COST AND ENERGY MODEL FOR FIBER-TO-THE-SCHOOL
NETWORK

SHARMAAKE ADEN ABDI

A project report submitted in partial fulfilment of the
requirements for the award of the degree of

Master of (Electronic and Telecommunication)

School of Electrical Engineering
Faculty of Engineering

Universiti Teknologi Malaysia

FEBRUARY 2022



DEDICATION

This thesis is dedicated to my father, who taught me that the best kind of
knowledge to have is that which is learned for its own sake. It is also dedicated to my
mother, who taught me that even the largest task can be accomplished if it is done
one step at a time.

Vi



ACKNOWLEDGEMENT

First and foremost, praise and thanks to the God, the Almighty, for His showers

of blessings throughout my work to complete the project successfully.

In preparing this thesis, | was in contact with many people, researchers,
academicians, and practitioners. They have contributed towards my understanding and
thoughts. In particular, 1 wish to express my sincere appreciation to my thesis
supervisor Dr. Arnidza binti Ramli, for encouragement, guidance, critics and
friendship. | am also very thankful to Professor Dr Zainal Salam and Associate Prof.
Ir. Dr. Nadiatulhuda Binti Zulkifli and Dr. Muhammad Al Farabi bin Muhammad Igbal
for their guidance, advices and motivation. Without their continued support and

interest, this thesis would not have been the same as presented here.

| am also indebted to Universiti Teknologi Malaysia (UTM) for the continued
support and innumerable guidance towards all procedures for a successful completion

of the Masters programme.

My fellow postgraduate student should also be recognised for their support.
My sincere appreciation also extends to all my colleagues and others who have
provided assistance at various occasions. Their views and tips are useful indeed.
Unfortunately, it is not possible to list all of them in this limited space. | am grateful

to all my family member.

Vi



ABSTRACT

The growing demand for broadband access drives the evolution of access
networks to fiber-based solutions. School Wi-Fi that is reliable, fast, and secure will
empower teachers to maximize their use of the internet in the classroom. As part of its
Malaysian Education Blueprint 2013-2025, the Ministry of Education has taken
another initiative in order to provide an effective learning experience for Malaysian
students. The program aims to give every Malaysian public-school access to high-
speed Internet access and a virtual learning environment (VLE). Energy consumption
is becoming more important in schools as their network infrastructure expands, not
only from an environmental standpoint but also from a capital expenditure perspective.
This project proposes an efficient cost and energy model for FTