, designed depending on the prevailing situation in a specific medicaloutfit in order to help medical workers to manage queues. It works by electronicallyqueuing patient in chronological order with extra ability to take care of patient(s) thatis/are absent on the queue when called (absent queuee) using the slot-back model
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Abstract: In both traditional and electronics based system of queue, queue management is still an
issue for both customer and facility manager, especially in medical facilities. In the traditional queue,
patients sit in chronological order and then continuously shift forward as early comers go into
consultation with doctors. In this arrangement, order is usually disrupted when a queuee leaves and
wanted to return to his former position. On it part, the electronics based queues call patient by means
of dedicated electronic hardware but fails to account for absent queuee. While the problem of
arranging patients in chronology order of arrival had been solved with the introduction of
electronics queue management system, the issue of absent queuee is still beyond present technology
even the most advanced system in which patient calling system is linked with patient database that
solves the problem of physical file movement. The Enhanced Patient Calling Device [EPCD] is a
microcontroller-based queue management system designed with the ability to handle absent patients
from the queue in the form of a ‘slot-back’, using ‘slot-back model equation’ coded onto PIC18F45K22
and PIC16F877A microcontrollers. The developed device presented here is capable of electronically
queuing patients for consultation with doctors, enables a doctor to send patient to pharmacy or
other units within the facility, allows the doctor to slot-back an absent patient, and permits the
doctor to attend to other issues like emergency via the use of ‘busy’ key.

Key words: Queue management, Slot-back model equation, Patient calling, absent queuee, and
Microcontroller
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equation in Aboaba , Abideen, & Dibal (2017). Thus, leading to drastic improvement inmanaging patient’s queues.  Traditionally patients that come to consult with doctor in thehospital sit in a chronological order, with patients facing the problem of lengthy queues andunpredictable waiting time. This situation is still in existence in the developing countries.This method of managing queue results in stress especially for seriously ill patients andeven the facility staff related to queue management. In advanced situations, an electronicscalling system is used where patients are tallied and the tally number is displayed on ascreen when it is the turn of the patients to consult with the doctor, and files are collectedmanually at the record office and then arranged before the doctor. In a more advancedsituation, the electronics tallying and calling system are linked with patients’ electronicsdatabase in which a called patient medical record appears on the doctor’s PC from wherehe reads and writes his observation and prescriptions and passes the record to the nextlocation. However, all the aforementioned queue management systems do not take care ofpatients that are absent from the queue as at when called (absent queuee).
2.0RELATED WORKSMany research works had been presented aimed at addressing specific area in queuemanagement in general and patient queue in particular. In Mucsi (2011) an AdaptiveNeuro-Fuzzy Inference System for estimating the number of vehicles for queuemanagement at signalized intersections was proposed. The main purpose of the work isonly to count the number of vehicle approaching and leaving a traffic junction but worksuccesfully at the prototype level. It can also be expanded to work in real life. Basil & Aswin(2013) presented a novel intelligent System for Efficient Queue Management.The systemwas tested and the results show a lot of efficiency in managing queue for the public placesbut the system was unable to call out token numbers with speaker and can handle only 100customers. Software based Queuing Model for Health Care Pharmacy was also proposed inMohammed et al (2015). The main purpose of the work is to manage queue for outpatientpharmacy workflow in the hospital. But it only stops at the prototype and also does nothave the capacity for slot-back which enables the patient to attend the call of nature andother exigencies. The use of GSM Technology in queue management was reported in thework of Arun & Priyesh (2013). The design was tested and found to be working accordingto the specification but the system cannot get location of the customer and cannot calculatedistance between customer and the service area. Ramasamy & Chua (2012)advanced a new way of queue management which is electronics based with SMSnotification. At the beginning, a queue management devise will issue a queuee with ticketand the device later announces the ticket number when service is available. This eliminatesthe need to stand in line while waiting.  This work was design to manage queue in banksand does not have the ability to handle slot-back if a customer is absent. More so, thedesign stops at the prototype, cannot handle search function and does not generatecustomer information by range of date. Bhupender et al (2017) proposed a heterogeneousqueuing system with reverse balking reneging but the limitation of the work is that it islimited only to two heterogeneous servers and does not have capacity for slot back. Bylayatet al (2011) designed a microcontroller-based systems aimed at maintaining queues withorder and efficiency using two different queue control systems. The two systems wereimplemented with slight difference features resulting in EQC system-1 and EQC system-2.EQC system-1displays token number and service counter number whereas EQC system-2
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display token number individually in each service counters with separate displays.However, the system cannot determine the total number of customers per certain time. Thedescription of the implementation of paperless queue management system with the aid ofArduino UNO microprocessor board was presented in Jidin & Yusof (2016). The system hasthe potential to reduce paper usage at customer service premises. Furthermore, it alsoprovides additional features such as SMS Reminder generation and ability to processremote ticket requests via SMS which allows more efficient queue management. However,there are rooms for improvement, to make the system more useful, more reliable andeffective. It may contribute to green technology.Furthermore, Rashid at el (2016) proposed a system called Automation of QueueManagement System for organizing queuing systems; it works by initially analyzing thequeue status and then takes decision as to which customer to be served first. The workfocuses on the banks queuing system, and different queuing algorithm approaches whichare used in banks to serve customer and the average waiting time. The queuingarchitecture model can switch between different scheduling algorithms according to thetesting result. However, the work stops at prototype and camera is also needed for thebank manager to see customer from far away. An attempt to retain bank customers at theATM points who are dissatisfied with lengthy queues and unpredictable waiting time wasimplemented only to the level of simulation by Rahman (2013). The work of Aboaba, Dodo,Umar, Samuel, &Amaza (2015) tries to solve the problem of inability of both the traditionaland modern queue system in handling absentees. It is a microcontroller based system thattallies patients and displays the tally number on the LCD, and also has the ability to handleabsentees in the form of slot-back model equation. However, the work only end at theprototype stage and the slot-back model equation is deficient. Nevertheless, the deficiencyin the slot-back model equation was corrected in Aboaba et al (2017).The current work is an improvement on Aboaba et al (2015) and Aboaba et al(2017) in that both the slot-back model equation and hardware implementation have beenmodified and implemented in real life. Thus, an absent patient would be slot-back into thequeue owing to the slot-back position (SbP) equation already coded into themicrocontroller, the equation is given as:
= × 1( ) + ……………… . . ( )

where: LATA is Longest Average Time of AbsenceACT is Average Consultation TimeNDD is Number of Doctor on Duty
3.0 MethodologyThe focus of this study is to design and implement the enhanced patient calling system(EPCS) using parameters like LATA, ACT, and NDD derived from data collected fromUniversity of Maiduguri (UNIMAID) Medical Centre. Owing to the plan to enable EPCS tohandle absentee patient (queuee) in the form of slot-back, the needs of a patient on queuethat will warrant him/her to leave the queue were determined. These were found to beneeds like snacking, and attending to call-of-nature (visiting conveniences), hence the
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needs were parameterizing into quantifiable units of action Aboaba et al (2017). Asreported in Aboaba et al (2015), the methodology adopted for this work is to datacollection and analysis, and resulting into mathematical model of the slot-back position(SbP) equation Aboaba et al (2017). These culminated into development of circuit for theimplementation of EPCS.a. Field workTo know the position to be reserved (known as slot-back) for an absentees’ patients, thereis need to know and record the average consultation time per patient, average number ofpatient that could be consulted per day, average number of Doctors present per day, theavailability of conveniences within the medical centre, and the total time taken to go andreturn from the nearest snacking point to the medical centre owing to absence of one in thecentre premises. Several days were spent recording the time spent by individual patientwith the doctor (consultation time), and at the end, the average consultation time (ACT)per patient was determined.b. SurveyFor the survey, questionnaires were distributed among students and staff living on campuswhose primary health care facility is the University Medical Centre to determine the timetaken by individual to complete those activities deemed expedient while on queue. Eighty-eight percent (88%) of questionnaires distributed were returned and the receivedquestionnaires were then analyzed and the average time it takes to complete any of thethree (snacking, urinating, excreting) activities when sick was determined.c. Summary of Field Work Results and Data AnalysisIn this section, a summary of major indices in all data analyzed are presented in tabularform in table 1
Table 1: Summary of Major Findings

Based on the assumption that an absentee patient must have gone for the activity thattakes the longest time, hence the average of the individual treks was found and added tothe average time taken to snack. At the end, the longest average time of absence (LATA) ofthe patient called Longest Average Time of Absence (LATA) was defined

S/N ACTIVITY TIME in
Minutes1 Average Time for Snacking (ATS) 152 Average Time for Urinating (ATU) 7.5

3 Average Time for Excreting (ATE) 12.5
4 Average Time Taken to and fro from Snackingpoint (ATTS) 9
5 Average Consultation Time (ACT) 3
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= + …………………………………( )
3.1The Model EquationsBased on the activities and time taken in table 1, a model equation was derived from thedata analysis. The model equation was used to determine when next to recall an absentpatient who has been queued before leaving, and invariably at what position he/she wouldbe slot-back into the queue from the time his/her token number was displayed. Thisresulted into equation (i) called slot-back position equation derived in Aboaba et al (2017). Itshould be noted that equation (i) is a linear equation with NDD being the dependentvariable that may vary from time to time even within a day. LATA and ACT are hospitalspecific, while C is a constant which could be zero (0) or one (1).

= × 1( ) + …………………………… . . ( )
In which: LATA is Longest Average Time of AbsenceACT is Average Consultation TimeNDD is Number of Doctor on Duty, andC = Ñ, & 0≤ C ≤1, in which C is 1 when mx is a natural number, and C is 0 when mx is non-zero real number round up to the nearest whole number.
3.2 Enhanced Patient Calling Device Design and Evaluation AlgorithmThe Enhanced Patient Calling Device (EPCD) design algorithm is an outline of sequence ofsteps taken to actualize the device, the flowchart of the device design, and it also includesevaluation algorithm of the device.
3.5.1 EPCD AlgorithmStep one: The Slot-back Position (SbP) Equation is programmed into the Microcontroller inAssembly Language.Step two: The two slave Microcontrollers were also programmed in Assembly Language.Step three: The two slave Microcontrollers were linked to the Master Microcontroller viaCOM PORT.Step four: In conjunction with other discrete components that supports theMicrocontrollers, the device is first implemented in PROTEUS Environment.Step five: The PROTEUS Environment version of the EPCD is simulated.Step six: The EPCD was then assembled on Breadboard.Step seven: Conduct specification test on the Breadboard version of the EPCD.Step eight: Transfer the device onto Circuit board.Step nine: Conduct specification test on the Circuit version of the EPCD.Step ten: Evaluate the performance of the EPCD following the test sequence in section 3.5.3
3.5.2 EPCD Design Program FlowchartFigure 1 shows the flowchart which described the working of the device.
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Fig.1: Flowchart diagram of EPCS
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3.5.3 Enhanced Patient Calling Device Evaluation AlgorithmThe evaluation algorithm is a sequence of steps to test for the functionality of the differentparts/aspects of the device.Step one: Microcontrollers of the EPCD were initialized.Step two: Patients were queued on the EPCD using tally numbers according to arrival sequence.Step three: The doctor pressed button A to call up the first patient on the queue; the tally numberwill be display on the LCD so that all the patients on the queue can see.Step four: If patient is not around button B is pressed by the doctor to instruct the microcontrollerto slot-back the absentee patient (queuee) by automatically inserting the absent queuee tallynumber in the queue using SbP Equation embedded into the Master Microcontroller.Step five: Else, patient is present; the doctor will attend to him.Step six: If the patient attended to needs medication, his tally number will be is sent to pharmacyunit by pressing button C.Step seven: If the patient attended to does not need medication; meaning the patient need to leavefrom the consulting room, the Doctor calls the next patient by pressing button A.Step seven: If the Doctor needs to rest, he presses button D; Doctor resting is displayed on the LCD.Step eight: The Pharmacist presses button E to call up next patient in the pharmacy unit queue, andthe patient tally number is displayed on the pharmacy unit LCD.
3.6 ENHANCED PATIENT CALLING DEVICE DESIGNSince in the hospital there is only one pharmacy, one record office and even though thereare more than one consulting room, only one consulting room is provided for in the design.The microcontroller in the Doctor’s office served as the Master while the microcontrollersin the pharmacy and the record office will respectively serve as the slave2 and slave1. Themedical record tallies the patients, and the tally number and the patient file number aresaved in the memory of the Master. The Doctor then initiate call from his device, afterconsultation, he presses another button to send the patient to the next point or dischargehim/her altogether. Microcontroller PIC18F45K22 was chosen as the Master, whilePIC16F877A is slave1 and PIC16F877A is slave2 as shown in figure 2

Fig 2: Design Block Diagram
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The Master microcontroller (PIC 18F45K22) has two Universal Asynchronous Receiver Transmitter(UART) ports situated on pins 25 &26, and pins 29& 30 that is Tx1 & Rx1, and Tx2& Rx2respectively. More so, the two Slave microcontroller used are of the same type (PIC 16F877A)having one UART port each. The port is on pins 25 & 26, that is Tx & Rx. Each one of the UART of theMaster is connected to the UART of one of the Slave named Slave 1 and Slave 2 respectively. Figurethree shows Master-Slave configuration.

As shown in figure 4, each of the microcontrollers is connected to their respective LCD Display todisplay patient’s tally number and beside the LCD; the slave1 microcontroller is also connected tothe keypad to enable the medical record officer to enter patient’s card number on first-come-first-serve basis.

Figure 4: Interconnection of Master-Slave Microcontroller in Connection with LCDs

4.0 IMPLEMENTATION AND TESTINGFollowing the algorithm design and the flowchart, and using programmablemicrocontroller ICs (PIC16F877A and PIC18F45K22), the source code was compiled usingmicro C COMPILER. Proper consideration was given to the code during compilation in
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order to avoid any logical errors. The test-run was done using interactive electronicsimulation software called Proteus 8.5. The hex file was then generated and transferred tothe PIC18F45K22 and the two PIC16F877A Microcontroller, using Kit3 USB programmer.The design was simulated on a computer to study and analyze the behavior of each stagebefore physical implementation was carried out, the implementation was finally assembledon Vero board after it initial assemblage on Bread board and tested.
4.1 SIMULATION RESULTSFigure 5shows system initialization immediately after switching ON.While figure 6 Shows patient’snumber being inputted into the system via keypad.

Figure 5: Simulation Results
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order to avoid any logical errors. The test-run was done using interactive electronicsimulation software called Proteus 8.5. The hex file was then generated and transferred tothe PIC18F45K22 and the two PIC16F877A Microcontroller, using Kit3 USB programmer.The design was simulated on a computer to study and analyze the behavior of each stagebefore physical implementation was carried out, the implementation was finally assembledon Vero board after it initial assemblage on Bread board and tested.
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order to avoid any logical errors. The test-run was done using interactive electronicsimulation software called Proteus 8.5. The hex file was then generated and transferred tothe PIC18F45K22 and the two PIC16F877A Microcontroller, using Kit3 USB programmer.The design was simulated on a computer to study and analyze the behavior of each stagebefore physical implementation was carried out, the implementation was finally assembledon Vero board after it initial assemblage on Bread board and tested.
4.1 SIMULATION RESULTSFigure 5shows system initialization immediately after switching ON.While figure 6 Shows patient’snumber being inputted into the system via keypad.

Figure 5: Simulation Results
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Figure 6: Inputting Patient’s number into the systemIn figure 7 and 8, the Doctor calls a patient by depressing the switch A (call button) and therecordedpatient number is shown on the LCD connected to the microcontroller controllingthe consulting room devices. The card numbers had been previously stored in the system,and patients with card numbers 5 and 96 are called successively.

Figure 7: Doctor calling patient with card number 5

Figure 8: Doctor calling patient with card number 96In figure 9, Pharmacist is shown calling patient with card number 057 sent by the doctor. Thebutton for sending patients to the pharmacy from the consulting room is switch C.
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Figure 9: Pharmacy calling patient with card number 057With respect to an absent queuee, the slob-back process is shown in figure 10 in which the absentqueuee is slob-back into position 5 based on the slot-back position equation.

Figure 10: Absent patient (queuee) slot back into position 5

4.2 DICUSSION OF RESULTSWhen the system is ON it will initialize the three microprocessors, then the clinic recordoffice tallies the patients (the patient card number is registered on the system and it isautomatically queued by the system and saved in the consulting room microcontroller) viathe system’s number keyboard connected to the microcontroller dedicated to the clinic’smedical record office as shown in the simulations above. At the Doctors’ side, four switcheswere provided labeled (A, B, C, and D) in which all the switches have specific functions toperform. The doctors switch on their stations devices when ready, and press the switch Ato call the next patient. If the patient is absent switch B is depressed to slot the patient backinto the queue based on equation 1. If the patient needs medication, switch C is pressed tosend his/her card number to the pharmacy. When the Doctor is busy or attendingimmergence, switch D is pressed which indicates ‘Doctor Busy’ on the screen outside theparticular consulting room. The doctor simply depresses switch A to call the next patient ifthe current patient is free to go home.
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5.0 CONCLUSIONIn conclusion, the sole aim of carrying out the design and construction of an EnhancedPatient Calling System has been achieved. The aim was to develop an efficient and reliableenhanced patient calling system, which was successfully realized at the end of the designand construction process. One factor that accounts for the uniqueness of the product is theability to slot back an absent patient. The system was tested and found to be working tospecifications and predictions. It is a model for cheap and reliable way of managing queuesin public places, but the implementation of this produce is based on data collected from theuniversity of Maiduguri Medical Centre.

Figure 10: Absent patient (queuee) slot back into position 5

5.1 RECOMMENDATIONSAlthough the aim and objectives of this work have been accomplished, there is still roomfor improvement on the work done as listed below:(1) Provision could be made for GSM modem which could immediately send an SMS toalert an absent patient and inform him of the estimated time he would be calledagain.(2) The EPCD presented here could, as a model be expanded to include moreconsultation rooms, laboratory test, radiology unit, ward, and all other sections thedoctor may direct a patient to.(3) The EPCD could be redesigned to interface with Computer system linked with thehospital database.(4) The EPCD could be reconceived as an Application Software (Apps) to be installed onthe Computer system linked to the Hospital database.(5) Implementation of an intelligent QMS (IQMS) that learns the queuing pattern of thehospital and determines the peak periods and low period of activities thus providingthe Hospital Management with the desired record to tackle and prepare in advance.In addition, using the cloud, the IQMS can learn more from various other IQMSs tooptimize its performance.(6) More importantly, it could be adapted to other areas where queue management isrequired such as banks, eateries, et cetera. Finally, the use of this device should beencouraged in our hospitals to engender order and increase efficiency.
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1.0 INTRODUCTIONThe cost of agricultural products may increase significantly if diseases are allowed to infestplants. When these occur and are left unchecked, it would negatively affect plant’s yield interms of both quality and quantity hence, constant monitoring of plants is required in orderto detect early signs of diseases before it spread Nikos (2017). Farmers looses largeamount of money annually and consumers and the end of the value chain buy foodproducts at high prices because of unchecked plant disease infestation. In view of this,there is hope that this research will be of benefit to farmers, consumers of agriculturalproducts and also researchers who may wish to research or elaborate on their work in thefuture.
2.0 RELATED WORKSSandesh & Amit (2017) designed a system called “plant disease detection in imageprocessing using MATLAB”. The system which used k-means clustering for segmentation
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Abstract: The system will assist the farmer without formal training to diagnose plant disease
through Mobile phone device. The user will start by capturing the image of the defected plant leaf
using high resolution mobile phone camera and then sent the image to the server by selecting the
options provided on the application. Then the MATLAB fetch the captured image from the server and
apply for pre-processing for image enhancement. Segmentation of Captured leaf images is perform
using k-means clustering algorithms to form clusters. Features of plant leaves are selected and
extracted before applying the clustering algorithms and classification algorithm (Support Vector
Machine classification algorithms) for testing and classification by comparing with pre-defined
training images stored in the database. Finally, the classification result will then be sent back to user
through the application on the phone.
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and Artificial Neural Network techniques for training and classification that detect diseasein both leaves and fruits with high accuracy but is very slow, and it can only detect theplant’s leaves images saved in the MATLAB database.In the work of Trimi & Sushma (2017) titled “Plant Disease Detection UsingDifferent Algorithms” and “Artificial Neural Network (feed forward back propagation) forclassification” used two different segmentation techniques thresholding and K-meansclustering algorithm for segmentation. The system is fast but has limitation as itmisclassifies some images which give low accuracy and can only work on MATLABsoftware only. The papers do not provide a clear comparison with other classificationtechniques.Xin, 2017 present the application of machine learning in plant resistance genesdiscovery and plant diseases classification. The system used Support Vector Machine forclassification which provides powerful tool to analyze tremendous amount of data andmore machine learning based tools are needed to predict important plant resistance genes.(Bhog & Pawar, 2016) adopt the concept of neural network for the classification and K-means clustering for segmentation in cotton leaf disease analysis (Yellow spot, Red spot,white spot, Cercospora and Alternaria) which is able to achieved recognition accuracy of89.56% and execution time of 436.95 second using Euclidean distance in MATLAB.The absence of the labour-intensive phase of feature engineering and the generalability of the solution makes them a very promising candidate for a practical and scalableapproach for computational inference of plant diseases in Sharada, David & Marcel (2016).The system used deep convolutional Neural Network for the training to demonstrate thetechnical feasibility of a deep learning approach to enable automatic disease diagnosisthrough image recognition. The Overall accuracy of 31.40% obtained is poor.Only 75.9% of accuracy is achieved in the work of Suhaili et al. (2013) to classifyDowney Mildew and Anthracnose for watermelon leaf diseases. Based on RGB colorcomponent, region of interest is identifying that is infected from the given testing plant leaf.The work incorporated the concept of Neural network pattern recognition toolbox is usedfor the classification, image pre-processing and segmentation median filter is used.Jha, Bababe & Ashok (2017) Design a system called “Plant Disease InformationGenerating System Based on Android Application Technology” which uses HIS and k-meanfor segmentation and clustering, Color Co-occurrence Method for feature extraction andArtificial Neural Network as classification Algorithms. The system is able to classify plantleaves with average percentage accuracy 73.648% which is too low and the researcher usesvery few datasets for the experiment.
2.1 LIMITATION OF PREVIOUS RELATED WORK:Optimization is needed for the previous work to obtain high percentage accuracy; as suchbest feature extraction method is needed. More information about the plant’s leaf such ascolour and texture is needed for segmentation as such the extension of database is requiredto obtain high accuracy.The researchers were able to cover very few diseases in their work. So, more workneeded to cover more diseases. One of the main reason of machine learningmisclassification is because disease symptoms varies from one plant to another as suchoptimization of more plant features is needed for the training dataset to cover moredisease cases and to obtain high result percentage accuracy.
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3.0 METHODOLOGYThis research adopts a machine learning approach as the core of the system. Here, bothunsupervised and supervised machine learning algorithms are employed. The k-meansclustering algorithm which is an unsupervised machine learning algorithm is used toprepare and group the input data during the segmentation phase. After the segmentationphase, the support vector machine algorithm which is a supervised machine learningalgorithm is then used to carry out the task of classification.The machine learning approach to image processing is divided into five stages as follows;i. Image capturing and acquisition;ii. Image pre-processing and segmentation;iii. Feature extraction;iv. Training and Classification;v. Reporting and evaluation.
3.1 IMAGE CAPTURING AND ACQUISITIONImage acquisition is the first step of any digital image processing and it is described asgetting the plant leaf image (by snapping plant leafs image using high pixel camera frommobile phone device or any camera device) as shown in Figure 3.2 and sent to MATLAB forprocessing and classification. It is also the process of retrieving image from the mobiledevice for further processing. In this work, the healthy plant leaf and the diseased plant leafimages will be capture and stored in the server for MATLAB image processing system, thisis called normality model.This is done by interconnecting the mobile phone to the computer based server, so that theuser can sent the captured image to the server for upward forwarding to the MATLAB forprocessing. The interfaced of the mobile phone is design in such a way that the user canconveniently use it with little training as shown in fig 3.1 below.

Figure 3. 1: Graphical Interface of Android Application
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The first sub-system is the Android application installed on the android mobile phoneas the system client that provides user with the interface to interact with the functionsof the application. The user can choose to take a plant leaf picture from the mobilephone camera or select an image of the plant leaf from the gallery of the mobile phoneto be diagnosed. Once the user selects or snap the image and press upload button, theandroid application will send the image to the web application server via HTTPprotocol. Web application server sub-system is implemented with Java Servlet andTomcat
3.2 IMAGE PRE-PROCESSING AND SEGMENTATIONThe main purpose of image pre-processing is to improve the quality of image data byremoving unwanted contortions. Pre-processing method uses various techniques such aschanging image size and shape, percolate of noise, image conversion, improving image andmorphological operations. Various MATLAB code to resize image, to enhance contrast andRGB to grayscale conversion is use for this work as shown in figure 3.2 for furtheroperations like creating clusters in segmentation.

Figure 3. 2: Contrast enhanced

Image segmentation is the method of transforming digital image into several segments andrendering the image into a form that can be processed by the machine learning classifier.The main use of image segmentation is for locating the objects and bounding line of thatimage. K-means clustering method partitions the images into clusters so that at least onepart of the partition (cluster) will contain the image with major area of diseased part.

Figure 3. 3: Diseased plant leaf image clusters
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3.3 FEATURE EXTRACTIONFor this research, Color Co-occurrence (CCM) method is used in extracting features. CCM isa method in which both the color and texture of an image are taken into account, to arriveat unique features, which represent that image.
3.4 BLOCK DIAGRAM DESCRIBING THE APPLICATION OF THE WHOLE PROCESS

Figure3.4: Fundamental Steps of Digital Image Processing

4.1 ANDROID MOBILE PHONE APPLICATION IMPLEMENTATIONThe important of this system is the ability of farmers without formal trainings to diagnoseplant diseases in order to increase crop production, improvement in quality and quantity ofagricultural products, burst economy and create jobs by making farming more attractive topeople. It will benefit the user in a way that provide the user with the solution instantlywith even low price smart phone (android) resource without having to wait for the humanexperts (Agriculturist and/or Agricultural engineer). The client android phone applicationis design and developed for android phones using java programming language. Androidstudio with Android SDK tools (maximum API level 23 Support) which is java basedprogramming language software is used in designing and implementing the applicationsoftware. This mobile phone application software supports all versions of androidsincluding Android 7.2 "KitKat". The developed application software has two major
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functionalities button: Image capture from camera/image selection from gallery andupload image to server.
4.1.1 IMAGE CAPTURE FROM CAMERA/IMAGE SELECTION FROM GALLERYAfter clicking the icon, the very first page of the application shows a basiclayout content_main.xml having one image view feature and two buttons. Onebutton is for snapping the image with mobile phone camera and the second one is forselection of image from the mobile phone gallery as shown in the fig 4.1 below.

Figure 4. 1: Interface of the ApplicationOnce the apps is started, the MainActivity.java class starts and the On Create() method setsthe layout view to content_main.xml. The intent ACTION_PICK is sends automatically to getthe image from external storage of the phone by this class. On the image view, the bitmap isset as shown in fig4.1.2 and fig4.1.3 below.
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Figure 4. 2: Choosing the picture from gallery

Figure 4. 3: Selected image showing in image view
4.1.2 UPLOADING IMAGE TO THE SERVERThe main function of this button is to upload the image to the server for upwardforwarding to the Matlab. Image uploading is done through the use of AsynchTask class.Asynchronous task class is a special class which enables the application to performbackground work and transmit the result to UI threads without interrupting the UI threador handlers. Normally, this class is designed to be assistant class around a thread orhandler which should be used for very short time operations. Asynchronous programminghelps the app stay functional when it does work in the background. The downside of usingsynchronous programming on the UI thread to upload content to server is that the app will
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be abrogates until the method returns. The app will not respond to user request whichmight turn the user waiting. Thus the asynchronous class is the best choice for this type ofwork so that the user interface will remain active while the operation is done in thebackground. After completion of the task, the application will acknowledge that the imagehas been uploaded to server by showing image uploaded successfully on a toast and if thereis a problem it will display error message in the toast. This asynchronous task mainlyoverpowers three methods that is pre Execute(), post Execute() and do In Background().Firstly, the bitmap image is transform to string using the built in methodBase64.encodeToString () method. It changes the bitmap image to Base 64 strings so that itcould be transmitted to the server using HTTP web services. The bitmap image is initiallycompressed into byte array output stream before putting it into a byte array. Then thisarray is changed to base 64 strings. The image in string form is kept into a Hashmap datastructure which will be transmitted as data using HTTP URL connection. The connectionbetween the application and the server is done by the RequestHandler.java class. Itestablishes the connection link usingHttp URL Connection class in java. Upload image class transfer the Hash map and serveraddress to RequestHandler.java classThe connection time out is set to 10 seconds and the request method type is POST. In theserver side, the server developed using java programming language on netbeans thenverifies if the request is POST type. The data is then decoded from string to image and sentto MATLAB for processing if the request is POST type.

Figure 4. 4: Uploading the image to server
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4.1.3 DOWNLOADING RESULT FROM THE SERVEROnce the mobile phone completed the image uploading successfully, automatically theMATLAB will sent the three segmented image (this work use k-means clustering algorithmsand the value of k is 3) back to the mobile phone waiting for the user to choice one asshown in figu re 4.1.5 below.

Figure 4. 5: the three segmented image displayed on the phone for the user to choiceOnce the user choice any one, then the selected (choosing one) segmented image is sent tothe MATLAB for processing via the server. If the MATLAB completed the processing andthe classification result is ready. The server will receive the result in form of string imageand text string from the MATLAB automatically and the mobile phone will receive theresult from the server on its layout which is set to activity_view_image.xml and theViewImage.java class starts executing as shown in fig4.1.6 below.

Figure 4. 6: Result of test plant leafs
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Here also asynchronous programming is use for the same reason as we need the task tooperate and function in background. The input stream is converted from string to bitmapformat. The request method type is GET and the URL connection time out is set to 10seconds. In the activity_view_image.xml layout have three text views and one image view,one text view for displaying the result, the second for displaying the brief explanation ofthe disease, the third one for displaying the solution and the one image view for displayingthe segmented image. Both uploading and downloading image activities are done with thehelp of asynchronous programming and the RequestHandler.java class. The connectionbetween the android application and the server is established by send Get Request()method in Request Handler.java class and the input stream is decoded inside theViewImage.java class inside asynchronous programming.
4.1.4 CLIENT AND SERVER INTERACTIONThis section of the system is executed once the client sends the images to the server viaHTTP protocol using mobile phone application. The image received by the server usingservlet script is stored in the assigned directory and the image processing is start on theassigned image automatically.
4.1.5 SHELL EXECUTIONFor this research work, a local server was created in laptop using “TOMCAT server”software. The server has servlet scripts that will automatically receive and store imagefrom the clent (mobliie phone device) into a particular directory and then send the imageto MATLAB for pre-processing and segmentation. Before, an ‘exe’ file of MATLAB code wascreated and saved to local server. From the servlet script with function called exec(), the‘exe’ file of MATLAB is executed through shell execution. The exec() method in the servlet iscalled immediately when image is receive and store in the server, so the whole process isdone automatically without any human interaction on our server side. It reduces thepossibility of errors in a way that we can depend on machines here completely. TheMATLAB ‘exe’ file contains every step of the image processing algorithms.
4.1.6 PARSING THE RESULTThe servlet script fetches the data (the results) from the MATLAB as soon as the MATLABcode is done with the processing through shell execution and the results is ready and savein assign directory in the server. The servlet script fetches the data for the mobileapplication for request method type GET and sends to client. The result has two types ofdata. One is the segmented image which highlights the affected portion of the plant in Base64 string form and the other part of the result is the disease name, brief description of thedisease and possible solution about the the disease (all the three is contained as one inarray form) in the MATLAB code generates after analyzing the image in string form. Both ofthem are fetched by servlet script and sent over the HTTP to the mobile application.
4.1.7 CLASSIFICATIONFirst all the necessary features of different plants with the various disease symptoms
(Alternaria Alternata, Anthracnose, Bacterial Blight, Cercospora Leaf Spot and
Healthy Leaves) is extracted and stored in pre-defined storage location. MAT file which iscalled training data sets. And then all the necessary features of plant to be tested isextracted so that the MATLAB will compare this features with the one of the training data
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set to determine the one that match with the testing data set using Multiclass SupportVector Machine (Multiclass SVM) classifier for classifying the disease as either Alternaria
Alternata, Anthracnose, Bacterial Blight, Cercospora Leaf Spot or Healthy Leaves.This Multiclass SVM use to assign labels to instances by using support vector machines,where the labels are drawn from a finite set of several elements. The dominant approachfor doing so is to reduce the single multiclass problem into multiple binary classificationproblems. Common methods for such reduction include: building binary classifiers whichdistinguish between (ii) between every pair of classes (one-versus-one) or (i) one of thelabels and the rest (one-versus-all).In this case, the classification of new instances or input images for the one-versus-allcase is done by a winner-takes-all strategy, in which the classifier with the highest outputfunction assigns the class and detects the particular disease.
4.3 FINDINGS AND DISCUSSIONSThe results obtained are explained in details in this section. For this research work, apersonal computer that has Windows 8, 4GB of RAM, 500GB of HDD, an Intel(R) Core(TM)i5 CPU and Android Mobile phone is used for performing the experiments. MATLABSoftware, netbeans and Android Studio are used for the simulation of work and designingthe interface of the Android Apps for Mobile phone. The automated System for PlantDisease Detection Using Image Processing and Machine Learning Integrated with MobileApplication starts with capturing of digital high resolution images. More than 500 differentplant leaves’ images with different disease symptoms (Cercospora Leaf Spot symptoms,Bacterial Blight symptoms, Anthracnose symptoms, Alternaria Alternata symptoms, andHealthy leaves) are obtained from https://github.com/spmohanty/plantvillage-Datasetand store in the Database for the experiment. Then the images were applied for pre-processing for image enhancement. Captured leaf images are segmented using k-meansclustering method to form clusters. Features are extracted using GCCM before applying K-means and SVM algorithm for training and classification.The main goal of carryout this research is to develop an automated System for PlantDisease Detection Using Image Processing and Machine Learning Integrated with MobileApplication that can detect and classify a given unknown plant leaf image as eitherCercospora Leaf Spot, Bacterial Blight, Anthracnose, Alternaria Alternata, or Healthy leaves.The experiment is first performed by converting the RGB images into HSI, GLCM is used inextracting features of the plant leaf images before apply K-means Clustering to obtainedthree segment of the images. SVM Classifier is used to classify the image. The percentageaccuracy varies from one plant leaves to another but with SVM Classifier; the averagepercentage accuracy obtained is 97.01%.The result obtained for this research work produced high percentage accuracycompare to the percentage accuracy obtained by Sharada, David, & Marcel, (2016) that areable to achieved only average percentage accuracy of 31.40%, because the system useddeep convolutional neural network (KNN) for training and classifier. The data source forboth the work of Sharada et al. (2016) and this research is obtained from the same source.(Bababe et al. 2017) able to achieved 73.648% percentage accuracy which is low compareto this research that has average percentage accuracy of 97.01%. (Bababe et al., 2017) useArtificial Neural Network for classification while this research uses Multi-Class SVM.
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4.5 CONCLUSION AND FURTURE WORKEven though the work gives satisfactory output, more work need to be done to cover moreplant disease. And also this work is limited to only plant leaves, more work can also bedone to cover stems and roots of the plants.
REFERENCEBhong, V. S., and Pawar, B. V. (2016). Study and Analysis of Cotton Leaf Disease Detection UsingImage Processing. International Journal of Advanced Research in Science, Engineering and

Technology, 50 (5), 34-45.Jha, A. K., Bababe, A. B., and Ashok, K. S. (2017). Plant Disease Information Generating System BasedOn Android Application Technology. International Journal of Science and Research (IJSR), 6(4), 2319-2464.Sandesh, R., and Amit, F. (2017). Plant Disease Detection in Image Processing. International Journal
of Innovative Research in Science, Engineering and Technology, 6 (6), 2347-6710.Sharada, P. M., David, H., and Marcel, S. (2016). Using Deep Learning for Image-Based Plant. Digital
Epidemiology .Suhaili, B. K., Noor, E. A., Hadzli, H., A'zraa, A. A., Aida, S. K., Tuan Norjihan, T. Y., et al. (2013).Classification of Watermelon Leaf Diseases Using Neural Network Analysis. IEEE Business
Engineering and Industrial Applications Colloquium (BEIAC), 8 (2), 459-464.Trimi, N. T., and Sushma, K. (2017). Plant Disease Detection Using Different. (pp. 103-106).Proceedings of the Second International Conference on Research.Xin Yang, T. G. (2017). Machine learning in plant disease research. European Journal of BioMedical
Research, 3 (1), 6-9.
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1.0 IntroductionThe microcontroller based ultrasonic sensor sliding door is an automatic slidingdoor that uses the ultrasonic waves technology to sense or detect an approachingindividual or person to allow access to him/her by automatically. The sliding door opensand closes automatically if the person has entered or has decided to turn go back due to
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Abstract: Opening and closing of doors have always been a tedious and uninteresting job,
particularly in places like; hotels, and shopping where an individual is always required to open and
close the door for visitors. This human involvement can be avoided by automating the process using
microcontroller based ultrasonic sensor sliding door that detects an approaching individual or
person to allow access to automatically. The final output voltage required for the operation of this
project is a DC voltage. The power was build up from A12V, 500mA transformer, and a bridge
rectifier chip (BDR1), a filter capacitor (C1) and two voltage regulators (LM7809) and (LM 7805)
were used. The ultrasonic sensor unit consist of the ultrasonic sensor module, limiting current
resistors. Furthermore, the microcontroller unit is made up of the Atmega 328P microcontroller, a
C6MHz crystal oscillator, and a pull-urge resistor. However, the sliding door control unit consist of
four (4) base resistors R4, R5, R6 and R7 for transistors Q1, Q2, Q3 and Q4, in associate with Diodes
D5, D6, D7 and D8. The system utilizes ultrasonic wave’s technology to sense or detect an
approaching individual or person to allow access automatically. Green LED is an indication of door
closed, when person approaching the door; the Red LED light turn on and the door automatically
open.
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other reasons. However, due to the fact that nowadays populations in the mega cities allover the world have greatly increased. Therefore, the use of manual doors in commercialbuildings such as Banks, shopping malls and shopping complexes will bring aboutdiscomfort to the people because of the inconvenient of pushing the hard door to open it.Sometimes it even leads to delays and waste of time due to a queue that might arise.Therefore, this design is another step forwarding aiding the already existing automaticcontrol sliding doors to help solve the problems and challenges that were associated withthe manually controlled door system.
2.0 Literature ReviewAccording to Mahmood et al., (2016), current access control systems for automaticdoor control require a sensor able to detect a moving object or a pedestrian crossing thegate. This approach does not take into account the trajectory of pedestrians, and thereforecannot estimate movements. As an example, if a pedestrian crosses the area in front of thedoor but does not want to cross the gate, the control access board detects his/her presenceand anyway opens the door. In this case, the system is not efficient, since it leads to a wasteof energy in terms of electricity, air conditioning, or heating and decrease the systemlifetime with unnecessary open/close actions.Lucky et al., (2013) proposed password protected home automation system withautomatic door lock which works on the principle of breaking an infrared beam of light,sensed by a photodiode. It consists of transmitting infrared diodes and receiving photo-diodes. The system is to detect whether someone is coming in or not. The photodiodes areconnected to comparators, which give a lower output when the beam is broken and highoutput when transmitting normally. Furthermore, biometric methods of door accesscontrol by numerous researchers. Personal authentication for access control, the systemutilizes features such as face recognition, voice recognition, hand shape, finger print, andiris patterns of an individual ( Kung et al, 2004; Osadciwet et al, 2002)Mahmood et al., (2016) designed an automatic door system using a unique wirelessID by using infrared ray or Bluetooth technology. It consists of a sensing unit, control unitand drive unit to open and close doors at the entrance for a car that has the unique ID. Thisprocess is controlled by using Arduino Leonard and programmed with IDE free opensource software, that receives the signal code from the car which sends the ID through IRLED or Bluetooth by using a mobile application, decode it and switch ON the driver thatcontrols the DC motor.
3.0 MethodologyThe analog input is the reflected ultrasonic waves that is transmitted initially by theultrasonic sensor module intercepted by a person that approaches the sliding door. Thisanalog input is converted to digital by the atmega328p analog to digital input pin.
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Fig. 3.1 Block Diagram of the ultrasonic Sensor Sliding Door

3.1 Design of the Automatic Sliding Door
3.1.1 Power Supply UnitThe final output voltage required for the operation of this project is a DC voltage.The power was build up from A12V, 500mA transformer, a bridge rectifier chip (BDR1), afilter capacitor (C1) and two voltage regulators (LM7809) and (LM 7805) as shown in fig.3.2

Fig. 3.2. The Power Supply Unit for Ultrasonic Sensor Sliding Door

3.1.2 Ultrasonic Sensor UnitThe ultrasonic sensor unit consist of the ultrasonic sensor module, limitingcurrent resistors R1 and R2 as shown in fig. 3.3
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Fig. 3.3 The Ultrasonic Sensor
3.1.3 The AtmegA 323 Microcontroller UnitThe microcontroller unit is made up of the Atmega 328P microcontroller, a C6MHzcrystal oscillator, and a pull-urge resistor as shown in fig. 3.4.

Fig. 3.4 the Microcontroller UnitThe values of capacitors C2 and C3 were chosen to be 22pf, which are used tostabilize the frequency of 16MHz of the crystal oscillator from interference, surges andother external factors.
3.1.4 The Sliding Door Control UnitThe sliding door control unit consist of four (4) base resistors R4,R5,R6 and R7 fortransistors Q1,Q2,Q3 and Q4, in associate with Diodes D5,D6,D7 and D8 as shown in fig. 3.5.



International Journal of Information, Engineering & Technology

garcjournalssubmit@gmail.com 30

Fig. 3.5 The sliding Door control Unit

3.2 The Description of the Atmega 328P MicrocontrollerThe Atmega 328p Microcontroller is a 28pin, 8 bit microcontroller with 32KB flashmemory with read – while – write capabilities. The Atmega 328p microcontroller is shownin fig. 3.6.

Fig. 3.6: The Atmega 328p MicrocontrollerThe pin Description of the Atmega 382p is shown in Table 3.1Table 3.1 Description of Atmega 328p pins
Pin Number Description Functioni. PC6 RESETii. PD0 Digital Pin (RX)
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iii. PD1 Digital Pin (xx)iv. PD2 Digital Pinv. PD3 Digital Pin (pwm)vi. PD4 Digital Pinvii. VCC Positive Voltage (Power)viii. GND Groundix. XTAL1 Crystal Oscillatorx. XTAL2 Crystal Oscillatorxi. PD 5 Digital Pin (pwm)xii. PD 6 Digital Pin (pwm)xiii. PD 7 Digital Pinxiv. PB0 Digital Pinxv. PB1 Digital Pin (pwm)xvi. PB 2 Digital Pin (pwm)xvii. PB 3 Digital Pin (pwm)xviii. PB 4 Digital Pinxix. PB 5 Digital Pinxx. AVCC Positive voltage (ADC)xxi. AREF Reference voltagexxii. GND Groundxxiii. PC 0 Analog Inputxxiv. PC 1 Analog Inputxxv. PC 2 Analog Inputxxvi. PC 3 Analog Inputxxvii. PC 4 Analog Inputxxviii. PC 5 Analog Input



International Journal of Information, Engineering & Technology

garcjournalssubmit@gmail.com 32

The Atmega 328p is also designed to have an endurance of 1000 write/erase cycleswhich means that it can be erased and programmed to a maximum of 1000 times withoutbeing damage or destroyed.
3.2.1 The Voltage RegulatorThe LM7809 and LM7805 voltage regulators are fixed linear voltage regulatorintegrated circuit (IC). They belong to the family of the 78xx. The “78” is the positive outputseries, while the xx represents the output voltage. The LM7809 has an output of +9v andLM 7805 has an output of +5v, respectively. The voltage regulators are shown in fig. 3.7

Fig. 3.7 Voltage RegulatorsThe LM7809 voltage regular was used to supply a regulated +9v to the sliding doormotor, while the LM 7805 supplies +5v to the Atmega 328p microcontroller.
3.3 Components Used and ValuesThe Components used for the constructions of the ultrasonic sensor sliding doorand their design values were shown in Table 3.2
Table 3.2 Components Used and Values
Components Used Design Values Standard values Measured Values

CapacitorsC1 554 1000 992. 7C2 22pf 22pf 21.82pfC3 22pf 22pf 21.87pf
ResistorsR1 12.76Ω 12Ω 11.93ΩR2 12.76 Ω 12Ω 11.89ΩR3 12.76Ω 12Ω 11.91ΩR4 42.8kΩ 42kΩ 41.99kΩR5 42.8kΩ 42kΩ 41.94kΩR6 42.8kΩ 42kΩ 41.96kΩR7 42.8kΩ 42kΩ 41.97kΩ
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Transistors21 = 20000 = 20000 = 19822 = 20000 = 20000 = 19923 = 20000 = 20000 = 19224 = 20000 = 20000 = 196
ICSIC 1LM7809 +9v +9v +8.9vIC 2LM7805 +5v +5v +4.98vIC 3ATMEGA 328P +5v +5v +4.95v

3.4 Software Development/DesignA computer software program called “source Code” controls the construction of theultrasonic sensor sliding door. A source code is a collection of computer instructions orcommands that controls a hardware. The source code was written in accordance to theflow chart shown fig. 3.9

4.0 Results and Discussion
4.1 ResultsBefore assembling all units together to achieve the construction of themicrocontroller based ultrasonic sliding door, the individual components of each unit is

Fig. 3.9 flow chart for ultrasonic sensor sliding door
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tested including the microcontroller to make sure there were no faulty components beforesoldering them together. Some of the units tested include; the power supply unit, test onthe ultrasonic sensor unit, test on the microcontroller, testing of slide door motor, anddebugging the software program.The final testing of the project work was carried out after soldering all unitstogether.  Table 4.1 shows the results of working process of the project.
Table 4.1 Test of overall project

Ultrasonic Sensor Detects Indicator lights Sliding   DoorPersonComing PersonStanding PersonStanding Green led Red led Door statusNo No No Off On ClosedYes No No On Off OpeningNo No Yes On Off OpeningNo Yes No Off On Closing
4.2 DiscussionsThe results of the tests performed above suggested that the system sub-units areeffectively designed and when coupled will give a satisfactory results with regard to thesystem as a whole. After completing all the various units, the project was cased in a plasticcasing for compact presentation and protection. The project operator on mains powersupply but also has an alternative source of DC power from a battery.When the project is powered on, the ultrasonic sensor detects if any person isapproaching the sliding and if no one is approaching the red LED turns ON and the slidingdoor remains closed while the Green LED also remains OFF. Now if the ultrasonic sensordetects that someone or a person is approaching the sliding door, the red LED turns OFFand the Green LED turns ON and the sliding door automatically slides open. If the personenters the door, it automatically slides close, but if the person continues to stand in front ofthe door, it will remain open and the Green LED will remain ON, and if at any time theperson leaves the proximity, the door automatically closes and the Green LED turns OFFwhile, the Red LED turns ON.
ConclusionThe study designed microcontroller based ultrasonic sensor sliding door. The followingconclusions were drawn based on the tested results(i) The system utilizes ultrasonic wave’s technology to sense or detect an approachingindividual or person to allow access automatically.(ii) Green LED is an indication of door closed, when person approaching the door; theRed LED light turn on and the door automatically open.

ReferencesKung, S.Y., Mak, M.W. and Lin, S.H. (2004). Biometric Authentication: Machine Learning
Approach. Prentice Hall, Englewood, NJ.
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IntroductionThe adoption of mobile devices worldwide has created an unending demand for access toe-commerce, social media and entertainment application at a different times and places.This trend has not only resulted in an increase in the amount of mobile broadband datatransferred by the host network but has changed its composition. Mobile traffic that wasconventionally voice only is now dominated by video and data due to the design ofapplications that supports live video streaming etc. As this major trend continues toincrease, the number of applications and triple-play services (voice, video and data)increases and leads to growth in the subscriber base. Hence, there is a need to effectivelyprovide an access network that will meet the requirements of the consumer at all times
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Abstract: Deploying broadband access networks plays an integral part in strategic policies in the
world in order to promote growth and innovation in all economic sectors, social and territorial
cohesion etc. Despite the growth in the use of the internet and the availability of information
technology, there exists a divide between societies that have access to internet facilities, those that
have less access and those that have no access. Rural/Remote areas in most developing countries
tend to impose a challenging environment in which to install communication infrastructure for
broadband access networks. The main challenges include lack a of customer base, as these areas are
highly scattered, have low incomes and there are fewer opportunities to upgrade their socio-
economic status and low population density. As a result of these factors, most service providers tend
to implement network infrastructure in major cities. Hence, leaving the rural/remote areas as
unserved or underserved areas. The main focus of this work is to identify the factors that limit
broadband penetration in Africa (Nigeria), evaluating the current state of broadband access in
Nigeria and also describe some policies and initiatives laid by the Government in tackling the issue of
the digital divide.
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Nigeria and also describe some policies and initiatives laid by the Government in tackling the issue of
the digital divide.
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IntroductionThe adoption of mobile devices worldwide has created an unending demand for access toe-commerce, social media and entertainment application at a different times and places.This trend has not only resulted in an increase in the amount of mobile broadband datatransferred by the host network but has changed its composition. Mobile traffic that wasconventionally voice only is now dominated by video and data due to the design ofapplications that supports live video streaming etc. As this major trend continues toincrease, the number of applications and triple-play services (voice, video and data)increases and leads to growth in the subscriber base. Hence, there is a need to effectivelyprovide an access network that will meet the requirements of the consumer at all times
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[13]. The use of internet and mobile communication in recent years has increased aroundthe world. In Nigeria, statistics shows that there are about 50 million or more internet andmobile users as of May 2012 [17]. Nigeria has the highest number of internet and mobileservice users in the continent that is Africa and ranks amongst the top 20 in the world.Having a population of more than 180 million people, the rate of internet penetration inNigeria is low, about 27% [7]. The majority of the population in Nigeria resides in remoteareas with little or no access to the internet, telephony etc. Broadband wireless accesstechnology is the primary means to meet the demand for rapid internet connection andintegrated data, voice and video services around Nigeria.Rapid increase or growth in wireless subscriber numbers, advancement in thedeployment of multi-play application for mobile platforms, delivery of “triple play” servicewith voice, video and data and the related demand for excellent user experience are thedriving forces requiring a high quality of service in the broadband access network. Despiteits African/World ranking, Nigeria has an urgent need of broadband internet penetration inmost areas. The existing broadband network infrastructure in rural areas in Nigeria showsa low level of broadband penetration having a lot of “white areas”, where no broadbandcoverage is available [14]. The main focus of this work is to identify the factors limitingbroadband internet penetration in Nigeria as well as describing the current state ofbroadband within the geo-political zones.
Broadband AccessBroadband access is to the 21st-century information age what electricity was to theindustrial age. It has a significant transformative impact on how people live and work. Itempowers the end users with capabilities that were previously unimaginable and a globalreach [3]. Broadband solutions in general can be classified into two groups, fixed linetechnologies and wireless technologies. The fixed line technology communication is carriedvia a physical network which provides a direct “wired” (copper based and fibre based)connection from the service supplier to the customer, it relies mainly on a direct physicalconnection to the subscriber’s residence or business, common examples are digitalsubscriber lines, broadband power line and hybrid fiber-coax cables [12]. Wirelessbroadband technology in general refers to certain technologies that use point to point orpoint to multipoint microwave transmission in various frequencies ranging between 2.5 to43 GHz for the purpose of transmitting signals between hub sites and end user receiver,these include wireless Fidelity (Wi-Fi), Microwave links, Direct Broadcast Satellites (DBS)etc. [8]. There are several competing technologies which can provide the bandwidthneeded to deliver broadband services, but each of these technologies has its limits in termsof reliability, bandwidth, cost or coverage. Optical fibers have effectively limitlessbandwidth capabilities, with excellent reliability and are increasingly economical to install[4]. However, many competitive copper and wireless technologies are developing at asignificant pace and some of the technologies have managed to continually meet the everincreasing bandwidth requirements of the end users.Broadband is traditionally referred to as a high–speed communication networkwhere connected end users can transfer data at a rate greater than 256 Kbit/s. Globalorganisations have chosen to define broadband in a manner that reflects the end user’sexperience. Broadband within the Nigerian context can be defined as an access experience
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where the end users can access real-time content (voice, video and data) at a minimumconnecting speed rate of 1.5 Mbit/s. This definition may well be reviewed over time to keepin line with subsequent developments in technology [15]. The term digital divide refers tothe divide between individuals that have full access to modern communication technologyand those that have less or no access. The definition of digital divide has evolved overtime,it was referred to as the divide between those with and without telephone access in theearly 20th century. Afterwards, it was referred to as the gap between those with internetaccess and those without [10].
The Current State of Broadband Access in NigeriaThe national broadband supply link in Nigeria consists of an international connectivity,proposed national backbone network, metro-link access and the last mile network. Thelanding of several submarine cables at the coastal shores of Nigeria has provided about9Tbit/s of combined capacity. Nonetheless, there is a growing concern relating to thecables landing only at the coastal part of the country while access to other areas (urban andrural) of the country are affected due to the limitation in communication infrastructure[16]. Figure 1 below shows the undersea cables landing in the coastal region of Nigeria.The major broadband submarine cables infrastructure in Nigeria includes; West AfricanSubmarine Cable (WACS), Main-One, South Africa Trans-Atlantic (SAT3) and Glo-1 fibreoptic cables.

Fig 1 Fibre optic cable landing in Africa (African Undersea Cables 2013-2018)
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As shown in the figure above the major part of development recorded is in theinternational connectivity known as the core networks. The capacity of the last mile accessnetwork to provide effective broadband services in terms of bandwidth, service quality andavailability remains a major challenge that has deterred the growth of broadband accessservices.In emerging economies like Africa, infrastructures are constantly being built. Roadsare enhanced or laid, water and sewage pipes installed and replaced. This creates majorchallenges for network operators with fiber cables underground, these cables are cut farmore often than they should be and as a result network service is disrupted. Judging bywhat has been achieved in the broadband sector in Nigeria today, the moderate successrecorded so far in this sector is the landing of several high-capacity submarine cables,resulting in a drop in international bandwidth wholesale prices. However, inefficient inlandbandwidth transmission and distribution has continued to pose a major challenge and is anobstacle for the desired broadband boom in Nigeria.Wireless technology is the main means of last mile broadband connectivity inNigeria. Studies reveal that about 80% of the households in Nigeria use wireless broadband(Microwave access) which is higher than those using fixed wired broadband access at 20%[16]. The recent advancement in wireless broadband access and usage in Nigeria is as aresult of the wide rollout and upgrade of mobile network technologies as well as theintroduction of smart mobile phones and devices with the potential to connect to theinternet. About 58.1% of web traffic in Nigeria originates from mobile devices [19]. Thisstatistic may appear to show a growth in microwave access usage but in reality, it showslow penetration of computer use due to the poor electricity supply and a major limitationin terrestrial networks making mobile devices a convenient and portable economicinternet access tool despite the limitations in performance and applications.
Factors Limiting Broadband Penetration in NigeriaDespite the growing need for mobile broadband access around the world, which issupported by the increase in the use of smart phones and other mobile devices. There is avast need to increase the rate of internet penetration. The Nigerian CommunicationCommission has acknowledged the low percentage of penetration and provided initiativesto increase the rate. The factors limiting broadband penetration in Nigeria include;

● Network InfrastructureInfrastructure plays a major role in broadband penetration as it directly controlsaccess, price etc. Broadband internet access in Nigeria is limited due to the lack ofadequate communication infrastructure. The inadequacy of domestic backbonenetworks is a major underlying factor limiting the growth of broadband access. Thefibre optic backbone infrastructure is not interconnected and is mainly concentrated inurban areas and a few rural areas. There is no provision for the long distance nationalbackbone to transmit the capacities provided by the undersea cables to last mile endusers at homes, offices, schools etc.
● Poor Electrical Power SupplyThe poor state of the power supply has a negative impact on socio-economicdevelopment in developing countries. Steady power supply is a major criterion in
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accessing the internet, which unfortunately has not been addressed in Nigeria and hasled to the limited use of the internet by those who desire to use it. The power supply hasaffected the installation and management of telecommunication infrastructure, leavingoperators relying solely on power generators in powering their base stations, radiosetc. which result in an increase in overhead cost thereby affecting productivity andreturn on investment (ROI).
● Right of WayThis refers to the legal right granted to network operators to pass through certainroutes either through the ground or over property that belongs to others.Telecommunication operators in Nigeria pay a huge amount of money to have accessthereby limiting the building of network infrastructures and as a result contributing tolower broadband penetration.
● PricingBroadband adoption can be affected by pricing, especially in developing countries.Service providers have increased the cost of providing broadband access to end usersdue to the high cost of installing network infrastructure. If the demand for internet islow because the end users can’t afford these services, this affects the investors returnon investment. Therefore, service providers are forced to move to urban centres withhigh income, high population etc. In other developing countries like Tanzania, Namibiaetc. the government has built a nationwide broadband backbone infrastructure andleased it to private companies to operate at a low cost; the rate of internet penetrationcompared to Nigeria is high (Williams 2010)
● Distance/Landing PointDistance from the backbone base or landing station to the last mile users has madeit difficult for those residing in remote locations to gain access to the internet. Thefarther away the users are from the base station the greater the effect of attenuationand fading on the quality of service. All the landing points are presently stationed atLagos and the other regions of the country need to connect from this point resulting inlimited distribution. Additional landing points in other coastal parts of the country willenhance faster fibre rollout around the country.

ConclusionProviding adequate network infrastructure within Nigeria is an important factor inmaintaining economic competitiveness of the unserved and underserved areas. Thechallenge of providing high-speed broadband access in these areas needs to be tackledeffectively. Broadband penetration and access in urban communities is far better comparedto rural and remote regions who often have poor or unreliable connectivity. This reportidentifies certain factors that limit broadband penetration in Africa (Nigeria), evaluates thecurrent state of broadband in Nigeria based on fibre optic cable landing and rollout withinthe country and microwave access. It further identifies policies and initiatives laid by theGovernment in tackling the issue of the digital divide in Nigeria. To further overcome thisissue, practical research into providing qualitative and economical broadband solutionsshould be carried out across all areas in the country.
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INTRODUCTIONData logging and recording is a common measurement application. In its most basic form,data logging is the measuring and recording of physical or electrical parameters over aperiod of time. The data can be temperature, strain, displacement, flow, pressure, voltage,current, resistance, power, and many other parameters. A wide range of products can becategorized as data loggers, from basic devices that perform a single measurement to more
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Abstract: Data acquisition systems have become inevitable tool for analyses in science and technology. With
advancement in research and manufacturing processes, there is a growing demand for sophisticated yet cost-
effective data logging systems to address the complexity in data acquisition and analyses. This work addresses
the temperature and humidity data acquisition needs in research and manufacturing by implementing an
embedded system suitable for monitoring and analyzing temperature and relative humidity at specified
intervals of time. The hardware was designed and constructed using five functional parts that comprising of
ATMega328P microcontroller, real-time clock, liquid crystal display unit, SD card and a low-cost DHT22
temperature and humidity sensor to capture the temperature and relative humidity. The hardware is powered
by an AC source through a regulated power supply comprising of a shunt-regulated IC, LM7805. The captured
data is processed and stored to a memory chip (SD card) which can be retrieved at any time and displayed in a
Microsoft Excel format by inserting the SD card into a computer system. Data captured is displayed and
managed with the aid of a visual interface display unit of a 16 x 2 alphanumeric LCD. This provides a handy
system that makes data-logging easy and effective. The hardware was tested and errors of ±2.24 % and ±3.12
% were obtained for temperature and relative humidity respectively. Thus, this hardware is capable of
performing the required task with high accuracy.
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complex devices that offer analysis functions and integrated displays.Temperature is a widely measured quantity in the industry. Accurate and repeatabletemperature measurement and control are critical to products’ quality and uniformity inmany modern semiconductor manufacturing processes (Schroder, 1990).The monitoring of environmental variables such as temperature, pressure andhumidity has a long history of development and the variables have shown significantimpact in the productivity of plant growth, the quality of food industry and the efficiency ofmany temperature and humidity-sensitive equipment (Vleeschouver et al., 2017). Themonitoring of temperature and humidity of laboratories, storages, halls, school andhospitals is important with respect to health and hygiene. The reliable measurement andmonitoring are crucial in this competitive era of technology (Vleeschouver et al., 2017).Humidity is the presence of water vapour in air (or any other gas). High humiditymakes hot days feel even hotter. Low humidity can give people a feeling of a dry throat, orsensations of “static” when touching things. Humidity affects many properties of air, and ofmaterials in contact with air. A huge variety of manufacturing, storage and testing processare humidity-critical.Humidity measurements are used wherever there is a need to preventcondensation, corrosion, mold, warping or other spoilage of products (Bell, 2011). This ishighly relevant for foods, pharmaceuticals, chemicals, fuels, wood, paper, and many otherproducts.A data logger is a data-recording apparatus. For the purpose of this dissertation, theterm “data logger” shall be taken to refer to a “temperature and humidity recordinghardware”. A data logger can be configured in a number of ways depending on theapplication. Loggers can be either stand-alone, i.e., self-contained, with no externalsupporting hardware, or interface with another hardware to provide ancillary or criticalfunctionalities.
MATERIAL AND METHODMaterial used for the construction of the device are:

i. ATMega 328P 8-bit Microcontroller
ii. 5-volt DC regulated power supply

iii. DHT22 Temperature and Humidity Sensor
iv. SD Card
v. 2-row 16-character Alphanumeric Liquid Crystal Display

vi. DS1307 Real Time-Clock (RTC) Chip
vii. 24C02 Serial Electrically Erasable Programmable Read-Only Memory

viii. 3.3-volt SD Card Power Supply
ix. Power cord
x. Plastic pack
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Device DescriptionThe block diagram shown in Figure 1 represents the digital temperature and humidity datalogger.

Figure 1: Functional Block DiagramThe hardware consists of five functional blocks: the temperature and humidity module forsensing the temperature and relative humidity of the environment, RTC (Real-Time Clock)for keeping the time and date, the EEPROM (Electrically Erasable Read-Only Memory) forkeeping user’s settings, SD Card (Secure Disk Card) for data storage (humidity andtemperature history), the MCU (Microcontroller Unit) which is the core of the system: itcommunicates every other subsystem to read and write data, and LCD (liquid crystaldisplay) for visual output. It also includes power source for every sub-unit of the system.The system captures the temperature and humidity data from the sensor module,processes and stores it on the non-volatile memory device (SD card).
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Figure 2: Complete Circuit Diagram of the Device

Operations of the DeviceThe temperature and humidity data logger was designed to sample temperature andrelative humidity values of the surrounding environment of about 20-meters distance inevery two seconds. The accumulated values over one minute (60-seconds) were averagedout and stored on the SD card, along with the date and time of logging.The logs were formatted as (comma separated values) CSV, to allow easyimportation into just about any operating system without the need for a custom softwareto read its content.To set the system date and time information, four buttons were provided. Thesebuttons enabled programming the integrated DS1307 RTC in the system to reflect thecorrect date and time required for time-stamping.
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Results and GraphsThe table shows the results obtained for temperature and humidity measurements for 20-minutes testing of the constructed and reference devices.
Date

(DD:MM:YYYY)
Time

(HH:MM:SS)
Constructed

Temperature
(oC)

Constructe
d

Humidity
(%)

Reference
Temperatur

e (oC)

Reference
Humidity

(%)25/03/2019 13:00:12 34.9 22.3 35.5 22.725/03/2019 13:01:12 34.7 21.5 35.3 22.825/03/2019 13:02:12 34.7 21.6 35.3 22.325/03/2019 13:03:12 34.2 21.9 34.8 22.625/03/2019 13:04:12 34.2 21.9 34.8 22.625/03/2019 13:05:12 34.1 21.5 35.2 21.825/03/2019 13:06:12 34.1 21.5 35.2 21.825/03/2019 13:07:12 34.1 21.4 35.2 21.625/03/2019 13:08:12 34.1 21.4 35.2 21.625/03/2019 13:09:12 34.1 21.4 35.0 21.625/03/2019 13:10:12 34.0 21.5 35.0 21.825/03/2019 13:11:12 35.1 21.5 35.4 21.825/03/2019 13:12:12 35.2 21.4 36.0 21.925/03/2019 13:13:12 35.3 21.4 36.1 21.925/03/2019 13:14:12 35.4 21.3 36.2 21.625/03/2019 13:15:12 35.4 21.2 36.2 21.425/03/2019 13:16:12 35.5 21.2 36.3 21.425/03/2019 13:17:12 35.5 21.4 36.3 21.925/03/2019 13:18:12 35.6 21.6 36.4 22.125/03/2019 13:19:12 35.6 21.7 36.6 22.2

Figure 3: The Plot of Constructed and Reference Temperature against TimeFigure 3 shows the time series plot of the constructed and reference temperature againsttime. Both temperature measurement devices exhibit clear nonlinear and deterministic
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trends. On average, the reference temperature is a little bit higher than the constructedtemperature with evidence of structural breaks and this could be due to the fact that, thereference device has a probe incorporated to it which is not directly in contact with anyobject in the ambience. However, the two types of temperature measurement devices areapproximately closer and little bit far at 48th and 60th minutes respectively.

Figure 4: The Plot of Constructed and Reference Humidity against TimeFigure 4 is the time series plot of the constructed and reference humidity against time andboth series shows a concurrent increase, decrease and stable trend. However, theconstructed humidity measurement device suffers a shock decline of about 7.9% at the 57thminutes and this could be due to the fact that, the reference humidity device’s probe was indirect contact with the moisture which indicates that, for it to continue giving a closerelated measurement(s) its probe ought to be kept moist or in contact with a moist object.
ConclusionThe designed and constructed hardware was capable of measuring temperature andhumidity. More so, the device was compared with another device (reference device) to becertain of its capabilities. The results showed that, it can perform the required task.

ReferencesBell, S. (2011). A beginner’s guide to humidity measurement, Basingstoke, NationalPhysical Laboratory, United Kingdom.Schroder, D. (1990). Semiconductor material and device characterization, John Wiley andSons, New York.Vleeschouver, K. D., Loey Van, A. and Hendrickx, M. E. (2017). The Effect of high-pressurehigh-temperature processing conditions on acrylamide formation and othermaillard reaction compounds. Journal of Agricultural and food chemistry, 58(22),11740-11748.
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INTRODUCTIONThe success of a biogas-to-electricity (BTE) project is dependent on the need of the localpopulace, since no profit will be made if there is no market for the BTE plant, resulting in aloss of the investor’s capital. Nigeria is one of the major victims of shortage in global energy
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Abstract: There are concerns over inadequate supply of electricity to the local populace of Nigeria.
Constantly increasing population has led to a wider gap between supply and demand of energy,
leading to the privatisation of the power sector. Fluctuating fossil fuel prices has further increased
the need to assess the available renewable energy (RE) resources. Municipal solid waste (MSW) is
generally accepted to be a RE resource with wide availability, however, it has not been harnessed in
Nigeria. This work will present an economic evaluation of the feasibility of investing in biogas-to-
electricity projects that can process MSW generated in Maiduguri and its environments, thereby
improving the supply of electricity within the city. The assessment will be carried out for energy
generation by a biochemical process (Anaerobic Digestion) based on Primary and secondary data. It
will also incorporate all the plants’ output (digestate, recyclables, electricity and heat) as co-products
which can be marketable, but heat was assumed to be used in-house. Results obtained indicates the
investment would be feasible on wholesale and retail electricity distribution basis. However, trading
directly to end users will pay back the investment cost of the project faster at 2 years and 361 days, at
an NPV of $423,944,603.13 than having to distribute the electricity generated at wholesale prices to
electricity suppliers which would pay back the investment after 3 years and 91 days. Thus, the project
will help in increasing the amount of power available in the country, by 0.59%, which is an addition.
Hence, the BTE project will have a positive effect on the power sector, thereby contributing to the
improvement of the economy of the nation.
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amongst other sub-Saharan African countries. This shortage has led to a significantoverdependence of households on traditional energy source, like forest-wood and thecharcoal derived from it for its primary energy consumption. A likely reason for this energyshortage is a lack of access to modern energy supply, with only about 46% of householdshaving access to electricity (Dassapa 2011, Sambo 2009). Figures from The World Bank(2013) shows a 2 percent increase in the percentage of households without access toelectricity from the year 2010 to 2013 due to an increase in population. The subject ofelectricity generation, distribution and transmission has been a major issue in Nigeria andhas been the centre of previous research over the years (Akinbulire et al. 2008, Mohammed
et al. 2013, Ogujor and Orobor 2010, Oseni 2011 and Sambo 2009) due to the inadequacyof supply to the citizens of the nation. This has resulted in self-generation of electricitythrough the use of small personal generators that have low efficiencies and high CO2emissions.This is very expensive to generate. Furthermore, it is harmful to the environment asa result of the high CO2 emissions from the machines utilised for self-generation.Options of RE sources that can be utilised for decentralized power generation arewind energy systems, solar photovoltaic, biomass (agro residues, waste streams) gasifiers,small-hydro systems and so on (Buragohain, Mahanta and Moholkar 2010). Biomass basedenergy is distributed more uniformly, widely available and has a more consistent ‘source-stream’ putting it ahead of the other RE sources in Nigeria (Buragohain, Mahanta andMoholkar 2010). The use of biogas, produced from the processing of municipal solid wasteas a renewable and sustainable energy source, could be the solution to the recurrentenergy challenges of the country. Biogas is a gas composed of methane, carbon dioxide andother constituents; it is produced through the anaerobic digestion of biomass (includingwaste). Since the country has more waste generation capacity than it has the ability tohandle, this could also be a feasible approach to power generation, as well as wastemanagement (International Energy Agency 2014).This work argues that the use of biogas produced from anaerobic digestion ofmunicipal solid waste (MSW) streams is an economically feasible alternative for electricityproduction in Maiduguri, Borno state. The most important issues and the key objective ofthis work are:
• To estimate the amount of MSW generated and collected which will be used todetermine the potential biogas yield, total electrical, digestate and recyclables output(revenue generating output).
• To perform a comparative cash flow analysis of wholesale and retail electricitydistribution alternatives to determine their economic feasibility and competitiveness.

METHODOLOGYThe procedures that will be used in actualising the objectives of this study are involvescollection of primary data from the waste generated within the location. Also, a variety ofsecondary data collected from literatures both qualitative and quantitative, and used togenerate the required figures for the economic model to be carried out successfully.Location specific data will be obtained from various sources and collated.Average per capita waste generation will be obtained from taking the average ofdifferent locations in within the study area. These locations represent the academic,
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commercial, industrial and residential areas, this is because waste generation variessignificantly, thus, will yield errors if the average is not taken.
Sponsored by TETFund

Table 1: Important Data Utilised in the Research

S/N DATA USE OF DATA SOURCE1 Population To assess the amount of waste generated National PopulationCommission (2006)2 Population GrowthRate To assess the quantity of waste that canbe generated over a number of years UNFPA Nigeria (2014)3 Waste Generationper person To estimate how much waste can begenerated by a person per day Babatunde et al. (2013)4 MSW Properties General properties of waste generated inBorno state such as organic fraction ofwaste, carbon-nitrogen ratio andbiodegradability of waste generated
Abubakar et al. (2013)

5 Waste Collection To estimate how much waste can bemade available for processing Ogwueleka (2009)6 Price of Electricity,Fees Payable, taxesand incentives,Licences
To estimate revenue that can begenerated from sale of electricity, andpower regulations and incentives offered National ElectricityRegulatory Commission(2010, 2012 and 2013)and KPMG (2013)7 Energy RecoveryPotential To calculate the energy recoverable fromthe biochemical conversion of waste toenergy MUDGI (2013:15)

8 Plant costs To estimate the costs of buildingmunicipal solid waste to energy plant EIA (2013)
Population and per capita waste generation were used to calculate the total wastegenerated per day; this was converted to waste generated per year.

( / )= (ℎ )× ( /ℎ/ ) (1)
This was according to calculations made by the Anderson centre, and GMU (2001). Futuregenerated waste projections were made using the population growth rate of the state. Thepercentage quantity of total generated waste that can be collected was assumed to be 70%(Mattocks,1984). The MUDGI biochemical conversion model was modified according to thelocation specific data and used to calculate the biogas yield, net power generation andenergy recovery potential of the biogas plant. Using MUDIG (2013:15) energy recoverypotential as shown below;
Total Waste Quantity: W (tonnes)
Total Organic/ Volatile Solids: VS (50%) (66% ) = 0.33 × (2)
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Typical Digestion Efficiency (60%) ( ) = 0.80 / (3)0.80 × 0.60 × 0.33 × × 1000 = 158.4 × (4)
Calorific Value of biogas = 5000kcal/m3 (typical)( ℎ) = × 5000/860 = 921 × (5)( ) = 1339.53 × /24 = 38.4 × (6)
Typical Conversion Efficiency (30%) ( ) = . × (7)($)= ( ℎ) × / ℎ (8)
Percentage plant consumption (15%) and energy loss due to down time (10%) wassubtracted from total energy generated in order to get the net energy generation. Thecapital cost and the operation and maintenance (O&M) cost of the proposed plant wascalculated based on estimates of municipal solid waste power plant costs established byEIA (2013). The cost was given as 8,312 ($/kW) and 392.82 ($/kW-year) for capital andO&M costs respectively. These figures were given for plants with nominal capacity of 50MW. This formed the basis for the cost estimation for this study.A discounted cash flow for economic analysis will be constructed for a ten-yearMSW to electricity generation project. Ten years was selected because the licences forpower projects are only valid for ten years in which it can be renewed.  The variablesrequired for the project analysis are capital investment, operation and maintenance costs,cash flows, present values (PV), net present value (NPV), internal rate of return (IRR),payback period (PP) and benefit-cost ratio (BCR) and sensitivity analysis.
RESULTS AND DISCUSSIONThe waste generated per year was calculated using the amount of waste collected througha period of three months within the study area. Only 70% of total waste generated iscollected, thus yielding a total waste generation of 1,142,313.87 Tonnes/year of MSW inthe first year and 1,543,370.87 Tonnes/year of MSW in the tenth year. Also, the amount ofrecyclable waste saleable was calculated to be 50% of the inorganic waste collected afterpre-treatment and is shown in Table 2.These results were used to calculate the amounts of all required outputs to begenerated as stated in the methods section. These outputs include the biogas yield,electrical energy generated, digestate output after digestion and the amount of saleablerecyclables gathered. The amounts generated as shown in Table 2 was used to calculate theincome generating potential of the BTE project.
Table 2: Results Obtained for Revenue Generating OutputsYear Population Total WasteCollected(Ton/year) OrganicFraction ofWasteAvailable forDigestion(Ton/year)

Biogas Yield(M3/Year) SolidDigestateOutput(Ton/Year)
Amount ofSaleableRecyclables(Ton/Year)

Net EnergyGenerated(kWh)
1 5,198,716.00 1,142,313.87 712,461.16 164,151,050.95 320,607.52 175,345.18 219,026,875.532 5,375,472.34 1,181,152.53 736,684.84 169,732,186.6 331,508.1 181,306.91 226,473,789.3
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8 8 03 5,558,238.40 1,221,311.72 761,732.12 175,503,081.03 342,779.46 187,471.35 234,173,898.134 5,747,218.51 1,262,836.32 787,631.01 181,470,185.79 354,433.96 193,845.38 242,135,810.675 5,942,623.94 1,305,772.76 814,410.47 187,640,172.10 366,484.71 200,436.12 250,368,428.236 6,144,673.15 1,350,169.03 842,100.43 194,019,937.96 378,945.19 207,250.95 258,880,954.797 6,353,592.04 1,396,074.78 870,731.84 200,616,615.85 391,829.33 214,297.48 267,682,907.268 6,569,614.17 1,443,541.32 900,336.72 207,437,580.78 405,151.52 221,583.59 276,784,126.109 6,792,981.05 1,492,621.73 930,948.17 214,490,458.53 418,926.68 229,117.43 286,194,786.3910 7,023,942.41 1,543,370.87 962,600.41 221,783,134.12 433,170.18 236,907.43 295,925,409.13
Cost EstimatesFor the plants, the capital cost for the tenth year was used for the purpose of the analysis asthis was the point with the highest energy generation. It was calculated using the capitalcost criteria stated in the methods section, and is given as $367,353,475.36. Both of theproject alternatives have the same capital cost as they generate the same amount ofelectricity. The total capital investment comprises of the capital cost, and applicable licencefees required for each of the project alternatives to be evaluated. For project alternativeone, the licences for generation, transmission, distribution, systems operations and tradingare included in the capital investment. While the project alternative two only takes intocognisance the licence fees for generation and wholesale distribution.
Table 3: Total Capital Investment

Alternative one Alternative two
License Category ($) ($)Generation 30,916.20 46,374.30Transmission 306,107.99 N/A*System operations 306,107.99 N/ADistribution 81,107.99 20,610.80Trading 81,107.99 N/ACapital cost 367,353,475.36 367,353,475.36
TOTAL CAPITAL INVESTMENT 368,158,823.52 367,420,460.46
*Not ApplicableThe operating cost was also calculated according to the criteria stated in the methodssection of this study. The two projects alternatives also have the same operating costs butdifferent operating fees as shown in Table 4.
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Table 4: Total Operating Costs for the each of the two project Alternatives
Yea

r
Alternative One Alternative TwoOperatingcost ($) OperatingFee ($) Total ($) Operatingcost ($) OperatingFee ($) TOTAL ($)

1 10,913,005.74 2,036,949.94 12,949,955.68 10,913,005.74 427,102.41 11,340,108.152 11,284,047.93 2,106,206.24 13,390,254.17 11,284,047.93 441,623.89 11,725,671.823 11,667,705.56 2,177,817.25 13,845,522.81 11,667,705.56 456,639.10 12,124,344.664 12,064,407.55 2,251,863.04 14,316,270.59 12,064,407.55 472,164.83 12,536,572.385 12,474,597.41 2,328,426.38 14,803,023.79 12,474,597.41 488,218.44 12,962,815.856 12,898,733.72 2,407,592.88 15,306,326.60 12,898,733.72 504,817.86 13,403,551.587 13,337,290.67 2,489,451.04 15,826,741.71 13,337,290.67 521,981.67 13,859,272.348 13,790,758.55 2,574,092.37 16,364,850.92 13,790,758.55 539,729.05 14,330,487.609 14,259,644.34 2,661,611.51 16,921,255.85 14,259,644.34 558,079.83 14,817,724.1710 14,744,472.25 2,752,106.30 17,496,578.55 14,744,472.25 577,054.55 15,321,526.80
Comparison of Project AlternativesIn utilising the converted biogas, two project alternatives were analysed. Projectalternative one details a total investment in the project, from generation of electricity totrading directly to the end users. Retail prices were used to calculate the income fromelectricity and kept constant over the ten year licences’ validity period. Project alternativetwo details investment in just generation and distribution to electricity suppliers,wholesale prices were used to calculate the income from electricity, these were alsoassumed to be constant over the ten-year validity of the licences. Table 5 below shows thecriteria for which the profit indicators used for the economic analysis of the project’sviability will be acceptable for any particular project alternative. Outside of these criteria,the project will not make any profit and will therefore fail.
Table 5: Acceptability Criteria of Profit Indicators
Economic Profit Indicator Criteria for Acceptability

NPV ($) NPV > 0
DISCOUNT RATE (%) Discount Rate < IRR
CBR CBR >1Table 6 shows the results of the profit indicators used in this project, obtained from thediscounted cash flow analysis for the two project alternatives. The NPV of alternative one
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was $423,944,603.13, which was higher than zero, indicating that the project has a highprofit potential. To strengthen this result, the IRR was 42%, indicating that the projectcould be profitable. The BCR was obtained to be 1.78 which is greater than 1; hence forevery $1 invested, the wholesale electricity distribution project option will deliver $1.78.Therefore, the project could recover its costs in about two years and 361 days, and stillmake further profits as high as $0.78 for every dollar spent.The NPV of alternative two was $367,083,352.63, which was also greater than zero,but less than that of alternative one, thus indicating profitability less than that ofalternative one. The IRR was about 3.56% less than that of alternative one, meaning thatdespite its apparent potential for profitability when distributed wholesale, would yield lessprofit than when the electricity is distributed on a retail basis. Also, the BCR was less thanalternative one by $0.8 and the costs would only be recovered after 3years and 91 days.
Table 6: Economic Profit Indicator Results from Discounted Cash Flow analysisEconomic Profit Indicator Alternative one Alternative twoNPV ($) 423,944,603.13 367,083,352.63IRR (%) 42.00 38.44BCR 1.78 1.70As can be seen from Table 6 above, installing biogas plant will yield profits whether theenergy generated is sold on a retail or whole sale basis.  Hence the project alternativehaving the highest potential to generate profit will be chosen by the investors.

Figure 1: Cumulative Cash Flow of Project Alternatives

Figure 1 compares the cumulative cash flows of the two project alternatives beingevaluated. As can be seen, there was a marked difference between selling as a retail energyprovider than selling as a wholesale energy provider. Trading directly to end users will payback the investment cost of the project faster at 2 years and 361 days, at an NPV of$423,944,603.13 than having to distribute the electricity generated at wholesale prices toelectricity suppliers which would pay back the investment after 3 years and 91 days.
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Figure 2: Relationship between the NPV and IRR for the Two Project Alternatives

As can be seen from Figure 2, the NPV becomes 0 at 42% discount rate for alternative one,and 38.4% for alternative two. This further confirms the profitability of Retail distributionover Wholesale. Therefore, the cash flow analysis of BTE plants shows economic viability ofthe project when all outputs (Digestate, Electricity, and Recyclables) are able to generaterevenue.
CONCLUSIONFrom the discounted cash flow model adopted in this research, results obtained indicatedthat investing in Nigeria, and selling all of the plant’s output (electricity, digestate, andrecyclables) at current market prices, with a discount rate of 14.60%, will yield aneconomically viable investment. The results obtained and presented from the economicanalysis of BTE plants in Nigeria, reveals that the argument posed in the introductionsection of this work, which states that “the use of biogas produced from anaerobicdigestion of municipal solid waste (MSW) streams is an economically feasible alternativefor electricity production in Nigeria” is true and can be accepted. However, this argumentcan only be fully accepted if all plant outputs and benefits such as waste processing,reduction of landfill tax, reduction in carbon emission, digestate, electricity, and recyclablesare inputted into the revenue generating stream.Competition in the electricity market by new entrants in generation and retailsupply will help in reducing the price of electricity, and also allow consumers to choosetheir suppliers, thus improving their confidence and reliability in the energy sector. This
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will also reduce the amount of self-generation of electricity in the state, thereby reducingcost, noise pollution and CO2 emissions into the atmosphere.
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distribution of rainfall is the main research problem for telecommunication scientists andengineers because of its impairing effects on the propagation of microwave signals atfrequencies beyond 7 GHz. However, rain data received over longer-integration times tendto average out and under-estimate worst cases of rainfall intensity. It was reported that atKu-band, the attenuation is not up to 1 dB during the clear sky, but can reach 10 dB duringthe raining condition. Signal attenuation levels are more than 20dB in the most tropicalregion of the world so resulting in network signal loss, particularly for time-critical serviceslike banking, defence, telemedicine, and in the military. It is very expensive to completelymitigate this degradation [3]. Atmospheric effects play a vital role in the design of satellite-to-earth links operating at frequencies above 10GHz. Raindrops absorb and scatter radiowaves, causing signal attenuation and decrease system availability and reliability. Theharshness of rain impairment rises with frequency and changes with regional locations.Therefore, the incidence of rainfall on radio links becomes more important for frequenciesas low as about 7GHz especially in tropical and equatorial climates, where extreme rainfallevents are common. Rain-rate and rain attenuation maps for the country of Nigeria wereestablished using the models mainly designed for tropical zones and also a model for theestimation of point rain rate, while the ITU model is used for rain attenuation predictionmethod [4]. There is a need for reliable rainfall rate data for planning and designing of thesatellite communications system, management of water resources and to assess the effectof climate change. Rain gauge measurement networks are not as dense or evenly spaced inNigeria as in the other developed countries like the US and Japan; thus satellite observationof rainfall networks may be the best solution for adequate temporal and spatial coverage ofrainfall [5].Satellite communication allows two or more earth stations to communicate witheach other through a radio relay system. The radio signals while being transmitted throughthe atmosphere, during rain events, are mitigated by absorption and scattering through thetransmission medium. However, the troposphere has a lot of water vapor molecules,carbon monoxide molecules, oxygen molecules, and various aerosols such as snow, fog, andrain; and all these affect radio signals, leading to continual absorption, reflection, andscattering, which causes energy reduction (and attenuation). Rain attenuation can bedefined as the product of “specific attenuation” in dB/km and the “effective propagationpath length” in km. The ratio of the attenuation due to rainfall to the specific attenuation isreferred to as the point rain rate while the product of the “path reduction factor” and the“physical path length”. The concept of effective path length is a method to average out thespatial inhomogeneity that is inherent in rain rate, and accordingly, the specificattenuation. Due to spatial inhomogeneity in rain rate which largely fluctuates with rainfallintensity, changes in path length reduction factor can be said as a function of rain rate or itscorresponding time exceedances. Attenuation can, then, be derived from directmeasurements or can be predicted from the knowledge of long-term rain rate [6].
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Fig 1: NIGCOMSAT 1R Parameter.

Fig 2: Ku-band ECOWAS 1 Beam Parameter.
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Fig 3: NIGCOMSAT 1R Parameter for C-Band ECOWAS 1 Beam

Fig 4: Automatic Parameter Generation On Map Showing Maiduguri and its Environs.
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Fig 5: Automatic Parameter Generation On Map Showing Maiduguri and its Environs.
Determining The Look Angle and Azimuth AnalyticallyParameter from NIGCOMSAT 1Ri. → 13.13° , 11.9°ii. → 42° , 0°

Resolving Using the Formula Method( ) = ( ) ( ) ………………………………. (1)= 	 (11.9) (42 13.13) = 0.857= 31.03= 43174.94 , 			 = 6378.14 	

Determining The Look Angle and Azimuth Analytically( ) = ( )
( ) ……………............(2)



International Journal of Information, Engineering & Technology

garcjournalssubmit@gmail.com 62

= ( . )
. . . . ( . )= 53.99°= tan tan(42 − 13.13)sin 11.9 = 69.494

= 180 − = 180 − 69.494 = 110.5= 110.5°

Obtaining C/N During Clear SkyTaken F = 12GHz for down link Ku band= , , = 53 , =? , , =? , =? , ⁄ =? ,= + + − …………………………(3)
Looking for the antenna gainUsing ʅ = 60%, = 2= ……………………………………….,(4)= ×× = 0.025= ʅ …………………………………………..(5)
= 0.6 × × 20.025 = 45.8 		

Looking for Free Space Loss= 32.45 + 20 36796.8 + 20 12000 = 205.35Clear path loss= 2∴ 	 = 205 + 2 = 207.35
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ℎ , 	 = 53 + 45.8 − 207.35 = −108.5 	= ……………………………………….(6)Equally= + ………………………………………..(7)= 270 1 − 10 = 100= 100 + 100 = 200= 1.3 × 10 × 200 × 8 × 10 = 2.208 × 10 	 = −136.56⁄ = − …………………………………………(8)= −108.5 − (−136.56 ) = 28.1
G/T Ratio of Earth StationThe ratio of the earth station

= ………………………………………… . . (9)
= 	
45.828.1 = 2Hence ⁄ >

Determining Rain Attenuation

………………………………(10)

Takenℎ = 5, ℎ = 0, = 11.9°∴ = …………………………….(11)

effLA R=
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						 ∴ 5 − 0sin 53.9 = 6.188∴ = cos ………………………………………(12)= 6.188 × cos 53.9 = 	3.646 	Rain rate contour map . =85( . ) Db     ………………………..…(13)0.0168(85) . = 3.745 /
Table 1: Table of Coefficient [4].F (GHz) kH kV ∝ ∝

4 0.00065 0.00059 1.121 1.075
6 0.00175 0.00155 1.308 1.2658 0.00454 0.00395 1.327 1.31010 0.0101 0.00887 1.276 1.26412 0.0188 0.0168 1.217 1.20020 0.0751 0.0691 1.099 1.06530 0.187 0.167 1.021 1.00040 0.350 0.310 0.939 0.92950 0.536 0.479 0.873 0.868
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Table 2. Local climatological parameters of the stations in Nigeria [4].
Station Longitude (◦N) Latitude (◦E) Average annual accumulation(mm/year)

Akure 5.18 7.17 1485.57Ikeja 3.2 6.3 1425.207Calabar 8.17 4.58 2864.907Minna 6.33 9.36 1196.751Kano 8.3 11.58 924.850Makurdi 8.53 7.32 1337.371Sokoto 5.13 13.04 567.206Maiduguri 13.08 11.51 648.455Dikwa 14.52 12.08 657.433Adamawa 12.3 9.10 1012.398Ile Ife 5 7.5 1215.27Ilorin 4.5 8.5 1232.775Port Harcourt 7 4.2 2803.104Warri 5.44 5.29 2617.503Enugu 7.27 6.25 1876.301Abuja 9.25 7.1 1777.538Saki 3.23 8.39 1097.968Jos 8.5 9.5 1186.89Gombe 11.11 10.16 746.805Bauchi 9.5 10.18 849.397Kaduna 7.26 10.33 1103.464Zaria 7.41 11.04 801.879Borno 12.45 11.59 574.488Gusau 6.4 12.09 650.288Nguru 10.25 12.59 451.586Katsina 7.35 13 556.336
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Figure 6. Rain Rate (Mm/H) Contour Maps For 0.01% Of Time In Nigeria [4].
The horizontal reduction factor . for 0.01%

. = . . × …………(14)

. = 11 + 0.78 3.646 × 3.74512 	 − 0.38(1 − ( × . ))

. = 0.688
Calculating The Vertical Adjustment Factor∴ = tan . …………………………………(16)= tan . × . = 63.34 deg
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= 63.34, > , satisfied for the condition. therefore= . ……………………………………………….(17)
				
3.646 × 0.6885cos 53.9 	 = 4.26

Considering the latitude of Maiduguri Borno state. Nigeria (11.9°)∴ ℎ 	 	 	 	 < 36
ℎ , 		 = 36 − 11.9 = 24.1	

The Vertical Adjustment Factor

. = √ ( ÷ ) × . …………..(18)

. = √ . . . × . × . . …..…(19)
. = 0.114

Calculating AttenuationEffective path loss= × . …………………………………………..(20)
	 = 4.26 × 0.114 = 0.48

The Predicted Attenuation

. = ……………………………………………………..…(21)= 0.48 × 3.745 = 1.82
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Calculating CNR During Rain= + ………………………………………………...(22)= 270 1 − 10 , 	 = 2 + 1.82 = 3.82
= 270 1 − 10 . = 158= 100 + 100 = 257= 1.3 × 10 × 258 × 8 × 10 = 2.68 × 10 	 = −115
⁄ = − ……………………………………………………(23)= −108.5 − (−1156 ) = 7.21

Ratio of The Earth Station

= = 	
45.824.1 = 1.9Hence ⁄ >

ResultThe result summary.Name                                                                  ResultElevation Angle  Analytically                                     53.990Azimuth Analytically                                                110.50C/N During Clear Sky                                               28.1DbPredicted Rain Attenuation                                      1.82dBCNR During Rain 7.21dB
ConclusionConclusively the formulas ware proven reliable as can be seen during determining the elevationangle (EL) which is 53.990 compared to 53.90 which was generated automatically fromNIGCOMSAT 1R website. However careful measures must be taken to ascertain the accuracy of theresult. The result obtained will be very helpful in the satellite link budget and design.
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1. INTRODUCTION
1.1 BACKGROUNDOkra or Okra, known in many English speaking countries as Ladies fingers, Okro or gumbo,is a flowering plant in the mallow family. It is valued for it edible green seed pods. Theorigin of Okra is disputed, with supporters of West Africa, Ethiopian, and South Asianoriginal. The plant is cultivated in the tropical, subtropical and warm temperate regionsaround the world (John, 2000).The main objective of the project is to design a simple okra slicer. The specificobjectives are:i. To design a machine to cut okra.ii. To construct the machine.iii. To test the performance of the machine.Using Okra slicing machine help to reduce difficulties that are encountered with theprocessing of okra using hands which is laborious and very slow and result in wastage ofokra. This machine makes it easy for okra processing. This machine was constructed usinglocal materials which make it affordable for local farmers to own and use.
2. DESIGN METHODOLOGY
2.1DESCRIPTION AND WORKING PRINCIPLE OF MACHINE
2.1.1Description of machineThe okra slicer consists of the following main features:i. A feed hopper
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ii. Casingiii. Shaftiv. Transmission unit.v. Outlet chutevi. Slicing units (cutting blades)vii. Power unit
2.1.2 MATERIAL SELECTIONMaterials for the construction were selected base on strength, functionality, durability, ability towithstand vibration and the cost of such material. In the choice of material, their physicalproperties and behavior were considered such that when subjected to the machine runningcondition should be able to withstand their service condition.
2.2 WORKING PRINCIPLE OF THE MACHINEThe crop (okra) is fed into the machine through the hopper and it goes into the slicing chamberwith the help of the force of gravity where there are blades attached to the shaft. The machine isoperated by an electric motor. As the electric motor is on, then the power is transmitted to theslicing chamber by the transmission units such as the pulley and the belt which rotate the shaft andcut or slice the okra. As the okra is sliced it goes out of the machine through the outlet chamber.
2.3 DESIGN CALCULATIONS2.3.1 Feed hopper:The hopper will be designed to be a frustum, trapezoidal in shape and the dimensions will bechosen based on proportionality and aestatics (Ndirika, 1993). The angle of the base to the verticalis ( ) which will be the measured angle of repose of okra.Volume of hopper will be determined from the following equation.= ( + + × ) (Ndirika, 1993)1= ×= ×= ×Where;V = Volume of frustum, m3= Area of the top of the frustum, m2A = Area of the base of the frustum, m2= Area of rectangular side of frustum, m2= Height of frustum, m= Height of hopper, m= Length of frustum , mB = Breadth of the top frustum, m
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B = Breadth of the base frustum, m
2.3.2 Angle of repose of okraThe angle of repose is the angle between a base and a slope of a cone formed on a free vertical fall ofgrain mass to a horizontal plane.Formula for calculating angle of reposeƟ = tan (Ndirika, 1993)The angle of repose of okra was determined by allowing the fruits to fall freely from a height, and arule was used to measure the height of the heap formed. The following values were obtained:Height of the pile HP = 20cmDiameter of pile DP = 40cm Ɵ = tan 2HPDPWhere HP = height of the pile in cmDP = diameter of the pile in cm.
2.3.3 Weight of shaft
Main shaft: shaft material is mild steel with density of 7.83 x 103kg/m3D = 10mm

= 4Volume of the shaft V = A x LMass of shaft M = PVWhere P = density of shaft material
2.3.4 Determination of pulley dimensionNIDI = N2D2 (Ndirika, 1993)Where NI = speed of electric motor (1426rpm)DI = diameter of driving pulley (50mm)N2 = speed of driven pulley (366mm)D2 = diameter of driven pulley?
Belt drive dimensionThe amount of power transmitted depends on the following;
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i. The velocity of the belt,
ii. The tension under which the belt is placed on the pulleys,

iii. The arc of contact between the belt and the smaller pulley,
iv. The conditions under which the belt is used.

V-belt: According to Khurmi and Gupta, (2013) V-belt is mostly used where a great amount ofpower is to be transmitted, from one pulley to another, when the two pulleys are very near to eachother. And where both pulleys rotate in the same direction open belt drive is used (Figure 4).Therefore V-belt will be used.

Figure 1: Open belt drive (Source: Khurmi and Gupta, 2013)Where, R = Radius of the larger pulley,r = Radius of the smaller pulley,x = Distance between the centers of two pulleys (i.e. 01, 02) andL = Total length of the belt.
2.3.6 Distance between pulley centersThe distance between pulley centers according to Khurmi and Gupta, (1992) is given by:= (2 : 3 + )Where;   R= radius of big (driven) pulley,r= radius of small (motor) pulley.The larger of the two values of X is usually chosen.= 2= 2
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2.3.7 Belt lengthThe belt length will be determined using equation 2 (Khurmi and Gupta (2013).= ( + ) + 2 + ( ) 2Where; = Distance between pulley centers mmd1= Driver (electric motor) pulley diameter mmd2 = Driven pulley diameter mm
2.3.8 Bearing selectionThis was done base on ASAE (1979) standard. The factors considered are:i. Speed of the shaftii. Size of the shaftBearing allows motion between mechanical elements and lower the friction between them.(James, 2017).A single row deep groove ball bearing was selected with inner diameter of 10mm and externaldiameter of 20mm which are four in number and have the same size. That is for the main shaft andthe lower shaft.
2.3.9 Power requirementThe belt torsion would be determined using the equation given by Khurmi and Gupta, (2013).P = T1 – T2 =

= 60Where;P = Power from the prime mover (W)T1& T2 = tension on the slack and tight side of the belt respectively (N)N = Speed of prime mover (rpm)D = Diameter of pulley (m)θ = Angle of the lab (rad)µ = Co-efficient of friction between the belt and the pulleyV = Velocity of belt (m/s).
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2.3.10. Design of shaftThe required diameter for a solid shaft having combined bending and torsional loads is obtainedfrom two basic theories of failure namely,i. Maximum Shear Stress Theory or Guest’s theory used for ductile   materials such as mildsteel,ii. Maximum Normal Stress Theory or Rankin’s theory used for brittle materials such as castiron (Hannah, 1984).Since mild steel is used for the shaft, maximum shear stress theory was used for the design of theshaft diameter and it is given in the equation 5 (Khurmi and Gupta, 2013).= (K M ) + (K M )Where; SS = Maximum permissible shear stress,= , 6Kb = Combined shock and fatigue factor applied to bending moment,Kt = Combined shock and fatigue factor applied to torsional moment,Mb = Maximum bending moment, Nm,Mt = Torsional moment, Nm.
2.4 INSTRUMENTATIONThe instruments used include;i. Protemeter: It is a digital instrument used to measure content of grains. The grain master isprotemeter moisture meter used was manufactured by Martin Linshman Ltd and has a range of0 – 100%.ii. Tachometer: This is used to measure the speed of shaft in revolution per minute.iii. Stop watch: This is used to obtained time for each experiment in second. The stop watch modelKK – 1045, and manufactured by Kenko it had a range of 0.00 – 9.59.59.iv. Lysimeter: This is use to measure the weight in kilograms of materials. The Lysimeter wasmanufactured by Norwood instruments Ltd and has a range of 30kg maximum weight.
2.5 PERFORMANCE EVALUATIONThe formulae for evaluating the different parameters for the performance of the machine wereobtained from Ndirika (1993).i. Slicing efficiency Se (%): This is defined as the ratio of the weight of the fruits collected tothe weight of total fruits. =Where; Wt = total weight of fruits put into the hopper.



International Journal of Information, Engineering & Technology

garcjournalssubmit@gmail.com 76

Wcs = weights of fruits collected at the outlet.ii. Scatter loss, SCL (%): This is the loss acquired due fruits scattering around the slicer duringslicing operation. = × 100%Where: Ql = quantity of okra scattered around the machineQt = total quantity of okra introduced into the machineiii. Throughput capacity, TC (kg/h): This is the total material quantity that pass through themachine in a given time.Through-put-capacity=Where: Qs = Quantity of sliced okraT = time taken to sliced the okra
3. RESULT AND DISCUSSION
3.1 RESULTSThe machine was designed, constructed and tested by slicing the okra. The experiment was carriedout on the machine using the okra of different quantity up to four times and it is as follows in tablebelow.

Table 1: results of the Okra slicing machineS/N Mass of
okra(kg)

mass of
scattered
okra(kg)

mass of sliced
okra(kg)

Time
take(s)

Se (%) TC

(kg/h)
SCL
(%)

1 0.70 0.092 0.595 40s 85 53.5 13.142 1.00 0.103 0.880 60s 88 52.6 10.333 1.50 0.1012 1.38 75s 92.5 66.0 6.754 2.00 0.0614 1.92 90s 96 76.8 3.07
mean 90.37 62.2 8.32

From the results on the table above, the average slicing efficiency, throughput capacity andscattered losses are 90.37%, 6.22kg/hr and 8.32% respectfully. The result shows that the slicingefficiency and throughput capacity increases with increase in mass of okra introduced into themachine but the scatter losses decreases with increase in mass of okra introduced into the machine.
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Figure 2: Developed Okra Slicing Machine.

4. CONCLUSION AND RECOMMENDATIONS
4.1 CONCLUSIONThe design and fabrication of a okra slicing machine was successfully done. The machine can also beused to process other agricultural materials that have similar physical rheology and mechanicalproperties. The machine was designed to replace the traditional method of slicing okra which isvery laborious.
4.2 RECOMMENDATIONSAs a result of some bottlenecks encountered during the construction and testing of the machine, thefollowing are recommended for further improvement on the machine.i. The size of the hopper should be increased and a means of pressing the okra inside thehopper should be provided.ii. The outlet chute should be encased for safety and hygiene.
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1. INTRODUCTIONThe world is an energy economy. All forms of existence on earth and in the universe,both living and non-living things, contain energy in different forms and quantities. The totalamount of energy in the universe is fixed because according to Isaac Newton's Law ofMotion, energy can neither be created nor destroyed. The survival of mankind through theages has revolved around the transformation of energy from one form to another. Thegreatest challenges to man's energy transformation activities are cost and energy lossesassociated with the transformation processes and technologies, Renewable energy in theform of wood was the first major global source of energy before it was displaced by coalduring the Industrial Revolution of the 18th century. The discovery and exploitation ofpetroleum oil and gas led to its dominance as a global source of energy during the SecondWorld War and it has remained the dominant source of energy till today. The Middle EastOil Embargo of the1970's which led to global shortage in the supply of crude oil and hugeupsurge in the international price of crude oil and spiraling inflation in Europe and theUnited States served as a catalyst for the western countries' drive for improved energysecurity through the reduction of dependence on imported fossil fuels for electricitygeneration, heating and mass transportation (Faninger 2012), This is the reason for

International Journal of Information, Engineering & Technology

Volume 11, Issue 2, PP 78-83, ISSN: 2360-9194, December, 2020
Double Blind Peer Reviewed International Research Journal
garcjournalssubmit@gmail.com
Journal Series: Global Academic Research Consortium  (garc)

Abstract: Renewable energy is widely regarded as future substitute to fossil fuels mostly because it
is self-replenishing and environmental-friendly. However, its use in the electricity industry is
presently limited because it is about four to eight times more expensive than fossil fuels. This paper
examines the global macroeconomics of renewable energy in electricity utilization from the
perspective of a developing country such as Nigeria and the rest of Africa. The energy
macroeconomic variables examined are access to energy, cost-competitiveness, electricity demand
supply curve, net energy ratio, entropy, capital intensity, environmental externalities, energy
efficiency and dispatchability. The implications of each of these macroeconomic variables projected
future outlook of the energy industry with particular reference to electricity utilization and
recommended strategies for developing countries are also examined.

Key words: Electricity, Energy, Fossil fuels, Macroeconomics, Renewable Energy.

International Journal of Information, Engineering & Technology

garcjournalssubmit@gmail.com 78

Modern Microeconomics Renewable Energy

Umar Abubakar Wakta1, Ahmed Musa Haruna2, Sadiq Alhaji Goni3 and
Hajja Inna Usman4Department of Electrical and Electronics Engineering, Ramat Polytechnic MaiduguriNigeria | Email: 1uskon4all@gmail.com, 2mohammedmusah86@yahoo.com,3gonisadiq@mail.com

1. INTRODUCTIONThe world is an energy economy. All forms of existence on earth and in the universe,both living and non-living things, contain energy in different forms and quantities. The totalamount of energy in the universe is fixed because according to Isaac Newton's Law ofMotion, energy can neither be created nor destroyed. The survival of mankind through theages has revolved around the transformation of energy from one form to another. Thegreatest challenges to man's energy transformation activities are cost and energy lossesassociated with the transformation processes and technologies, Renewable energy in theform of wood was the first major global source of energy before it was displaced by coalduring the Industrial Revolution of the 18th century. The discovery and exploitation ofpetroleum oil and gas led to its dominance as a global source of energy during the SecondWorld War and it has remained the dominant source of energy till today. The Middle EastOil Embargo of the1970's which led to global shortage in the supply of crude oil and hugeupsurge in the international price of crude oil and spiraling inflation in Europe and theUnited States served as a catalyst for the western countries' drive for improved energysecurity through the reduction of dependence on imported fossil fuels for electricitygeneration, heating and mass transportation (Faninger 2012), This is the reason for

International Journal of Information, Engineering & Technology

Volume 11, Issue 2, PP 78-83, ISSN: 2360-9194, December, 2020
Double Blind Peer Reviewed International Research Journal
garcjournalssubmit@gmail.com
Journal Series: Global Academic Research Consortium  (garc)

Abstract: Renewable energy is widely regarded as future substitute to fossil fuels mostly because it
is self-replenishing and environmental-friendly. However, its use in the electricity industry is
presently limited because it is about four to eight times more expensive than fossil fuels. This paper
examines the global macroeconomics of renewable energy in electricity utilization from the
perspective of a developing country such as Nigeria and the rest of Africa. The energy
macroeconomic variables examined are access to energy, cost-competitiveness, electricity demand
supply curve, net energy ratio, entropy, capital intensity, environmental externalities, energy
efficiency and dispatchability. The implications of each of these macroeconomic variables projected
future outlook of the energy industry with particular reference to electricity utilization and
recommended strategies for developing countries are also examined.

Key words: Electricity, Energy, Fossil fuels, Macroeconomics, Renewable Energy.

International Journal of Information, Engineering & Technology

garcjournalssubmit@gmail.com 78

Modern Microeconomics Renewable Energy

Umar Abubakar Wakta1, Ahmed Musa Haruna2, Sadiq Alhaji Goni3 and
Hajja Inna Usman4Department of Electrical and Electronics Engineering, Ramat Polytechnic MaiduguriNigeria | Email: 1uskon4all@gmail.com, 2mohammedmusah86@yahoo.com,3gonisadiq@mail.com

1. INTRODUCTIONThe world is an energy economy. All forms of existence on earth and in the universe,both living and non-living things, contain energy in different forms and quantities. The totalamount of energy in the universe is fixed because according to Isaac Newton's Law ofMotion, energy can neither be created nor destroyed. The survival of mankind through theages has revolved around the transformation of energy from one form to another. Thegreatest challenges to man's energy transformation activities are cost and energy lossesassociated with the transformation processes and technologies, Renewable energy in theform of wood was the first major global source of energy before it was displaced by coalduring the Industrial Revolution of the 18th century. The discovery and exploitation ofpetroleum oil and gas led to its dominance as a global source of energy during the SecondWorld War and it has remained the dominant source of energy till today. The Middle EastOil Embargo of the1970's which led to global shortage in the supply of crude oil and hugeupsurge in the international price of crude oil and spiraling inflation in Europe and theUnited States served as a catalyst for the western countries' drive for improved energysecurity through the reduction of dependence on imported fossil fuels for electricitygeneration, heating and mass transportation (Faninger 2012), This is the reason for

International Journal of Information, Engineering & Technology

Volume 11, Issue 2, PP 78-83, ISSN: 2360-9194, December, 2020
Double Blind Peer Reviewed International Research Journal
garcjournalssubmit@gmail.com
Journal Series: Global Academic Research Consortium  (garc)

Abstract: Renewable energy is widely regarded as future substitute to fossil fuels mostly because it
is self-replenishing and environmental-friendly. However, its use in the electricity industry is
presently limited because it is about four to eight times more expensive than fossil fuels. This paper
examines the global macroeconomics of renewable energy in electricity utilization from the
perspective of a developing country such as Nigeria and the rest of Africa. The energy
macroeconomic variables examined are access to energy, cost-competitiveness, electricity demand
supply curve, net energy ratio, entropy, capital intensity, environmental externalities, energy
efficiency and dispatchability. The implications of each of these macroeconomic variables projected
future outlook of the energy industry with particular reference to electricity utilization and
recommended strategies for developing countries are also examined.

Key words: Electricity, Energy, Fossil fuels, Macroeconomics, Renewable Energy.



International Journal of Information, Engineering & Technology

garcjournalssubmit@gmail.com 79

tremendous increase by western countries in research budget to develop alternativeenergy sources to fossil fuels that will be commercially competitive and readily available.This is contrary to the perception today that the main driver for the developed countries'interest in renewable energy development is carbon footprint reduction and concernsabout externalities associated with environmental pollution (Stokes 2015),.An understanding of the most important and distinguishing characteristics of electricity iscrucial to understanding its economics. These characteristics are unstorability (due to thehigh cost of doing so), society and government perception of electricity (as a merit good ora social good) and the inelastic nature of demand-supply curve of electricity. These featuresare examined in detail below.
2. Macroeconomics of Renewable Energy DevelopmentThe macroeconomics of renewable energy will be examined from the followingperspectives:a) Self-replenishing and uncontrolled access of renewable energy resourcesb) Cost-competitiveness of renewable energy resourcesc) Inelastic demand-supply curve of electricityd) Net Energy Ratio, Net Energy Gain (NEG) and Entropye) Capital Intensityf) Environmental externalitiesg) Energy efficiency and energy subsidiesh) Dispatchability
a. Self-replenishing and uncontrolled access of renewable energy resources.Renewable energy resources can be regarded as public goods or quasi-public goodsbecause they are inexhaustible and access to them is almost uncontrollable. Whilerenewable energy resources have value in use, they do not have value in exchangesince they are available to all and their consumption does not diminish the amountthat is available for others to consume (characteristic of public goods). Thesecharacteristics exposes renewable energy resources to the Tragedy of the Commonswhereby their uncontrolled consumption can as a result of destructive self-interest,lead to damaging exploitation behavior. This is because the utilization of renewableenergy resource provides no incentive for individuals or the users to preserve theresource. This can have a future military application through the transformation ofuncontrolled access to renewable energy resources especially as solar energy, todeliberately limited access to energy sources.
b. Cost-competitiveness of renewable energy resources. There are two majorsources of energy for electricity generation namely fossil fuels and renewableenergy sources. Fossil fuel power technology has a well-established global supplychain network and has become acceptable, available and affordable to people allover the world. In contrast, renewable energy technology is more recent, less wellresearched and developed, relatively more expensive and does not yet haveestablished global supply chain infrastructure. Some countries in recognition of thecommercial shortcomings of renewable energy technology when compared to fossilfuel power generation technology, have introduced various schemes that makes theformer more cost-competitive, e.g., UK's Renewable Obligation (RO) certificates. Onthe other hand some other countries such as Nigeria are yet to develop policies thatwill make renewable energy competitive with the dominant fossil fuels. With the
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pace of progress being made in renewable energy development, it is projected thatin the next few decades, the unit cost of renewable power generation may be ascheap as that of fossil fuel power generation.
c. Inelastic demand-supply curve of electricity. Electricity is inelastic in manycountries because it plays a central role in the everyday lives of people and there isyet no viable and competitive alternative to the roles that it plays in the society.Irrespective of the price of electricity or the quantity in supply, its demand willbarely be affected. Consequently, in many developing countries where there is astrong societal perception of electricity as a social good, governments impose aprice ceiling on electricity tariff in order to make it affordable for the citizens. Evenin the developed countries where electricity is perceived as a merit good withemphasis on its efficient supply, social welfare schemes are put in place in order tomake the lower segments of the society are able to pay for electricity - a furtherrecognition that there is yet no commercially competitive alternative to electricityand hence the reason why electricity has inelastic demand-supply curve. Debatesstill persist concerning whether electricity markets should be free-floating orgovernment controlled via price ceiling and other control mechanisms.
d. Net Energy Ratio. Net Energy Gain (NEG) and Entropy. Net energy ratio orEnergy Return on Energy Invested (EROI) is the energy available for finalconsumption divided by the expended in producing it. A related expression is NetEnergy Gain (NEG) which is the difference between energy that can be usefullyconsumed and the energy that is spent to make it available for consumption. Fossilfuels contain energy in concentrated form and have low entropy and more energyavailable for useful work/consumption compared to renewable energy resourceswhich are characterized by energy in dispersed form and higher entropies. This isillustrated in Table 1 which shows that renewable energy resources have lower netenergy ratios than fossil fuels. From an energy management perspective, this makesrenewable energy resources more expensive to process for final consumption.

Energy source Energy category Net energy ratioShale oil
Fossil fuel

5Natural gas 10Oil (global) 35Coal 80Ethanol (sugarcane)

Renewable energy

0.8-1.0Ethanol (corn-based) 0.8-1.0Biodiesel 1.3Photovoltaic cells 6.8Wind 18Hydropower >100Table 1: Net Energy Ratios for Fossil Fuels and Renewable Energy Sources (Source:Timmons, Harris and Roach 2014a),
e. Capital intensity. Accordingly to IRENA (2016), in terms of capital intensity,renewable energies have considerably higher capital costs per kW compared to
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fossil fuels and thus are more capital intensive - refer to Table 2. However,renewable energy resources have much lower operation and maintenance costcompared to fossil fuels. Total Cost of Electricity Produced (TCOE), also calledLevelized Cost of Electricity (LCOE) or Levelized Energy Cost (LEG) is used tocalculate the net
Energy source Energy category Capital cost($)/kWNatural gas (combined cycle) Fossil fuel 1,019Coal (advanced pulverized fuel) 3,607Hydropower

Renewable energy
3,915Wind (onshore) 8,852Biomass 9,089Wind (offshore) 17,800Solar (photovoltaic) 19,365Solar (thermal electric) 25,335Table 2: Capital Intensity of Renewable Energy and Fossil Fuel Sources (Source: Timmons,Harris and Roach 2014b)Present value of the unit cost of electricity throughout the life time of the plants thatproduce the electricity (Dyesol 2017), An ideal energy source should have low capita!intensity. It is expected that sustained research and development will continue to reducethe capital intensity of fossil fuels and renewable energy resources for power generation.

f. Environmental externalities. Externalities are the costs of benefits that affect aperson or party without their consent or input and which usually does not reflect inthe cost of the activity that produces that cost or benefit. Environmentalexternalities are the costs or benefits that affect the environment as a result of theexecution of an economic activity. Generally speaking, renewable energy utilizationgenerally produces lesser negative environmental externalities such as pollutioncompared to fossil fuels that generate a lot of it. Externalities whether positive ornegative should ideally be completely internalized in order to fully capture the totalcost of electricity generation, moderate producer and consumer behaviour andpromote efficiency (Borenstein 2012), The full integration of the cost the of the of allenvironment externalities  into levelized energy cost (LEC) for power generationwill significantly increase the unit cost of power generation from fossil fuels andthus enhance the cost-competitiveness of renewable energy power generation. Mostdeveloping countries such as Nigeria have very low recognition of the economic costof environmental externalities associated with power generation activities.
g. Energy efficiency and energy subsidies. Renewable energy suffers from resourceintermittencies (mainly solar and wind) and have lower dispatchability compared tofossil fuels especially natural gas.
3. Implications of Macroeconomics of Renewable Energy DevelopmentFossil fuels, as finite and exhaustible energy sources, have a limited period within which



International Journal of Information, Engineering & Technology

garcjournalssubmit@gmail.com 82

they can be relied upon to supply global energy needs, unless a form of technology leads tochanges that will make this inapplicable. Unless another form of available energy source ispresented, renewable energy resources will remain the most potentially viable alternativeenergy source to fossil fuels. This makes it imperative that people, the society andgovernments to have a more active interest in the activities of scientists involvedrenewable energy research and development. Economic cost, defined by affordability inenergy security 4 A's, is the most important criterion that determines the viability of anyalternative to fossil fuels.Different countries attach different weights to the economic indices enumerated abovethat affect renewable energy development. In developing economies with low per capitaincome, inadequate power generation capacity, low level of infrastructural developmentand numerous competing socio-economic challenges such as Nigeria, capital intensity(capital cost of development) is probably, the most important economic index to considerin making an investment in renewable energy development. The internalization ofenvironmental externalities is the least important factor. On the other hand, in developedcountries of United States and Europe with already well developed physical and socio-economic infrastructure, sufficient power generation capacity, high per capita income andhigh standard of living, relative cost-competitiveness and environmental externalities willlikely be the most important criteria for renewable energy investment decisions. Thesefactors apply to both public and private sector investment decisions in renewable energyprojects. While taking cognition of these factors that influence today's investmentdecisions, it is also important to develop adaptive strategies for the economic variables thatwill affect renewable energy investment decisions in future.One major index that can significantly affect renewable energy decisions in the future isthe International Seabed currently managed by the International Seabed Authority (ISA). Itis estimated that there abounds in the international seabed, a vast amount of fossil fuels(coal, oil and gas) deposits and renewable energy (wind and wave energies) resources. Thefossil fuels deposits in the international seabed are reputed to be more than the presentlyknown proven fossil fuels reserves added together. Similarly, the whole energy of the vastoceans and open seas in the international seabed is also known to be enormous. However,the geographically fluid and non-restrictive nature of renewable energy resources bringsinto perspective ownership and rights over them. For example, in the absence ofinternational delineation over the International Sea Bed (ISB) which is reputed to containthe largest amounts of fossil fuels as well as tidal and wave resources, and since theeconomic value of any commodity is derived as a function of its limited supply viz-a-vizdemand and the existence of ownership rights over it to a finite number of persons, itbecomes challenging and important to determine the true economic value of the resourcesabundant in the ISB by the time technology development makes commercial exploitation ofthe ISB resources possible and competitive. The determination of the economic value of acommodity is fundamental to the assignment of a basis of exchange in a market betweensuppliers (supply side) and consumers (demand side).
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CONCLUSIONMajority of perspectives of macroeconomics of renewable energy are from the developedcountries. Their main economic objective for investing in renewable energy development isto increase their energy security through reduction and ultimately elimination ofdependence on imported fossil fuels for their energy needs. Africa and other developingregions of the world need to formulate and implement their own macroeconomic strategyfor energy management by developing the appropriate fossil fuel and renewable energymix that is favourable to their energy interests. Ultimately, the global energy communityhas to agree on an energy mix that satisfies the energy needs of the world both now and inthe future.
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Senate committee in an effort to tackle the 35% energy losses due to theft and sabotage. This reportreviews the performance of the power sector since 2018 and maintains that power must berealistically priced in order to attract the investments required to provide electricity to parts of thenation without power. With about 60% of the country’s population without access to electricitysupply, the enforcement of a cost-reflective tariff system could offer an opportunity to reach morecustomers and provide a more sustainable solution to the distribution problems currently affectingthe industry. In addition, policies that promote the adoption of alternative sources of power mustbe properly implemented so as to meet the rising electricity demand (Adebowale et al, 2017).Table.7 Nigeria’s energy mixEnergy ource Percent of generationFossil 81.72Wind 0.01Solar 0.08Hydro 18.19Nuclear 0Geothermal 0Source: Global petrolprice.com
ROLE OF RENEWABLEENERGY SOURCESThe persistent depletion of fossil fuel sources and the quest to combat greenhouse emissionsand its environmental impact has led to exploration of other renewable energy sources (Mekontso
et al., 2019).  In 2018, transition to renewable energy in the power sector, a significant impact wasachieved on Carbon Dioxide (CO2) emission, by evading 215 Mt of emissions (International EnergyAgency, 2018). This success story from renewable was driven by China and Europe, togethercontributing 66% to the worldwide aggregate. Without this change to low-carbon energy sources in2018, emission could have hit 50% higher. Power generation from sustainable sources expanded7% in 2018, infusing an extra 450 TWh into worldwide power systems (International EnergyAgency, 2018) . The power sector has seen significant transition lately regardless of growth inemissions. Today it is estimated that electricity generation contribute 475g CO2/kWh, a 10%enhancement in reduction from the 2010 intensity records. Without this, worldwide CO2 emissionswould have been 1.5 Gt higher, or 11% of current power sector emissions. This success over theyear has been achieved as a result of huge investment in Photovoltaic (PV) plant, Wind, Bioenergy,Geothermal, and other renewables sources. Residential households including commercial buildingconsumes about 40% of world’s total energy contributing one-third of the greenhouse emissionsglobally(Isa et al., 2018).The irradiance level and duration of sunshine in most West African countries makes harnessingof solar as the main source of her future energy.In Nigeria, electricity access rate was nearly 60% in 2015 (according to the World Bank), with 86%of urban areas and 41% of rural areas with access, while access to non-solid fuels reached only
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4%. Nigeria has huge sun oriented energy potential, with genuinely conveyed sun based radiationaveraging 19.8 MJm2/day and normal daylight long periods of 6h/day. The expected potential forconcentrated sunlight based power and photovoltaic age is around 427,000 MW.Moreover, it is essential to harness energy that are sustainable, economical and are less risky tonature while simultaneously fulfils the rising need for power (Isa et al., 2018).  This need has driventhe idea of inexhaustible and sustainable energy to the first of ecological maintainability discuss. Intarget to use the sustainable source to satisfy the power need, sun oriented photovoltaic power hasbeen seen as the best accessible alternative that can bolster this strategic in enormous capacity tocreate power. Photovoltaic technology has several benefit including small size of sun powered plantthat can take points of interest of unused space available on top of household and existing buildings.The PV modules are quiet and clean since they operate on incidence radiation emitted from the sunother than traditional fossil fuel (Isa et al., 2018). Many rural communities in these subregions aresmall and far away from the national grid or transmission infrastructure, supplying electricity viathe traditional infrastructure will not be cost-effective (Shenawy et al., 2017). The deplorablenature of road networks linking this long-distance communities makes it impossible to installgenerator and transport fuel to produce electricity in such environs.The optimization results over the years show that  the use of batteries in conjunction with therenewable sources is economic and ecological friendly(Isa et al., 2018). In addition, a power supplysystem consisting of the aforementioned technologies are capable meeting the maximum powerdemand in rural communities or the installation they supply. Telecommunication networks ormedia transmission systems base stations are regularly provided with regards to standaloneenergy systems since they are every now and again installed at remote areas without simple accessto the distribution system (Merei et al., 2013). Off - grid PV system is eventually considered as thefuture of the world's energy sector and has significant role of electricity generation. Off grid PVenergy system usually includes energy storage battery system. The idea of Stand-alone PV system iswell established for both distributed and centralized systems in Nigeria and major part of theworld. Photovoltaic systems can be considered as the most far-reaching arrangement with hugeedges of progress while guaranteeing the age of energy with low ecological effect (Askarzadeh &Askarzadeh, 2017).However there are assortment of optimization issues that are non-direct and non-arched innature such as uncertainties associated with the renewable power sources, load demand and thenon- linear attributes of certain parts.Optimization algorithms are significant methodologies for resolving complex optimizationissues. optimization is characterized as the strategy of revelation that gives the base or mostextreme estimation of a function f(x) [8]. There are numerous reasons that make these problemshard to unravel. To start with, we cannot play out a complete inquiry if the domain space isexcessively enormous. Secondly,the evaluation function is uproarious or shifts with time, producinga progression of arrangements rather than a solitary arrangement. Thirdly, in some cases theimperatives forestall landing at a potential arrangement with the end goal that the optimizationapproach is the main outcome.The complex nature of optimization problems is due to nonlinearities and the implicit nature ofPV modules, critical computational exertion is required to get everyone of the parameters,consequently, in this setting distinctive metaheuristic algorithms has been proposed and used overthe years. This is because of the improved precision and diminished execution time of this artificialintelligence techniques. Besides, the capacity of metaheuristic algorithms, for example, Genetic
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Algorithms (GA) particle swarm optimization (PSO), artificial bee colony, firefly algorithm (FL) toadapt up to missing meteorological information, is a noteworthy advantage.
SOLAR ENERGY POTENTIAL IN NIGERIASolar power is developed its huge potential in the last decades with total installed capacity of12,493 MW. The Renewable Energy Master Plan (REMP) seeks to increase the supply of renewableelectricity from 13% of total electricity generation in 2015 to 23% in 2025 and 36% by2030. Renewable electricity would then account for 10% of Nigerian total energy consumption by2025.The mission has accelerated the development in this sector considering grid satisfaction andstand competition in market with an targeted vale of 12,493 MW of grid and 3,904 MW of off gridconnected plants (Cecily et al, 2019).
AVAILABILITY OF ENERGY THROUGH SUNSolar energy is a very clean sour of energy resources available freely an in abundant. Nigeria isblessed with abundant solar energy.  The country has an annual average sunshine of about 6.25 h,ranging from 3.5 h at the coastal regions to 9.0 h at the north. Similarly, the mean daily solarradiation is about 5.25 kWh/m 2 /day, ranging from 3.5 kW/m 2 /day at coastal zones to 7.0kWh/m 2 /day at the north. This extra ordinary local put Nigeria in very good advantages. It dividesthe country into two half due to which almost 300 sunny days are available annually because oflocation advantage. The average available solar irradiance is of 4-7KWh per sq. Thus, a day whichcan produce 5000 trillion kilowatts of energy.it is also estimated that potential of energy can beharnessed on 12.5% of the land mass. Also scope of adoption of building integrated approach helpsin enhancing capacity. In addition the scope of distributed generation with mini and micro grids cansolve the problem of rural figure 1 and figure 2.

Figure1: Map of Nigeria showing global solar Irradiation (kWh/m 2 /day, from 1985 to 2004) onoptimally inclined plane at the various locations (Cecily et al, 2018)
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Figure 2: Exploration of solar radiation data from three geo-political zones in Nigeria (Cecily et al,2018)
TECHNICAL CHARACTERISTICS OF SOLAR ENERGYIn Nigeria the global solar insolation is between 4 to 5.5. Electricity generated by solar cells isproportional to the area exposed and the intensity of global insolation received. Its conversionefficiency is defined by= Po/Pi where Po is the maximum power output and Pi is the power input atStandard Test Conditions (STC) of 1000 W/m2global insolation, 25 ◦C module temperature and 1.5air–mass (AM). Solar cell, the change in efficiency with temperature is found to be±0.5% ◦C−1.For	long term power generation; this inverse variation of efficiency with temperature is more or lesscompensated by season’s changes. Solar based power generation depends on component selection,global insolation, seasonal variation, elevation angle, and temperature and battery capacity. Theoutput of solar generation is maximum at noon and again it reduces to zero at night. For Nigeria, theSolar based system may able to give 67% efficiency without battery backup if the sky is clear.
INTEGRATION OF ELECTRICITY THROUGH SOLAR ENERGY IN SUPPLY SYSTEMNigeria’s off-grid market has huge potential, especially in the areas such as rural electrification,power irrigation pump sets, back-up power generation for the expanding network of cellulartowers across the country, captive power generation, urban applications, highway lighting etc. Inaddition to the government's initiatives such as Feed-in-Tariffs/Generation Based Incentive(GBI) aspart of the NSM, the incentives under the semiconductor policy, and other expected incentives forthe industry make the long-term prospects for this industry much brighter (Dada et al, 2017; Adenji
et al, 2019). These targets and plans have potential to attract a variety of businesses in Nigeria,belonging to diverse segments - manufacturing, installation, operation and maintenance, trainingand engineering, procurement & construction (EPC) businesses, and more.  The Nigeria energyresource master plan proposal (2020-2025) for new and renewable energy to rationalizesstrategies for the development and Deployment of these sources. Thus, going forward, the marketfor photovoltaics in Nigeria is likely to be shaped by the following priorities• Grid interactive solar power projects:• Remote village solar lighting program:• Retailing of solar energy products:



International Journal of Information, Engineering & Technology

garcjournalssubmit@gmail.com 89

ECONMICSThe main object of Renewable Energy Association of Nigeria (REAN) and other agencies is to makea global leader in solar energy by boosting development into sector with appropriate policyconditions. The strategy is administered throughNigeria Energies with Nigerian government, Energy development agencies in the various States forgeneration based incentives for grid connected solar plants with an extended scheme for central/state/ public / private PV power projects (Aondoyila et al, 2019) .Nigeria’s solar PV market is growing with tremendous rate. Currently, the Nigeria Solar PVmanufacturing sector is export-led, and is much larger than the country's total installed capacity. Inaddition, the National Solar Mission’s target to achieve 20 GW by 2030, of which 50% will be solarPV, and its plan to produce modules and cells domestically increases module production capacity.Many states in Nigeria are also devising the ambitious policies for solar PV power generation. Thus,there exists a huge manufacturing opportunity not only for the export market but also to fulfil theNigeria federation and state targets.
CONCLUSIONSNigeria is a fastest developing country in which, its economic growth is measured with the powerconsumption. Various renewable technologies are contributing for supplying demand power andsolar energy is promising technology measured considering geographical location of country withabundant energy sources.  Solar technology is most dominating player in renewable energyscenarios with its advance in technology and support to grid with highest generation capacitywhich is most suitable. Considering scopes, initiatives and resources it quite feasible to be explored.Moreover, solar is also growing at faster rate for grid contribution and support wit withdevelopment of technology and reduction of cost.  Solar energy has played a vital role in the overallelectrification of rural areas and various off grids installations and applications, Hence currentlypowering  as a major contributor in some agriculture sectors  and in near feature with variouspolicy and initiatives by government.The authors believe that beginning to tackle our renewable energy issues by taking pragmatic stepstowards implementing developed plans such as the one presented in this paper will take Nigeriaout of the circle of a consuming economy to a creating one.Development of Nigerian energy sector which will contribute to the Nations GDP. Since theseenergy could be exported for foreign exchange that will revamp the Nigeria’s economy. Providingelectricity would not only solve rural urban migration but would also ensure good educationaloutcomes in the rural communities where children find it difficult to learn in the evening.
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1.0 INTRODUCTIONInfrastructure which is the life line of any settlement, it plays a very vital role bothin existing and new settlements. Settlements lacking infrastructure have the likely hood ofhaving diversified problems which hindrance the existence of both plants and animals.Some of the problems associated with lack of infrastructure can lead to poor health andhigh mortality. Where there are no clinic or hospital available, or where lack roads orbridges makes them inaccessible people cannot access the medical service that theyrequire to be healthy and productive. Lack of infrastructure also leads to lack ofemployment by acting as disincentives to investment. Companies who struggle to produceand sell goods in an area with inadequate roads, electricity or water supply do not want toset up the factories or business that could potentially generate employment, improve living
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Abstract: Infrastructure which is the live line of any settlement plays an important role in the existence ofboth plant and animal’s lack of infrastructural faculties in any settlement leads to problems ranging fromheath and sanitation poverty and unemployment etc. the role of urban planner in ensuring infrastructure,utility, efficiency and effectiveness is broken into three categories which are the role in new settlement,existing settlement and regional settlement. In ensuring infrastructure utility efficiency and effectivenessspecific planning standard using either population or distance criteria are used. Some of the problemsassociated with efficiency and effectiveness of infrastructure in the developing nation are planning, finance,and implementation. The solution to these problems are privatization, participatory planning and the use ofappropriate technology. No doubt the difference between the developed nation and the developing nation isinfrastructure, utility efficiency and effectiveness.
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standard and reduce poverty. Lack of adequate infrastructure perpetuates poverty becauseit denies possibilities. Hunger one of the most obvious systems of distance from food. Whenpeople live far away from food source, food security depends on infrastructure that ensuresfood can be transported in an efficient and cost effective way (Alan, 2008).Infrastructure provides access to water and sanitation facilities are also key to goodhealth, tube well or piped water are needed for people to drink , cook and bath. Sanitarytoilet facilities are required to prevent the spread of bacteria and disease. (A villager inMozambique explains “the most dangerous thing is that cholera has always appearedduring the raining season and it is then that the river is in spate and boats cannot cross.”The answer to treating cholera in this case is not medicine or doctor, it is a bridge. That isgoing by the villager, but to the urban planner who is pursing infrastructure efficiency theanswer will be clean and safe drinking water as well as sanitation.The distinction between the developed nation and the under developed ones is theefficiency and effectiveness of the infrastructural facilities and service in the two nations.Development is always associated with availability and functionally of infrastructuralfacilities in place. In the developed countries/ nations efficiency and effectiveness inservice provided have gone or been linked to every nooks and crannies of the countries somuch that the citizen of these nations feel that it is part and parcel of their communitywhich is not in the developing nations where citizens and governments are still trying toput in place these infrastructural facilities not talking of its efficiency and effectiveness. Agood examples of developed nations where urban planning is been practised for long is theGreat Britain and no doubt that the role of the urban planners in pursing infrastructureefficiency and effectiveness in the country has been felted for a very many years. Anexample of the urban planners work in ensuring infrastructure efficiency and effectivenessis the city gate project where more sophisticated infrastructure such as the subway systemof mass transportation is been.The aim of the seminar is to identify the role of urban planners in ensuringinfrastructure efficiency and effectiveness. It will be achieved through identifying theproblems associated with lack of efficient and effective infrastructure, identifying the rolesplayed by urban planners in ensuring the efficiency and effectiveness of infrastructuralfacilities, identifying the problems associated with making infrastructure efficient andeffective and finding solution to the problems.
2.0 ROLES OF URBAN AND REGIONAL PLANNING IN INFRASTRUCTURE AND UTILITY
EFFICENCY/ EFFECTIVENESS.Urban planners are usually hired by developer’s private property owner’s privateplanning firms and local, regional government to assist in the large- scale planning ofcommunal and commercial developments as well as public facilities and transportationsystem. Urban planner in the public role often assist the public and serve as valuedtechnical advisor in the myriad web of the community political environment relateddiscipline include regional ,city, environmental, transportation, housing community andcultural planning. The roles of the urban planner in infrastructure, utility efficiency andeffectiveness are broken into the following types of levels this are the: (i) New settlements
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(ii) Existing settlements(iii) Regional settlement.(i) New settlements: The pursuit of urban and regional planner in infrastructure,utilities efficiency and effectiveness in new settlements starts from the divisionof large parcel of land into plots this process is usually known as layout design(residential, commercial, industrial etc). The principal infrastructure used individing this parcel of land into segments is the road network in trying to ensureefficiency and effectiveness in the volume of traffic these roads carries the urbanplanner has different categories of road network ranging from primary,secondary district access/path with size such as 12m, 18m 24m 50m etc seetable 1. The urban planner takes into consideration the anticipated volume oftraffic to be generated by the threshold population he is planning for in the newtown or settlements. These networks of roads are not just put in place but rathercertain criteria which ensure it efficient use are also considered such as avoidingcross junctions sharp bends and long stretch of roads all in an attempt ofreducing accidents to the lowest level. Just like the road network all otherinfrastructural facilities are computed having in mind the population of theproposed settlement and projection are made into the future with anticipatedgrowth rate usually with a span of years gap given for example a ten yeardevelopment plan of a proposed settlement can be computed with the thresholdpopulation as the base for the projection into the anticipated increase in the sizeof the settlement in the future.Table1. Standard for urban road systemTypes ofroad Roadreservation(meters) Types oflanes(meters) No. oflanes Widthof lanes Dividewidth(metres) Width(metres)Expressway 90 Dual 4-6 3.7 3.0-5.0Primaryroad 90 Dual 4-6 3.7 3.0-5.0Secondaryroad 40-60 Dual 2-4 3.7 1.8-2.5 3.0-5.0Distributorroad 18-25 Single 2 3.4-3.7 - 1.8-3.0Access road 12-15 Single 2 3.4-3.7 - 1.8-3.0Cul-de-sac 11 Single 2 3.1-3.4 - 1.5-1.8Source: Obateru, (1986) Uloko and Agbonuga, (2005)(ii) Existing settlements: In many communities, growth and development hasbrought problems related to infrastructure. Growth affects the cost ofinfrastructure, demand and efficiency. The role of urban planner in ensuring thatinfrastructural facilities are efficient and effective in communities cannot be overemphases. The role start in existing communities by identifying infrastructure inthe settlement, under taking studies on the need assessment of communitieswith regards to infrastructure taking the population of the communitycomparing them with existing infrastructure facilities using specific planning
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standards to ascertain whether the available infrastructures facilities tally withthe population it serve, this way the urban planner can know the depicts ofinfrastructure facilities in communities. The role do not even stop at that , butrather goes be young to see how best this infrastructural facilities can be used toachieve the maximum output expected of it. For example, water is one importantinfrastructure that is required by any settlement or community, the urbanplanner in ensuring it availability , efficiency and effectiveness start by identifythe source, the best method of harnessing it, how to connect every home/building and computing even the total requirement of this essentialinfrastructure (i.e. consumption per capita). This applies to all the infrastructuralfacilities in the every community or settlement.
Table2 Site and access standard for neighbourhood facilities and services

Neighbourhood facilities and
services

Site area
(hectare)

Maximum service radius
(meter)Nursery school 0.8-1.6 400Nursery primary school 1.6-3.2 400-800Civic centre 0.8-1.6 800Shopping centre or market 1.6-4.0 800Retail shops 0.05-0.1 100-150Neighbourhood playground 1.6-2.4 400-800Neighbourhood park 0.8-2.4 400-800Children’s playground 0.2-0.5 100-150Health centre 0.4-0.6 800Place(s) of worship 0.3-04 800Postal agency 0.1-0.2 800Police post 0.2-0.4 800Commercial bank 0.3-0.4 800Petrol filling station 0.3-0.4 800Refuse deport 0.2-0.4 400-800Service industries 2.0-3.0 1,600Cemetery 1.0-1.5 1,600Source: Adapted from Obateru (1986, 2003) Uloko and Agbonuga (2005)(iii) Regional settlement: The pursuit of urban planner in ensuring efficient and effectiveinfrastructure and utility is not restricted to a single community or neighbourhood butrather to group of community/ settlements which is otherwise referred to as a regions herein ensuring that infrastructure and utility are effective and efficient certain facilities whichrequire large population are proposed using the various regional planning conceptsdepending on the concept which suits the regions collective infrastructural facilities whichlink more than two or more settlements are proposed in a manner in which efficiency andeffectiveness is achieved. Example of regional infrastructure includes the regional watersupply from dams which serves more than one settlements.  Planning for the efficient andeffective utilization of this infrastructure is not only restricted to the primary purpose but
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rather other uses such as irrigation agriculture, fishing etc which can go side by side withthe primary purpose which is providing adequate safe drinking water to the communities.Another regional infrastructural facility is the road which links communities inensuring effective and efficient infrastructural facilities usage the urban planner identifiessettlement with potential benefit in terms of either population, agricultural potentialities,mineral resources etc are link to consumption areas. Electricity which is another importantinfrastructural facility is transmitted from the generation stations to varioussettlements/communities using cables which span long distance branching in settlementsall in an attempt to ensure that efficiency is achieved. The urban planner compute theelectricity requirement of settlement, the size and amount of transformers required tomake the supply effective and efficient. These are some of the few regional infrastructures,utility. All others not mention have planning standard of ensuring efficiency andeffectiveness.
Regional planning standardss/no Population Facilities number Area in SQM1 5,000 Dispensary 1 2,000Convenience shopping 1 1,000Parking area 1 5,000Postal agency 1 400Play ground 1 5,000Police post 1 400Bore hole 1 602 10,000 Comprehensive health centre 1 5,000Senior secondary school 1 6,000Religious building 2 400Electric substation 11kva 1 2,000Post office 1 400Community hall 1 2,000Local shopping 1 3,000Police station 1 400Service market 1 2,000Taxi stand 2 60Parks 1 10,000Play ground 1 10,000Water tank/ reservoir 1 2,000Waste collection/ treatmentfacility 1 2,0003 1,000,000 Specialist hospital 200 bed 1 5,000Veterinary hospital 1 3,000Psychiatric hospital 1 2,000Electric substation 66kva 2 10,000Community park 1 50,000
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Bus terminal (car park) 1 1,000Waste water treatment As per requiredMultipurpose park/ ground 1 20,000Post office 1 400Police station 2 1,0004 5,000,000 Teaching hospital 500bed 1 25,000Veterinary hospital 1 2,000University/polytechnic/college 3 100,000Police station 3 1,000Fire station 5 to 7 km radius 3 10,000Adult education centre 1 1,000Electric substation 220kva 1 40,000Service market 1 60,000Bus terminal 1, 2,000District park 1 10,000Ceremonial ground 1 10,000Post office 2 5,0005 Zonal / subcity Medical college 1 As per requiredNursing and paramedicinstitution 1 2,000Telephone exchange 1 2,500Sub city whole sale market 1 150,000Post office 1 2,500Multipurpose ground 1 80,000Divisional sport centre 1 300,000Bus deport As per required1 10,000Adopted from Kadyali 2005 and  Delhi urban area regional plan (2012)
3.0 Problems associated with ensuring infrastructure efficiency and effectiveness

3.1 Planning: planning is concerned with deliberately achieving some objectives, and itproceeds by assembling actions into some orderly sequence. In trying to ensure efficiencyand effectiveness of infrastructure detailed analysis of situation must be made from what isobtained in the past to the present and possible into the future in terms of infrastructurerequirement of settlement this is always a big problem especially in the especially in thedeveloping countries where these series of activity in planning is difficult to achieve.Sometimes the activity may be in order but before the programme is implemented theprojected period of development may be over so change in the target population will occurand hence not achieving the efficiency and effectiveness of the service to be provided by theinfrastructural facilities.
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3.2 Finance: provision and maintainers of infrastructure facilities is the responsibility ofthe government especially in the developing countries where the resource is limited orscares and these infrastructural facilities require huge capital to be place. Sometimes theinfrastructures may be in place but resource to maintain them will be a problem whichleads to inefficient and ineffective infrastructure service/facility delivery.
3.3 Implementation: Another hindrance to infrastructure efficiency and effectiveness isthe implementation stage as project which have direct bearing to human development arenot implemented either because of political reason or in some case the project may be oncourse by the previous government and abundant by the government of the day.
4.0 Solution to infrastructure efficiency and effectiveness

4.1 Privatisation: transferring ownership of public service from public sector(government) to private sector to operate for a profit or to non profit organisation. Some tobe the solution to efficient and effective delivery of infrastructural service, this is moreimportant in the developing nations where scares resource are competing for unlimiteddemands. A good example of privatisation is in the mobile telecommunication sector ofNigeria which has relatively succeeded.
4.2 Participatory planning: can result in programmes that are better and more efficient.By consulting the poor and giving voice to their concern and needs the resulting action aremore likely to be relevant and appropriate to the conditions they face.
4.3 Use of appropriate technology: Taping local technology in the installation andmaintainers of infrastructure, utility facilities and service will in no small way help inensuring the efficiency and effectiveness solving the problem that way appropriatetechnology which are hard to find especially after installation i.e. for maintains of theinfrastructural facilities.
5.0 ConclusionThe purists of the Urban and Regional Planner is mainly ensuring infrastructure, utilityefficiency and effectiveness as all other roles are by extension linked to it, this because theefficiency and effectiveness of infrastructure leads to a liveable settlement, because waterwhich is an example of an infrastructure is life as without it existence is not possible, it alsoleads to aesthetics in settlement road which is another examples of infrastructure is thefirst and gateway of archiving aesthetics quality of settlement especially when layoutproperly with interconnection within and among the various land uses in a settlement. Theefficiency and effectiveness of infrastructure in a settlement enhances the security of thesettlement with adequate lighting night crime can reduce to minimal; with layout roadnetwork surveillance is made easy. Another infrastructure aspect of infrastructureefficiency is in the provision of employment and reduction of poverty with infrastructureeconomy activities are made easy adequate energy for production of goods, efficient andeffective road network makes transportation of goods and services. When infrastructure isaccess in every home then equality among the citizens of settlement is archived. When thelow income earner pays for water/electricity bill just as the higher income earner in the



International Journal of Information, Engineering & Technology

garcjournalssubmit@gmail.com 104

community then social justices is archived. These are some among the connection betweenthe other purists of urban planner and infrastructure efficiency and effectiveness.
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INTRODUCTIONIn the past few years, wood machining has often been treated as the last factor on improvingproductivity as an integrated part in furniture manufacturing; nevertheless, with growing concernon the future supply of wood resources, it becomes significant for researchers to gain a betterunderstanding of wood machining process nowadays. Currently, Meranti (Shorea Leprosula) woodbecomes more popular as an important raw material in Malaysia furniture and wooden toolsmanufacturing industry due to unique properties of Meranti such as excellent light red woodtexture and color like high quality hardwoods. In addition, Meranti wood can be generally obtainedfrom Meranti tree plants which are mostly found in Southeast Asian countries. Consequently, inorder to improve the productivity of using Meranti wood for  furniture manufacturing industry,
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Abstract: Problem statement: In wood machining operation, the quality of surface finished is an
important requirement for many turned work pieces. Thus, the choice of optimized cutting
parameters is very important for controlling the required surface quality. Approach: The focus of
present experimental study is to optimize the cutting parameters using a single performance
measure which is the surface roughness. Optimal cutting parameters for the surface roughness
measure were obtained employing Taguchi techniques. The orthogonal array, signal to noise ratio
and analysis of variance were employed to study the performance characteristics in turning
operation.Results:The experimental results showed that feed rate had no effect on surface
roughness.Moreover,it was found from the experiment that the factors affecting a surface roughness
were cutting speed and depth of cut, with having tendency for reduction of roughness value at higher
depth of cut and greater cutting speed.Conclusion:Thus,it is possible to increase machine utilization
and decrease production cost in automated manufacturing environment.

Key words: Surface roughness, Taguchi parameter design, turning, Meranti wood

International Journal of Information, Engineering & Technology

garcjournalssubmit@gmail.com 105

An Investigation of the Optimal Cutting Condition in Meranti
(Shorea Leprosula) Wood in Turning Process using Taguchi

Method

Zakaria Umar1, 2* Mohammad khairol1 Mai Bukar Ngawaitu2*

1Department of Mechanical and Manufacturing Engineering, Universiti putra Malaysia, 43400serdang, Selangor Malaysia.2Ramat Polytechnic Maiduguri, P.M.B 1070, Borno state, Nigeria.Corresponding author; e-mail:zakariaumar39@yahoo.com

INTRODUCTIONIn the past few years, wood machining has often been treated as the last factor on improvingproductivity as an integrated part in furniture manufacturing; nevertheless, with growing concernon the future supply of wood resources, it becomes significant for researchers to gain a betterunderstanding of wood machining process nowadays. Currently, Meranti (Shorea Leprosula) woodbecomes more popular as an important raw material in Malaysia furniture and wooden toolsmanufacturing industry due to unique properties of Meranti such as excellent light red woodtexture and color like high quality hardwoods. In addition, Meranti wood can be generally obtainedfrom Meranti tree plants which are mostly found in Southeast Asian countries. Consequently, inorder to improve the productivity of using Meranti wood for  furniture manufacturing industry,

International Journal of Information, Engineering & Technology

Volume 11, Issue 2, PP 105-113, ISSN: 2360-9194, December, 2020
Double Blind Peer Reviewed International Research Journal
garcjournalssubmit@gmail.com
Journal Series: Global Academic Research Consortium  (garc)

Abstract: Problem statement: In wood machining operation, the quality of surface finished is an
important requirement for many turned work pieces. Thus, the choice of optimized cutting
parameters is very important for controlling the required surface quality. Approach: The focus of
present experimental study is to optimize the cutting parameters using a single performance
measure which is the surface roughness. Optimal cutting parameters for the surface roughness
measure were obtained employing Taguchi techniques. The orthogonal array, signal to noise ratio
and analysis of variance were employed to study the performance characteristics in turning
operation.Results:The experimental results showed that feed rate had no effect on surface
roughness.Moreover,it was found from the experiment that the factors affecting a surface roughness
were cutting speed and depth of cut, with having tendency for reduction of roughness value at higher
depth of cut and greater cutting speed.Conclusion:Thus,it is possible to increase machine utilization
and decrease production cost in automated manufacturing environment.

Key words: Surface roughness, Taguchi parameter design, turning, Meranti wood

International Journal of Information, Engineering & Technology

garcjournalssubmit@gmail.com 105

An Investigation of the Optimal Cutting Condition in Meranti
(Shorea Leprosula) Wood in Turning Process using Taguchi

Method

Zakaria Umar1, 2* Mohammad khairol1 Mai Bukar Ngawaitu2*

1Department of Mechanical and Manufacturing Engineering, Universiti putra Malaysia, 43400serdang, Selangor Malaysia.2Ramat Polytechnic Maiduguri, P.M.B 1070, Borno state, Nigeria.Corresponding author; e-mail:zakariaumar39@yahoo.com

INTRODUCTIONIn the past few years, wood machining has often been treated as the last factor on improvingproductivity as an integrated part in furniture manufacturing; nevertheless, with growing concernon the future supply of wood resources, it becomes significant for researchers to gain a betterunderstanding of wood machining process nowadays. Currently, Meranti (Shorea Leprosula) woodbecomes more popular as an important raw material in Malaysia furniture and wooden toolsmanufacturing industry due to unique properties of Meranti such as excellent light red woodtexture and color like high quality hardwoods. In addition, Meranti wood can be generally obtainedfrom Meranti tree plants which are mostly found in Southeast Asian countries. Consequently, inorder to improve the productivity of using Meranti wood for  furniture manufacturing industry,

International Journal of Information, Engineering & Technology

Volume 11, Issue 2, PP 105-113, ISSN: 2360-9194, December, 2020
Double Blind Peer Reviewed International Research Journal
garcjournalssubmit@gmail.com
Journal Series: Global Academic Research Consortium  (garc)

Abstract: Problem statement: In wood machining operation, the quality of surface finished is an
important requirement for many turned work pieces. Thus, the choice of optimized cutting
parameters is very important for controlling the required surface quality. Approach: The focus of
present experimental study is to optimize the cutting parameters using a single performance
measure which is the surface roughness. Optimal cutting parameters for the surface roughness
measure were obtained employing Taguchi techniques. The orthogonal array, signal to noise ratio
and analysis of variance were employed to study the performance characteristics in turning
operation.Results:The experimental results showed that feed rate had no effect on surface
roughness.Moreover,it was found from the experiment that the factors affecting a surface roughness
were cutting speed and depth of cut, with having tendency for reduction of roughness value at higher
depth of cut and greater cutting speed.Conclusion:Thus,it is possible to increase machine utilization
and decrease production cost in automated manufacturing environment.

Key words: Surface roughness, Taguchi parameter design, turning, Meranti wood



International Journal of Information, Engineering & Technology

garcjournalssubmit@gmail.com 106

more understanding of  the wood machining process and its optimal cutting condition are neededto acquire high quality wood products and to reduce production time with less tooling cost and lesswaste materials.Wood machining is normally performed under very high cutting speed with the extremely sharpcutting edges. It is a predominantly abrasive process; therefore the erosion of the cutting toolmaterial is the main wear mechanism. Low wedge angles are necessary for machining massivewood which generally give a better surface quality; however, the lower the angle the higher thewear (Endler, 1999). The amount of wear generally decreases with the increase in hardness, thedecrease in grain size and the decrease in binder content of the cutting tool material. Several wearmechanisms may contribute to the overall wear of the cutting tool. Among these wear mechanismsare gross fracture or chipping, abrasion, erosion, micro fracture, chemical and electrochemicalcorrosion as well as oxidation. Corrosion can be easily removed from the cutting edge by abrasiondepending on the cutting condition e.g., moisture content, composition, etc. (Sheikh-Ahmad andBailey, 1999). Some wears could occur through tool edge chipping when wood products which havelow moisture content (dry) are machined. Tool life and tool performance in a given operationimprove considerably when the Cemented Tungsten Carbides are used in place of either highcarbon steel or high speed steels (Bailey, 1983).In general, most research has focused on primary wood production processes needed to producematerials with specific characteristics. There are many different methods to cut materials; routingprocess is often used to compare different material wear on the cutting tool. There are distinctcharacteristics in tool wear and surface roughness among different wood fiber plastic products.Differences also exist when these materials are compared to solid wood. A better understanding ofthe necessary process parameters to cut these materials will lead to the improved results withrespect to tool wear and surface roughness (Buehlmann, 2001). Researchers have attempted togain more understanding in wood machining process. The relationship between the cutting processparameters such as feed rate, cutting speed and wood machining productivity was developed (Dieiand Dornfeld, 1987). The effects of tool wear, cutting direction, spindle speed on edge chipping ofwood board using a Pinacho S90/200 lathe machine was studied. The relationship of work piecequality, tool wear and machining conditions was also verified with the empirical monitoring indices(Rodkwan, 2000).Taguchi and Analysis Of Variance (ANOVA) can conveniently optimize the cutting parameters withseveral experimental runs well designed. Taguchi parameter design can optimize the performancecharacteristics through the settings of design parameters and reduce the sensitivity of the systemperformance to source of variation (Berger and Maurer, 2002; Ryan, 2000). On the other hand,Analysis Of Variance ANOVA used to identify the most significant variables and interaction effects(Henderson, 2006; Ryan, 2000).The mechanics of machining was investigated for other materials, besides metals and wood, suchas elastomers were also performed (Rodkwan and Strenkowski, 2002, 2003). In their research, theeffects of various machining parameters on chip morphology, surface roughness and the associatedmachining force were examined using the orthogonal cutting test of elastomers. The feed rate andcutting speed were found to have significant effect on the type of chips generated during orthogonalcutting (Rodkwan, 2002).The objective of this work is to investigate the effect of various machining parameters such asspindle speed, feed rate, and depth of cut on product quality through machining process on amanual lathe machine PinachoS-90/200 Model. Additionally, optimal cutting conditions on Merantiwood machining are determined using a statistical procedure.
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MATERIALS AND METHODS

Experimental procedures and conditions: In this study, Meranti (Shorea Leprosula) wood of 2inch diameter and 2-3 feet long for each of the sample which 9 samples are used as work materialfor experimentation using a lathe turning machine. The density at 13.82% moisture content is710kg/m3.High speed steel Plansee Tizit Model DGGT Grade H10T with 6.0% carbon was usedthroughout the experiment as the cutting tool. All tests were performed dry.Cutting speed, feed rate and depth of cut were selected as the machining parameters to analyzetheir effect on surface roughness. A total of 9 experiments based on Taguchi’s L9 (34) orthogonalarray were carried out with different combinations of the levels of the input parameters. Amongthem, the settings of cutting speed include 950, 1150 and 1400 rpm; those of feed rate include 0.05,0.1, 0.15 mm/rev; the depth of cut is set at 0.5, 1.0 and 1.5 mm. Experimental planning wasprepared by using cutting parameters and test conditions that were advised for a couple of tool-work piece by tool manufacturers and the information available in the literature. A schematicdiagram of the experimental set-up is shown in Figure 1.
WORK PIECE SAMPLE

Meranti wood 3 inch diameter 8 feet
long.  9 SAMPLES according to Taguchi

L9 experiment

TOOL MATERIAL

High speed steel Plansee Tizit Model DCGT
Grade H10T with co.6.0%

Experimental set-up: using lathe
machine. MODEL: Pinacho S- 90/2oo
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The amount of standard surface roughness parameter (Arithmetic average deviation from the meanline Ra) is carried out using surface roughness tester model Mahr S2 Perthometer (produced byMahr GMbH, Germany). Three measurements for work piece surface roughness were made andaveraged for each test. This set-up was connected to computer using necessary hardware andsoftware for data acquisition.Taguchi method is being applied in to select the control factors levels (Cutting speed, Feed rate anddepth of cut) that minimize the effect of noise factors on the response (surface roughness) and tocome up with the optimal surface roughness value.The goal of the experimental work was to investigate the effect of cutting parameters on surfaceroughness and to establish a correlation between them to determine which one has the most effecton the surface roughness. Experiment were planned according to Taguchi’s L9(34 ) orthogonalarray, which has 9 rows corresponding to the number of test with 3 columns at three levels, asshown in Table 1.The factors and interactions are assigned to the columns.Table 1: Orthogonal array L9 (34 ) of Taguchi

It means a total of 9 experimental numbers must be conducted using the combination of levels foreach independent factor (cutting speed (A), feed rate (B), and depth of cut (C)),as shown in Table1.The orthogonal array is chosen due to its capability to check the interaction among factors.The procedure for these test were to measure each work piece surface roughness and transformedinto a Signal to Noise (S/N) ratio.There are three categories of quality characteristic in the analysis of the S/N ratio, (i) the-lower-the-better, (ii) the-higher-the-better and (iii) the-nominal-the- better. Regardless of the category of

Figure 3 Methodology Flow chart.
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the quality characteristic, process parameter settings with the highest S/N ratio always yield theoptimum quality with minimum variance. The category the-lower-the-better was used to calculatethe S/N ratio for both quality characteristics surface roughness and work piece surfacetemperature, according to the equation:

In addition, a statistical Analysis Of Variance (ANOVA) is performed to see which processparameters are significantly affecting the responses (surface roughness, Ra).
RESULTSThe measured values of surface roughness for the machined surfaces corresponding to all theexperimental runs are given in Table 2.

Signal to noise ratio: Analysis of the influence of each control factor (S, F and D) on the surfaceroughness (Ra average) has been performed with a so-called signal to noise ratio response table.Response table of S/N ratio for surface roughness are shown in Table 3.It show the S/N ratio ateach level of control factor and how it is changed when settings of each control factor are changedfrom one level to other.The influence of each control factor can be more clearly presented with response graph. Responsegraph for the control factors are shown in figure 2,the slope of the line which connects between thelevels can be clearly show the power of the influence of each control factor.
Table 2.Experimental result for Ra (average) from three different readings

S F D Ra1 Ra2 Ra3 Ra Average950 0.05 0.5 1.657 1.012 1.464 1.377667950 0.1 1 1.26 1.284 1.227 1.257950 0.15 1.5 1.249 1.261 1.294 1.2681150 0.05 1 1.378 1.359 1.362 1.3663331150 0.1 1.5 0.902 0.903 0.998 0.934333
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1150 0.15 0.5 1.1789 1.179 1.148 1.1686331400 0.05 1.5 0.808 0.85 0.883 0.8471400 0.1 0.5 1.006 1.063 1.482 1.1836671400 0.15 1 1.171 1.244 1.858 1.424333
S: Cutting speed; F: Feed rate; D: Depth of cut: Ra average; Average experimental surface roughness

Table 3: Response table for S/N ratio (smaller is better) for RaLevel S F D1 -2.27732 -1.35056 -1.867012 -1.15825 -0.95378 -2.590023 -1.03150 -2.16273 -0.01003Delta 1.24583 1.20895 2.57999Rank 2 3 1
Analysis of variance ANOVA: The experimental results were analyzed with analysis of variance(ANOVA) using one-way ANOVA analysis, which is used for identify each individual factorssignificantly affecting the performance measures. The results of ANOVA with Signal to noise ratioare shown in Table 4, 5 and 6 respectively. This analysis was carried out for significance level of α =0.05, i.e. for a confidence level of 95%.
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Analysis of variance ANOVA: The experimental results were analyzed with analysis of variance(ANOVA) using one-way ANOVA analysis, which is used for identify each individual factorssignificantly affecting the performance measures. The results of ANOVA with Signal to noise ratioare shown in Table 4, 5 and 6 respectively. This analysis was carried out for significance level of α =0.05, i.e. for a confidence level of 95%.
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Figure 2. Main effect plot for S/N ratio for surface roughness (Ra)
Table 4: One-way ANOVA: Signal to noise ratio versus SSource DF SS MS F P-valueS 2 2.82 1.41 0.52 0.621Error 6 16.36 2.73Total 8 19.18S= 1.651 R-Sq = 14.70% R-Sq (adj) = 0.00%
Table 5: One –way ANOVA: Signal to noise ratio versus FSource DF SS F PF 2 2.28 1.14 0.40Error 6 16.91 2.82 0.684Total 8 19.18S=1.679 R=Sq=11.88% R-Sq(adj)=0.00%
Table 6:One-way ANOVA: Signal to noise ratio versus DSource DF SS MS F PD 2 10.68 5.31 3.73 0.089Error 6 8.56Total 8 19.18S=1.194 R-Sq=55.40% R-Sq(adj)=40.53

DISCUSSIONIt can be seen from table 3 and according to the rank value for each control factor that the depth ofcut had the strongest influence on surface roughness followed by cutting speed and last by feedrate.From the main effects plot for S/N ratio for surface roughness Figure 2, the surface roughnessappear to be an almost linear increasing function of depth of cut (D) and decreasing function ofcutting speed (S).Thus, in order to reduce the level of surface roughness, depth of cut (D) should beset at its highest level (1.5mm) and the cutting speed (S) as well to its highest level (1400rpm) too.Also, high level (0.15rev/mm) or low level (0.05rev/mm) of feed rate (F), may be preferred, whilethe effect of F has not been found statistically significant (p-value= 0.40).From Table 4, 5, and 6, analysis of variance ANOVA for surface roughness. It can be found thatdepth of cut has the slightest significant cutting parameters for affecting surface roughness. Thechange of the feed rate in Table 2 has an insignificant effect on surface roughness.
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Therefore, based on the S/N ratio and ANOVA analysis, the optimal cutting parameters for surfaceroughness are the depth of cut at level 3, the cutting speed at level 3 and feed rate at level 2.
CONCLUSIONThis study discussed an application of the Taguchi method for optimizing the cutting parameters inturning operations using single performance measure which is the surface roughness (Ra). Fromthis study, the following conclusions could be reached with a fair amount of confidence: Regardlessof the category of the quality characteristic, the-lower-the better for surface roughness the lowestfeed rate (F = 0.05 mm rev? 1), the highest cutting speed (S = 1400 rpm) and highest depth of cut (D= 1.5 mm) lead to optimal surface roughness value. Finally the experimental results show thatbetter surface quality in Meranti wood can be achieved by controlling the cutting parameters forbetter optimization.
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1. INTRODUCTION:Rice (Oryza Sativa) is one of the leading crops in the world. In 2010, the global riceproduction was 696 million tons. More than 90% of the world’s rice is grown andconsumed in Asia by 60% of the world’s population on about 11% of the world cultivatedland (FAO, 2010).Rice, like barely and oat, is harvested as a covered grain, which is called rough rice (alsoreferred to as paddy).Rough rice, consists of a white, starchy endosperms surrounded bytightly and having bran and germ within a hull. The hull surrounds, but is not bound to thegrain and constitutes about 20-25% of the rough rice mass (Champagne,2004: Delcour andHoseney, 2010).
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Abstract: Rice is a staple food accepted as the most important cereals in the world. But before it is
consumed, it will undergo different stages of processing to remove the hull, bran and germ from the
rough rice kernel which is either parboiled or not. This paper review and analyzes the effects of
parboiling on different varieties of rice from different countries. The results show a significant
improvement from the new methods in used now. For all the varieties study/experiment conducted
shows soaking and steaming affected the physico-chemical properties while steaming completely
gelatinized the rice starch during parboiling process. Parboiling reduced the breakage, fat, protein
and amylose content of the rice while cooking time, water uptake and thiamine content were
increased. This paper suggested an improved method without wasting too much soaking time and
temperature during the process. It can therefore be inferred that parboiling which has been the
means of processing rice can be a way of improving vitamin content and milling properties of rice
and should attract the interest of food technologist and food processing industries to keep on
improving in order to produce good quality parboiled rice that meets consumer need and
satisfaction.
Key words: Paddy, Oryza sativa japonica, Oryza sativa indica.
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Several investigation has shown that about 20% of the rice produced worldwide isparboiled, i.e. “partially boiled”. This three step hydrothermal treatment involves; soaking,heating and drying of rice and is performed either on rough or on brown rice. Parboilinghas a considerable impact on the texture and nutritional characteristics of cooked rice. Inparticular, cooked parboiled rice is firmer, less sticky and more nutritious than its cookedraw counterpart.It is also generally assumed that parboiling increase HRY.Parboiled ricehas a darker color than raw rice and slightly different flavor (Bhattacharya, 2004; Delcourand Hoseney, 2010).
2. REVIEW OF PREVIOUS METHOD/TECHNOLOGY.

Raghavendra. (1970) effect of parboiling on some physicochemical properties of rice:The experiment was conducted using seven varieties of rough rice and selection rangingfrom 2 to 27% of brown-rice amylose content was used to study the effect of parboiling ongrain properties. They used samples of IR8,Acc.9800,Palawan,PI215936,Century Patna231XSLO17,IR35-23-2,and IR253-16-1-2 rough rice which was obtained from theexperimental farm in the institute(International Rice Research Institute,LosBanos,Laguna,Philippines).The experiment were conducted in a laboratory using differentmethod to ascertain both the physical and chemical properties. The rice varied in age(storage time at 200c since harvesting) from 0.1 to 11 months at the time of parboilingwhile 2 to 3kg was soaked in water about 50c below the gelatinization temperature for 6 to7 hours, drained, steamed for 14 minutes in an autoclave. They conducted the physical teston mean length and width of 20 kernels of rough, Brown, and milled rice were determined,while the hardness of brown rice was estimated from 10 Kernels using Kiya-type hardnesstester (Vidal and Juliano, 1967).
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Another hardness test consisted of disintegrating 10 Kernels of brown rice in Wig-L-Bugamalgamator for 40 seconds for determining the percentage by weight that passed throughan 80-mesh sieve. They used Little. (1958) to determine the Alkali test on whole milledrice, while the cooking time was determined by the method of Ranghino (1966) after therice has being milled. Batcher (1956) method was used for the cooking test for just 10minutes. Pre-soaking minimized the difference in cooking time between raw and parboiledsamples. Selection of raw and parboiled samples were prepared and stained according toDel Rosario (1968) method, while the brown rice was analyze for crude protein(Nx5.95).parboiled and raw rough rice were stored for 8 months in a sealed bin at anambient temperature and bimonthly samples were drawn, dehulled, milled and tested foramylograph and cooking time valuesThe results of the experiment show that many physical properties of rice kernel werealtered by parboiling treatment while the 100 kernel weight of the rice did not change.Three varieties including the waxy IR253 selection, has essentially the same dimensions for
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both raw and parboiled. They agree that parboiling resulted in interesting changes in theamylograph curve of rice pastes. The changes in amylograph characteristics of the ricesamples on parboiling may be partly ascribed to their difference in amylose content. Theyopined that aside from the loss of viability of rice, parboiling affected the physical morethan the chemical properties of the grain. They recommended that various aspect ofparboiling and aging requires further study to resolve conflicting results and to determinethe cause or causes of the observed reduction in solubility of starch and protein.
Hiromichi. (1983) effect of parboiling on texture and flavor components of cooked rice:The experiment was conducted using samples of Nakateshinsembon variety of rice (oryzasativa L. Japonica) and Bluebonnet variety of rice (oryza sativa L.indica) harvested inHiroshima prefecture, Japan, and that of Koshihikari variety of rice (oryza sativa L.japonica) harvested in Niigata prefecture, Japan, were used. An experiment process linewas used for parboiling of these samples. The samples were soaked in water for 500c underatmospheric pressure for 170min and steamed at 1150c under 0.5kg/cm2 for 15min.Afterthe aerated at 450c for 7min until the moisture content had decrease to 29%,the steamedrice was dried in two steps; that is first at 500c for 10 hours to a 20% moisture content andsecond at 300c for 10 hours up to 15% moisture content, while the milling yield was 91-92% of the brown-rice samples for each samples using the test mill model TM05.other rawand parboiled brown-rice samples were milled with a satake two-in-one pass ricewhitening and caking machine.They discovered that the milled parboiled thus obtained had a pale amber and transparentappearance which indicated that it had been completely parboiled….while the milled ricesamples were stored at 40c in polyethylene film bags. Other parameters consider were thephysical measurement using the method of Tsugita (1983),extractability of protein by amodification of the percolation system described by Cagampang (1966), crude lipid wastreated according to the method of Lee and Mattick(1964)to obtain the free fatty acidfraction. Fat by hydrolysis was extracted using Yasumatsu and Moritaka (1964) methodusing 20kg of milled flour rice with diethyl ether and petroleum ether successively for30hours using a soxlet apparatus to obtained the unbound lipid fraction. Other parametersused include; Lipid Bound to Protein, Free Phenolic Acids, and Headspace Volatiles ofcooked Rice, Steamed-Distilled Volatile concentrate of milled rice, GC and GC-MS Analysis.The results obtained by the their experiment shows that the milled parboiled brown-ricesamples of Nakateshinsembon showed a significantly smaller expanded volume and water-uptake than the milled unparboiled rice.While similar results have been reported by Raghavendra Rao and Juliano (1970) with theuse of rough rice samples of indica rice. Cooked parboiled rice had a harder, more cohesive,and less sticky texture than cooked, unparboiled rice in the case of both Nakateshinsembonand Bluebonnet. Cooked parboiled and unparboiled Bluebonnet rice showed greaterhardness and cohesiveness and less stickiness than in the case of Nakateshinsembon.Also similar experiment was conducted by Okabe (1979) reported “texturogram” showingthe relationship between the textural characteristics of cooked rice and acceptability, asjudge by a trained panel of Japanese. According to Okabe (1979) cooked, unparboiledNakateshinsembon rice was evaluated as being excellent for Japanese, and cooked
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parboiled Nakateshinsembon rice was slightly poor but acceptable, and further bothcooked, parboiled and unparboiled Bluebonnet rice were evaluated as being unacceptablefor Japanese, though the latter was preferable to the former. These objective evaluationsindicate the acceptability of parboiled japonica rice and the unacceptability of parboiledindica rice for Japanese.These results also agree with the actual sensory evaluation by members of the laboratoryteam for respective cooked rice.
Otegbayo. (2001) effect of parboiling on physico-chemical Qualities of Two Local rice
Varieties in Nigeria: The experiment was conducted using two varieties of local rice inpaddy form. The samples were collected from local farmers at Okemesi Ekiti in Ekiti stateof Nigeria (western Nigeria) The rice samples were the type of varieties consumed inNigeria (Oryza glabarrima steud), but is known to the locals as Offanda (white variety) andAlaso-osun (Brown variety).The rice varieties were stored for 180 days afterharvesting.25kg of each of the local varieties in paddy were divided while half wasparboiled. Cleaned paddy were soaked in water at room temperature (below thegelatinization temperature of rice to minimize the splitting of the grains), to hydrate thegrains in a steeping tank for 5-8hours.parboiling was done in the laboratory by thepressure parboiling method of Iengar (1980),in this method the paddy rice was notsaturated with water but briefly exposed to steam under high pressure using autoclave togelatinize the starch for 15minutes at 15 p.s.i.g. pressure(1210c).the parboiled paddy ricewas then tempered for 30min to cool and air-dried in a cabinet dryer at 450c for8hours.both the raw and the parboiled rice samples were milled in a grantex mill.The results from the study shows that parboiling as a means of rice processing affects boththe physical and the chemical properties of the grain, it improves milling and cookingqualities of the rice grains in a positive manner which has been found to influenceconsumers demand and acceptability. The increase in thiamine content of the parboiledrice can also serve as an effective means of improving the thiamine intake in people’s dietthereby enhancing their nutritional status. They opined that parboiling which has been themeans of processing rice in Nigeria can be a way of improving vitamin content and millingproperties of rice and should attract the interest of food technologist and food processorsto develop the rice industry because the two rice varieties used in the experiment showshigh content of protein between 6.86-8.75%, this therefore means that the rice could be amajor source of protein and diet for Nigerians if consumption is adequate.
Bhattacharya. (1966) effect of processing conditions on Quality of parboiled Rice: Theexperiment was conducted using two varieties of rice in India popularly known to thelocals as Bagara sanna(BS)and Ratna Chudi(RC) in semi parboiled paddy(rough rice).Onlywhole grains handpicked from the well mixed and cleaned samples were used for thisexperiment. The parameters obtained throughout the methods includes; coking quality ofrice, cooking of rice in water and color of rice. However the results obtained shows thatsoaking above 600c affected the quality of rice, it shows that the greater the severity of heattreatment during soaking and steaming the lower the water uptake and the darker thecolor of rice. When it was soaked above 700c and above it will have a relatively effect on thecolor, while steaming above 600c will have effect on the processing conditions on quality.it



International Journal of Information, Engineering & Technology

garcjournalssubmit@gmail.com 119

was observed that beside nonenzymatic browning, the husk pigment and the bran alsoappeared to contribute to the color of parboiling rice. Parboiled rice specification wasdetermined from the characteristics of its reflectance.They opined that the cooking quality and color of rice were affected by the severity of heat-treatment during soaking and steaming. Quick cooling after parboiling may be the mostimportant factor in industrial-scale operations. They discovered two factors which are thechief contributors to the quality of parboiled rice; the first being the discoloration duringparboiling which is due to nonenzymatic browning of the maillard type inhibited bybisulfie, while the other factor is the husk pigment which also contribute by diffusing intothe endosperm or by being absorbed on splitting of the grain during soaking.Previous studies conducted were conducted on different varieties of rice. Roberts. (1954)studied the effect of certain conditions on the color, expanded volume, and soluble starchcontent of parboiled rice.Quarat (1962) observed certain dimensional changes in the grainafter parboiling and alterations in its starch grannules.Kurien (1964) noted similar grain-dimension changes and studied the effect of steaming on the cooking of quality of the rice.A more comprehensive investigation covering wide processing conditions was desirable
3. REVIEW OF CURRENT METHOD/TECHNOLOGY

Graham. (2015) effect of soaking and steaming Regimes on the quality of Artisanal
parboiled Rice: The experiment was conducted using an improved high yielding aromaticupland variety of rice in Benin Republic. The sample used was grown in August-December2012 planting season by the Africa Rice Center (Africa Rice) in Lokossa (Kinwedji) in Benin.The sample was dried to a moisture content of 13% before use. A CRCD of the experimentwas set up using Statgraphics centurion XVII software(Standpoint Technologiesinc;Warrenton VA)with two factors(K=2) namely IST(30-900c)and STM(5-20min).Fourteentreatment combination  (table 1) were performed on the sample. The responses measuredwere water absorption during parboiling (WAP), milling (brown rice, total milled rice andhead rice) recoveries, appearance (chalkiness and color), cooking properties (cooking time,water uptake, volume expansion, texture (hardness and stickiness) of food grains andpasting properties (PV, Tr, BD, FV and SB).They agree that parboiling, a hydrothermal behavior has been identified as a key methodused to improve the quality and effectiveness of locally produced rice. The process ofparboiling seals internal fissures in the rice grain initiating in higher HRY during milling(Manful. 2009). Milled parboiled rice has also been reported to have lower glycemicindices, higher resistant starch content and higher contents of B vitamins than milled non-parboiled rice (Jenkins. (1988). Luh and Mickus (1991); Newton.( 2011); Odenigbo.( 2013).In addition to the improved milling and nutritional properties, parboiled rice has also beentouted with a set of unique cooking, flavor and textural characteristics that are appealing tocertain groups of consumers.An extra of specific methods exist for producing parboiled rice, however, the centralprocesses remain the same and comprise soaking paddy rice in water for a number ofhours until kernels are fully hydrated, draining the water, steaming the rice, drying and
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milling. Although the exact processes of most commercial parboiling units in developedcountries are commercial secrets (Bhattacharya.1985), it is generally known that paddy issoaked at a constant temperature between 60 and 650c up to 3 hours and pressuresteamed for up to 20 min (Manful. 2009). The equipment and procedures used forparboiling in industrial plants have been standardized to give consistently high- qualityparboiled rice.In many sub-Saharan African (SSA) countries, artisanal methods of parboiling using diverserudimentary equipment and procedures are the mainstays. In artisanal parboiling, alloperations are carried out under atmospheric pressure. The paddy is soaked in water withinitial temperatures ranging from ambient to over 900c and allowed to cool for up to 16hours until the grains are fully hydrated before steaming. Steaming techniques employed inartisanal parboiling include the use of steel drums with a false bottom on which the paddyis directly steamed or the paddy is put in a jute bag before being placed on sticks in thesteaming container (Behrens and Heinemann (2007); Fofana. (2011)). The importance ofproper pre-processing steps such as paddy cleaning is being addressed while several newparboiling vessels and stoves are also being developed and tested (Houssou and Amonsou(2004); Houssou (2005); Ndindeng. (2015). Variations in parboiling processes have beennoted to produce rice with different characteristics Oli. (2014).The experimental results show that Artisanal parboiling can be successfully applied toimprove the quality of rice particularly the milling recoveries and appearance especially ifthe quality of the starting paddy is poor. However, treatment combinations (IST and STM)ought to be carefully chosen in order to achieve the desired effect. Varying parboilingtreatments alter other physico- chemical properties of rice such as cooking properties,cooked rice texture, pasting properties and nutritional com- position of rice. This could beexploited to produce rice with cooking properties and texture that meet demands of targetconsumers. Given the effects on pasting properties, parboiling could also be optimized toalter the functional properties of rice in food formulations. Artisanal parboiled rice withgood HRY and uniform translucent appearance can be produced when soaked at initialtemperatures beyond 800C, cooled to ambient temperature and steamed for 15–20 min.TABLE1. Treatment Combinations Generated From Response Surface Central RotatableComposite Design. IST STMTreatment Coded unit Uncoded unit(0 C) Coded unit Uncodedunit(min)1 0 60.0 0 12.52 -1 30.6 -1 5.03 +1 90.0 -1 5.04 0 60.0 0 12.55 -1 30.0 +1 20.06 +1 90.0 +1 20.07 0 60.0 0 12.5
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8 0 60.0 0 12.59 0 60.0 +1.414 23.110 -1.414 17.6 0 12.511 0 60.0 0 12.512 +1.414 100.0 0 12.513 0 60.0 -1.414 1.914 0 60.0 0 12.5
Chijioke. (2015) effect of steaming on physical and Thermal properties of parboiled
Rice: The experiment was conducted using Samples of five improved rice paddy varieties(FARO 44, FARO 52, FARO 60, FARO 61) used in this study were harvested in December,2012 by the Breeding Unit of Rice Research Program, National Cereal Research Institute(NCRI) Badeggi Niger State, Nigeria and one local variety (Bisalayi) also harvested in thesame period was obtained from Crop Improvement Unit of Kano State Agriculture andRural Development Agency (KNARDA). They were packed in nylon jute bags andtransported in February, 2013 to Bioresource Engineering Department, McGill Universityof Montreal, Canada and stored at room temperature. Prior to experiments, theunparboiled paddy samples were taken out, thoroughly cleaned and flawed grainsremoved. The moisture contents of the samples were determined by the fixed air-ovenmethod drying at 120oC for 24 h in duplicates and found to be 0.0713 + 0.0023 g/g d.b.Their experiment include; studying the effect of steaming time on physical properties(translucency, hardness, lightness, and color intensity)of parboiled rice, evaluation effect onsteaming time on thermal properties(degree of gelatinization)of parboiled rice varietiesand determine the optimum steaming condition required to obtained optimum quality ofparboiled rice. The main purpose of this process is to pre-gelatinize the starch granules,transforming the crystalline structure of the starch into an amorphous one.Previous studies shows that starch gelatinization imparts additional hardness to the ricegrains and allows them to withstand harsher milling (Rao & Juliano, 1970; Bhattacharya,1985; Islam, 2002) It is reported that parboiled rice also has better organoleptic properties,retains more nutrients and cooks better than non-parboiled rice (Rao & Juliano,(1970);Sareepuang .(2008); Lamberts.( 2008). In generally, parboiling process consists of threestages namely: soaking of paddy to saturation moisture content (SMC), steam heattreatment of the soaked paddy to partially gelatinize the rice starch, thereby eliminatingwhite portions and cementing crack developed in rice during harvesting and/or threshingand finally drying the steamed product to moisture content adequate for milling. Parboilingbrings about modifications in rice during which vitamins and minerals are transferred fromthe aleurone and germ into the starchy endosperm. These transformations areaccompanied by reduction in white portion, and give milled rice more translucentappearance (Juliano and Bechtel, 1985). A common problem with parboiling, especially byemploying high temperature and pressure and longer processing time, is darkening of thegrain (Bhattacharya, 1995). Also, steaming operation, which bring about the gelatinizationof starch, requires a lot of energy to produce steam for the process, it is therefore necessaryto establish optimum processing conditions required to obtain better qualities of thefinished product while saving energy and time. Marshall. (1993) studied the relationship
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between percentage of gelatinization and head yield (the primary parameter used toquantify rice milling quality given by the ratio of weight of rice grains that are three-quarters intact to the total weight of milled parboiled rice) of parboiled rice (Cooper andSiebenmorgen, 2005).They reported that maximum head rice yield could be achieved when the rice starch is 40%gelatinized during parboiling of paddy and that extensive parboiling or extensive starchgelatinization is not required to obtain maximum head rice yields.The results obtained from the different processes including the grain kernel translucencywhich was determined by adopting the method of Marshall. (1993) with slightmodification. The hardness of 25 unfissured whole brown rice kernels was measured usinga compression method (Introns 4502, Canton MA, USA). The average bio-yield point value(Mohsenin, 1980) of the 25 measurements was expressed as the hardness in newton’s (N).Brown rice kernels were put on the base plate and the bio-yield point value measured inflat position (Islam. 2001). A 500 N load cell, a probe of 3.84 mm diameter and 5 mm/mincompression rate were used. The probe was set to travel a distance of 2.25mm into thesample. For the lightness value a  spectrophotometer (CM – 3500d, Minolta Co., Ltd., Japan)was used to measure the lightness and saturation of the color intensity value of the wholekernel milled rice utilizing the L*a*b* uniform color space procedure. The thermal(gelatinization) properties were determined with a Differential Scanning Calorimeter (DSCQ100, TA instruments, Wilmington, DE USA). Heat flow and temperature calibrations of theDSC were performed using pure indium with heat of fusion and a melting temperature of28.41 J/g and 156.66oC respectively.The instrument was coupled with refrigerated cooling system. Nitrogen was used as apurge gas at a flow rate of 50 ml/min. Raw and parboiled rice were de-husked using anelectric compact rice de- husker (TR 200, Kett Electric Laboratory, Tokyo) and polishedusing a test polisher (Pearlest, Kett Electric Laboratory, Tokyo). Rice flour was thenprepared by grinding samples of the polished rice using a coffee grinder (SUMEET MultiGrind, India) and passed through 0.075 mm sieve (Fisher brand test sieve, Fisher scientificco., USA). This ratio accounts for more than 60% moisture, corresponding to the moisturecontent required for rice gelatinization and to obtain a single endotherm during DSCexperiment (Billiaderis.1986). The pans were hermetically sealed with TA sample crimpingdevice. The sealed samples were stored at room temperature for one hour to stabilizebefore thermal scanning. The pans were placed in the sample cells of the DSC while anempty pan was sealed and placed in the reference cell of the DSC. The data of the effect ofdependent variables (steaming time and variety) on the dependent variables (percentageof translucency, hardness, lightness, gelatinization temperature and gelatinizationenthalpy) were statistically analyzed using SAS software (version 9.2), and where therewas significant effect, means were separated using the Duncan’s multiple range test(P<0.05) The findings from this study show that steaming time significantly affects physicaland thermal properties of parboiled rice.The improved rice varieties used in this study show better hardness than the local varietywhich might be due to the difference in the structural arrangement of starch granulesamong rice varieties in addition to varying extent of bonding between gelatinized starch
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and ruptured protein bodies. Hardness of rice was found to increase with steamingduration and ranged from 59.45 – 113.65 N, 79.39 – 158.17 N, 77.24 – 136.70 N, 73.59 –136.65 N, and 73.14 – 126.20 N for Bisalayi, FARO 61, FARO 60, FARO 52 and FARO 44,respectively.The optimum grain hardness was achieved at 20 min of steaming for Bisalayi and FARO 44while for FARO 61, FARO 60 and FARO 52 it was attained at 15 min. Bisalayi (local variety)was found to be more discolored more than the FARO (improved) varieties. Lightness valuedecreased with increase in steaming period with values of 78.34 – 58.98 , 71.27 – 58.67 ,73.85 – 59.06 , 70.21 – 57.00 and 69.75 – 58.67 for Bisalayi, FARO 61, FARO 60, FARO 52and FARO 44 respectively, corresponding to 0 – 20 min of steaming. The varietal differencein color change observed as observed could be due to a more rapid nonenzymaticbrowning of the Maillard reaction in the Bisalayi than in the FARO varieties in addition togenetic make-up among cultivars. Steaming completely gelatinized rice starch in samples,thus, there was no residual enthalpy of gelatinization after steaming of paddy.Table 1: Gelatinization properties of non-parboiled paddy rice from Nigeria__________________________________________________________________Parameters                                                         variety_______________________________________________________Bisalayi            FARO 61            FARO 60          FARO 52               FARO 44_____________________________________________________________________________TooC                  72.78±0.38a 73.90±0.18a 73.16±0.08a 64.24±0.16b 64.37±0.82bTP,oC 76.61±0.16a 77.03±0.08a 76.07±0.06a 68.79±0.28b 75.26±0.47bTc,-0C                83.78±1.03a 82.55±0.85a 80.98±0.08a 77.70±10.0b 75.26±0.47b∆H, J/g             5.76±1.49a 3.62±0.65ab 3.15±0.37b 1.55±0.74b 2.35±0.08bMeans with the same superscript along the lines are not significantly different at P < 0.05 To, Tp, and Tc is onset, peak and conclusiongelatinization temperatures, respectively; ∆H is the gelatinization enthalpy
They opined that steaming time significantly affected both physical and thermal propertiesof the selected varieties of parboiled rice from Nigeria. The improved rice varieties used inthis study show better hardness than the local variety which might be due to the differencein the structural arrangement of starch granules among rice varieties in addition to varyingextent of bonding between gelatinized starch and ruptured protein bodies. Hardness of ricewas found to increase with steaming duration and ranged from 59.45 – 113.65 N, 79.39 –158.17 N, 77.24 – 136.70 N, 73.59 – 136.65 N, and 73.14 – 126.20 N for Bisalayi, FARO 61,FARO 60, FARO 52 and FARO 44, respectively. The optimum grain hardness was achievedat 20 min of steaming for Bisalayi and FARO 44 while for FARO 61, FARO 60 and FARO 52 itwas attained at 15 min Bisalayi (local variety) was found to be more discolored more thanthe FARO (improved) varieties. Lightness value decreased with increase in steamingperiod. Steaming completely gelatinized rice starch in samples, thus, there was no residualenthalpy of gelatinization after steaming of paddy.
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4. PROPOSAL/SUGGESTIONBecause of the inconsistence in the results of different method carried out on different ricevarieties in many countries. Parboiling still remained and still in used in improving millingquality of rice. Several Authors and researches agreed on their findings that parboiling hassignificant effect on the physical as well as the chemical properties of rice. The mainfindings of this review paper detect that difference in soaking temperature and steamingtime is responsible for giving out conflicting results. This review paper agreed with thelatest research conducted by Ebrahim et al(2015)whose research work provide the mostsuitable soaking temperature of 650c and 4 min steaming time which gave the highest valueof head rice yield, lightness and rupture force. This treatment was found to provide themost desirable quality of parboiled rice. The paper also suggested that futureResearch/studies should focus and pay more attention to the difference in soakingtemperature and steaming time to improve the quality of rice.
5. CONCLUSIONIt is evident that Parboiling still remained the alternative process of improving the qualityof rice by increasing its vitamin content, amylose content, and thiamine content. Thephysical properties are more affected by parboiling than the chemical properties. Howeverit is very important for researchers and food processing industries to look deep into theissues suggested by this paper.
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Evaluation of Rainwater Harvesting Potentials for One
Thousand (1000) Housing Estate in Maiduguri, Nigeria
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INTRODUCTIONThe water supply systems and drinking water inaccessibility in the developing countries is a global concernwhich calls for immediate action. Providing quality drinking water to all citizens of the world who aredeprived access to water will serve as the breaking point of poverty alleviation in most developing countriesespecially in Nigeria, where substantial amount of national budgets are used to treat preventable water bornediseases (Cobbina et al., 2013). The main source of water is precipitation in form of rain and when it rains,only a fraction of the water percolates, while the major part of the rainfall drains out as run-off and goesunused, finally into the ocean (Sivanappan, 2006). Among the various alternative technologies to augmentfreshwater resources, rainwater harvesting is a decentralized, environmentally sound solution, which canavoid many environmental problems, associated with centralized, conventional, large-scale projectapproaches (Akoto et al., 211). Rainwater harvesting is often overlooked by planners; engineers and buildersbecause of lack of information; both technically and otherwise (Despins et al., 2009).  Rainwater is the purestform of naturally occurring water. It is considered to be produced by a form of natural distillation. However, it
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Abstract: Access to potable water (quantity and quality) is inadequate worldwide. In this study rainwater
harvest as source of water supply in a selected housing estate (1000-housing estate) in Maiduguri, Nigeria was
evaluated. Types of flats in the estate were identified and were counted. Average number of person per flat was
obtained. Water demand of 120 l per capita per day (WHO standard) was used to compute water demand per
each bedroom flat. Rainfall data were collected (1979-2013) from Nigerian meteorological agency (NIMET).
The effective surface area of various flat (1-bedroom 2-bedrooms, 3-bedrooms and 4-bedrooms) were
calculated using standard method. Water yield per flats were calculated using rainfall intensity and effective
surface area (Rational method). The water yields (Rain harvest) per flats were used in design, collection
transportation and storage facilities for the flats. The study revealed that the total flats in 1000-housing estate
was 1000 housing unit consist of 120 1-bedroom flats, 680 2-bedroom flats, 110 3-bedroom flats and 90 4-
bedroom flats. Averages of person per flats were 3, 5, 8 and 10 for 1-bedroom 2-bedrooms, 3-bedrooms and 4-
bedrooms respectively. Annual rainfall in Maiduguri was found to be between 64.92 mm and 2869.03 mm with
an average of 693.21mm.  Effective surface areas for various flats were 72 m2. 132 m2, 233 m2 and 287 m2 for 1,
2, 3 and 4-bedroom flats respectively. Rainwater harvest or yield for 1, 2, 3, and 4-bedroom flats were 43 m3/yr,
78 m3/yr, 131 m3/yr and 169 m3/yr respectively. Government support by incorporating rainwater harvesting in
building code, will help in reducing the cost and create enabling environment for the adoption of the
technology.
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contains dissolved gases such as carbon dioxide, sulphur dioxide, nitrogen dioxide, ammonia, fine particulatematerials or aerosols from the atmosphere that mix with it after formation (Nsi, 2007).Rainwater harvesting is the capture, diversion, and storage of rainwater for a number of different purposesincluding landscape irrigation, drinking and domestic use, aquifer recharge, and storm water abatement.Rainwater harvesting has been used throughout history as a water conservation measure, particularly inregions where other water resources are scarce or difficult to access (Khan, 2012). Rainwater harvesting, inits broadest sense, is a technology used for collecting and storing rainwater for human use from rooftops,land surfaces or rock catchments using simple techniques such as jars and pots as well as engineeredtechniques (Dakua, 2013). The scope, method, technologies, system complexity, purpose, and end users varyfrom rain barrels for garden irrigation in urban areas, to large-scale collection of rainwater for all domesticuses. Rainwater is valued for its purity and softness, it has a nearly neutral pH, and is free from disinfectionby-products, salts, minerals, and other natural and fabricated contaminants (Tabassum, 2013). Thecomponents of rainwater harvesting system differ between developed and developing countries, a typicalrainwater harvesting system comprises of three basic elements: the catchment surface, the conveyancesystem; the storage and distribution systems (Morey et al., 2016). The catchment surfaces are commonlyroofs, although runoff form precipitation (rainfall) can also be collected from other impermeable areas, suchas roads, car parks and pavements (Fewke, 2006). The material of the catchment area affects the rainwaterquality and quantity. After collection, rainwater goes through the conveyance system consists of gutters orpipes that deliver rainwater falling on the rooftop to storage vessels (Lee et al., 2002). Both drain pipes androof surfaces should be constructed of chemically inert materials such as wood, plastic, aluminum, or fiberglass, in order to avoid adverse effects on water quality.Governments typically do not include rainwater utilization in their water management policies, as extensivedevelopment of rainwater harvesting systems may reduce the income of public water systems. Rainwaterharvesting systems are often not part of the building code and lack clear guidelines for users and developersto follow. In Maiduguri, rainwater harvesting is still at its primitive stage, as ground water is the main sourceof water supply system. Over exploitation of groundwater in the city with the increasing demand of water andnatural absence of surface water has necessitated the need to consider new water source for future. The cityis characterized with seasonal flood due to poor drainage systems and indescrimate dumping of refuse. Thecity also experience serious soil erosion due to the loose nature of the soil, and there was no any attempt tocreate a mitigation measures through harvesting and conserving the precipitation endowment receivedannually. To address the problem of flood, soil erosion and water scarcity, rainwater harvesting has beenthought as one of the potential alternatives, where significant portion of water demand during rainy seasoncould be met from the rainwater that would also reduce the pressure on vended water and city water supply.The aim of this research is to evaluate the potentials of rainwater-harvesting system for 1000 housing estateusing available rainfall data in Maiduguri.
MATERIALS AND METHOD
Study AreaMaiduguri serves as a gateway to the Sahel region of West Africa. The city is the capital of Borno state locatedin North-Eastern Nigeria between latitude 110 5” – 110 55” N and longititude 130 02” -130 16” E. It lies on a vastopen plain which is flat with gentle undulations at an average elevation of 345m above sea level. Maidugurihas a total land area of 187.13km2, with build-up area of 102.62Km2, undeveloped area of 78.19Km2, Baresurface of 5.87Km2 and water body of 0.4Km2. Trading is the major occupation of the inhabitants with fewagrarian practices. Maiduguri is estimated to have a population of about 1,197,497 in 2009 (NPC, 2006). Morethan 80% of this population depends on groundwater resources, with per capita water consumption of 10-40litres of water per day (UN, 1988). The vegetation of the study area is Sahel Savannah. According to Hess et al.(1996), the climate of Maiduguri is semi-arid with three distinct seasons, cool-dry season (October to March),hot season (April to June) and a rainy season (July to September).  The annual rainfall ranges from 560 to600mm. The cold (harmattan) season runs from November to March when temperatures fall to about 20°Cand a dry dusty wind blows from the Sahara desert (Jaekel, 1984).  The area is fragile and highly susceptibleto drought with average relative humidity of 13% in dry seasons and 65% in rainy seasons. The one thousand
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(1000) housing estate (1 bedroom 2 bedrooms, 3 bedrooms and 4 bedrooms) was built in 2014 to reduce theproblem of accommodation in the city and currently, the estate water supply system is inadequate.
MethodologyThe 1000-housing estate was identified and selected at the out skirt of Maiduguri, Nigeria. Types of flats inthe estate were identified and counted. Average number of person per flat was obtained. Rainfall data werecollected (1979-2013) from Nigerian meteorological agency (NIMET). Effective surface area of various flat (1bedroom 2 bedrooms, 3 bedrooms and 4 bedrooms) were calculated using standard method. Water yields perflat were calculated using annual mean rainfall and effective surface area (as recommended by rationalmethod). The water yields (annual mean rainfall and effective surface area) from 1-bedroom, 2-bedrooms, 3-bedrooms and 4-bedrooms flats were used in the design, collection, transportation and storage facilities foreach of these flats.
Design Calculations
Water demandThe average daily water demand per household was calculated using 120l/day/capita (WHO, 2004) as statedin Equation 1.The daily water demand per household = Number of person/ house x Water demand/person (1)1. Water demand per household for 1-bedroom flatAverage number of person per house for 1-bedroom flat = 3Water demand per household = 3 x 120= 360 l/day/householdWater demand per household/year for 1-bedroom flat = 360 x 365= 131400 l/yr/ household= 131.4 m3/yr/household2. Water demand per household for 2-bedroom flatsAverage number of person per house for 2-bedroom flats = 5Water demand per household = 5 x 120= 600l/day/householdWater demand per household/year = 365 x 600= 219000 l/yr/ household= 219 m3/yr/household3. Water demand per household for 3-bedroom flatsAverage number of person per house for 3-bedroom flats = 8Water demand per household = 8 x 120= 960 l/day/householdWater demand per household/year = 365 x 960= 350400 l/yr/ household= 350.4 m3/yr/household4. Water demand per household for 4-bedroom flatsAverage number of person per house for 4-bedroom flats = 10Water demand per household = 10 x 120= 1200 l/day/householdWater demand per household/year = 365 x 1200= 438000 l/yr/ household= 438 m3 /yr/household
Effective roof catchment area (A)The effective roof catchment area (A) was calculated in accordance with BS EN 12056-3 (2000) using  thehorizontal span slope, height of roof pitch  (Roof pitch of 30º) and the length of the roof as stated in Equation2.

)( 2
HWLA +×= (BS EN 120563: 2000) (2)Where, A = effective roof catchment areaW = Horizontal span slope
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H = Height of the roof pitchL = Length of the roof1. Effective roof catchment area (A) for 1-bedroom flat using Equation 2
213.36)

2

5.1
5.3(15.8 mA =+×=Total effective roof catchment (A) = 36.13 x 2= 72.26 m22. Effective roof catchment area (A) for 2-bedroom flats using Equation 2

266)
2

2
5.4(12 mA =+=Total effective roof catchment (A) = 66 x 2=132m23. Effective roof catchment area (A) for 3-bedroom flats using Equation 2

238.111)
2

5.2
5.5(5.16 mA =+=Total effective roof catchment (A) = 111.38 x 2= 222.76m24. Effective roof catchment area (A) for 4-bedroom flat using Equation 2

238.143)
2

3
5.6(5.18 mA =+=Total effective roof catchment (A) = 143.38 x 2 = 286.76m2

Gutter and downpipe sizeThe factorized effective catchment area of the  gutter and downpipe were calculated in accordance with BSEN 12056-3 (2000) using rainfall intensity (I) = 150 mm/hr, roof pitch of 30º as presented in Table 1 & 2 andeffective catchment area (A) as stated in Equation 3.Factorized effective catchment area   = A x 1.5 x 1.2 (3)1. The gutter and downpipe sizes for 1-bedroom flat using Equation 3Factorized effective catchment area = 72.25 x1.5 x1.2= 130 m2External gutter cross-sectional area = 100 mm2x 130= 13 000 mm2= 125 mm (3/4 round) Table 3Vertical downpipe cross-sectional area = 50 mm2 x 130= 6 500 mm2Downpipe diameter = 100 mm (Table 3)Horizontal downpipe cross-sectional area = 100 mm2 x 130= 13 000 mm2Downpipe diameter = 125 mm (Table 3)2. The gutter and downpipe sizes for 2-bedroom flat using Equation 3Factorized effective catchment area = 132 x1.5 x1.2= 238 m2External gutter cross-sectional area = 100 mm2 x 238= 23 800 mm2= 150 mm (Table 3)Vertical downpipe cross-sectional area = 50 mm2 x 238= 11 900 mm2Downpipe diameter = 125 mm (Table 4)Horizontal downpipe cross-sectional area = 100 mm2 x 238= 23 800 mm2Downpipe diameter = 150mm (Table 3)3. The gutter and downpipe sizes for 3-bedroom flat using Equation 3Factorized effective catchment area = 223 x1.5 x1.2= 401 m2External gutter cross-sectional area = 100 mm2 x 401
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= 40 100 mm2= 175 mm (Table 3)Vertical downpipe cross-sectional area = 50 mm2 x 401= 20 050 mm2Downpipe diameter = 150 mm (Table 3)Horizontal downpipe cross-sectional area = 100 mm2 x 401= 40 100 mm2Downpipe diameter = 175 mm (Table 4)4. The gutter and downpipe sizes for 4-bedroom flat using Equation 3Factorized effective catchment area = 287 x1.5 x1.2= 512 m2External gutter cross-sectional area = 100 mm2 x 512= 51 200 mm2= 200 mm (Table 4)Vertical downpipe cross-sectional area = 50 mm2 x 512= 25 600 mm2Downpipe diameter = 175 mm (Table 4)Horizontal downpipe cross-sectional area = 100 mm2 x 512= 51 200 mm2Downpipe diameter = 200 mm (Table 4)Table 1: Rainfall Intensity FactorRainfall Factor80 mm/hr multiply by a factor 0.8100 mm/hrmultiply by a factor 1.0150 mm/hr multiply by a factor 1.5200 mm/hr multiply by a factor 2.0Rainfall intensity>100mm/hr the catchment area must be factorised to allow for the increased rainfallTable 2: Roof Pitch FactorPitches Factor10˚ – 25˚ multiply by a factor 1.125˚ – 35˚ multiply by a factor 1.235˚ – 45˚ multiply by a factor 1.345˚ – 55˚ multiply by a factor 1.4Roof pitches >10˚ the catchment area must be increased to allow for the increased rate of run-off.Table 3: Standard Gutter and DownpipesStandard gutter (mm2 ) Standard downpipes (mm2)125mm     1/4 round 5,000                65mm 3,318125mm x 75mm rectangular 9,375 80mm 5,027175mm x 125mm rectangular 21,875              100mm 7,854300mm x 125mm rectangular 37,500              125mm 12,272
Water yield (harvested rainwater)The harvested rainwater per year was calculated using rational formulae, with mean annual rainfall for 34years, effective roof catchment area for each flats and runoff coefficient as stated in Equations 4.S = R x A x C (Adopted from Lee et al., 2000) (4)Where: S = Mean harvested rainwater (m3)R = Mean annual rainfallA = Effective roof catchment areaC = Runoff coefficient1. Mean harvested rainwater (S) for 1-bedroom flat using Equation 4S = 0.693 x 72.25 x 0.85S = 42.56 m3/yr/household
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2. Mean harvested rainwater (S) for 2-bedroom flats using Equation 4S = 0.693 x 132 x 0.85S = 77.75 m3/yr/household3. Mean harvested rainwater (S) for 3-bedroom flats using equation 4S = 0.693 x 222.75 x 0.85S = 131.2 m3/yr/household4. Mean harvested rainwater (S) for 4-bedrooms flats using equation 4S = 0.693 x 286.75 x 0.85S = 168.9 m3/yr/household
Storage tankThe sizes (diameter and height) of the storage tank for each flats was calculated using one-twelfths of thevolume of harvested rainwater using the Equation 5 and 6

h
D

V
4

2
= (5)

h

V
D


2= (6)Where; Vr = Volume of harvested rainwater for each flat (m3)r = Number of bedroomsD = Diameter of tankh = Height of tank,

∏ = 3.1421. Storage tank diameter for 1-bedroom using Equation 6Where; V1 = 3.55 m3 (one-twelfths of the volume of harvested rainwater)h = 1.5 m (assumed)
5.1142.3

55.3
2

x
D = = 1.74 m2. Storage tank diameter for 2-bedroom using Equation 6Where; V2 = 6.48 m3 (one-twelfths of the volume of harvested rainwater)h = 1.7 m (assumed)

7,1142.3

48.6
2

x
D = = 2.2 m3. Storage tank diameter for 3-bedroom using equation 6Where; V3 = 11m3 (one-twelfths of the volume of harvested rainwater)h = 1.8 m (assumed)

8.1142.3

11
2

x
D = = 2.82 m4. Storage tank diameter for 4-bedroom using equation 6Where; V4 = 14.08 m3 (one-twelfths of the volume of harvested rainwater)h = 2 m (assumed)

2.2142.3

08.14
2

x
D = = 2.99 m

RESULTS AND DISUSSION
Number of Flats in the 1000-Housing EstateThe 1000-housing estate is located at the out skirt of the city, along Maiduguri–Kano road and was fullyoccupied with majority civil servant because of government institutions along the road. The study revealedthat the total number of flats in 1000-housing estate were 1000 housing units, which consist of 120, 680, 110and 90 for 1-bedroom flat, 2-bedroom flats, 3-bedroom flats and 4-bedroom flats respectively. The 1-bedroom flat is for non-family members and newly married family members. The 2- bedroom flats, whichaccount for 680 bedroom flats are for an average civil servant (between grade levels 8-12). The 3- bedroomflats and 4- bedroom flats for the executives, which has an alternative house in their institutions.
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Number of People and Water Demand per Flats in the 1000-Housing EstateThe average numbers of person per flats were 3, 5, 8 and 10 for 1-bedroom, 2-bedrooms, 3- bedrooms and 4-bedrooms respectively. The computed water demand per flats per year were 129.6 m3, 219 m3, 350.4 m3 and438 m3 for 1, 2, 3, and 4-bedroom flats respectively, using water  demand of 120 l per capita per day (WHO,2004) as presented in table 5. The people living in 1-bedroom flat’s are mostly non family members andnewly married couples, while for 2-bedroom flats are single family members with 2-4 children. The 3-bedroom and 4-bedroom flats are occupied by family members with 2-3 wives and children. The variations inwater demand per flats per year was dependent on the size of the family, the water for 2-bedroom is twicethat of 4-bedroom. The water demand of 120 l per capita per day was adopted in order to achieve wateravailability and good hygiene.
Water Yield (harvested rainwater)The harvested rainwater was calculated using mean annual rainfall, effective roof catchment area androughness coefficient of the catchment surface as presented in Table 4.  The effective roof catchment area of72.25 m2, 132 m2, .222.75 m2 and 286.75 m2 was calculated for 1-bedroom, 2-bedroom, and 3-bedroom and4-bedroom flats respectively. The run off coefficient of 0.85 was adopted and the mean annual rainfall of693.21mm was obtained from 35 years rainfall data. The harvested rainwater for each bedroom flats were42.56m3, 77.75m3, 131.2m3 and 168.9m3 for 1-bedroom, 2-bedroom, 3-bedroom and 4-bedroom flatsrespectively as presented in Table 4. The mean rainwater harvested for 1-bedroom, 2-bedroom, 3-bedroomand 4-bedroom flats were able to canter for 33%, 36%, 37 and 39% water demand respectively for ahousehold per year. This will reduce the cost spent on vended water during the rainy season.
Table 4: Design Parameters of Rainwater Harvesting System1BR 2BR 3BR              4BRWater demand (m3/h/year) 131 219 350 438Rainwater (m3/year) 43 78 131 169Roof catchment area (m2) 72 132 22 287Percentage HRW to WD (%) 33 36 37 39
Design of Rainwater FacilitiesThe design of rainwater harvesting facilities was carried out in accordance with BS EN-3 was used toobtained gutter cross-sectional area, gutter diameter, vertical downpipe cross-sectional area, verticaldownpipe diameter, horizontal downpipe cross-sectional area, horizontal downpipe diameter and storagetank diameter and height as presented in Table 5. The gutter diameters for 1-bedroom, 2-bedroom, 3-bedroom and 4-bedroom flats are 125 mm, 150 mm, 175 mm and 2000 mm respectively. The verticaldownpipe diameters are 100 mm, 125 mm, 150 mm and 175 mm for 1-bedroom, 2-bedroom, 3-bedroom and4-bedroom flats respectively. While the horizontal downpipe diameters were the same with the gutterdiameters for each bedroom flats. The storage tank diameters are 1.75 m, 2.2 m, 2.82 m and 2.99 m for 1-bedroom, 2-bedroom, 3-bedroom and 4-bedroom flats respectively. To ensure good quality of the harvestedrainwater, the tanks were air tight, screened and collection of water from the tanks were either throughpumping or taps fitted to the tanks. Maintenance of the household roof catchment systems was limited toregular cleaning of the tanks, inspection of the gutters and downpipes, including removal of dirt accumulatedon the screen. Cleaning of the roof catchment surface was done by opening the first flush valves to wash theroof and allow the dirty water to flow out during the first major downpour.
Table 5: Rainwater Harvesting System Facilities1BR 2BR 3BR 4BRGutter cross sectional area (mm2) 13 000 23 800 40 100 51 200Gutter diameter (mm) 125 150 175 200Horizontal downpipe area (mm2) 13 000 23 800 40 1001 51 200Horizontal downpipe diameter (mm) 125 150 175 200Vertical downpipe area (mm2) 6 500 11 900 20 050 25 600Vertical downpipe diameter (mm) 100 125 150 175



International Journal of Information, Engineering & Technology

garcjournalssubmit@gmail.com 134

Storage tank diameter (m) 1.75 2.2 2.82 2.99Storage tank (m) 1.5 1.7 1.8 2
Estimated Cost for 1- bedroom FlatsThe cost of design facilities for 1-bedroom flat was estimated using present market price, the facilitiesincludes gutter (PVC), PVC pipe, valve, T-joint, Elbow-joint, Stop cock, PVC filter, Storage tank as presented inTable 6. The initial total cost for the rainwater harvesting system was N165, 178.00. Harvesting technologyseems capital intensive, but operating costs are negligible.
Table 6: Cost Analysis for Rainwater Harvesting System
Material                  Quantity Unit cost AmountGutter (PVC)                4 3200 12 800PVC pipe 2 2300 4600Valve                            2 250 500T-joint 2 300 600Elbow-joint 2 300 600Stop cock 2 230 460PVC filter 1 2500Storage tank 1 105, 000Labour and misc. 38, 118
Total cost 165,178

CONCLUSIONThe study revealed that Maiduguri rainfall has seven months raining period with April, May, June and Octoberhave less than 50mm in a year. The mean rainwater harvested for one, two, three and four bedroom was ableto canter for 33%, 36%, 37 and 39% water demand respectively for a household in a year. The advocacy forits adoption will reduces water-shortage or water related diseases and improve standard of living of thepeople. Government support by incorporating rainwater harvesting in building code, will help in reducing thecost and create enabling environment for the adoption of the technology.
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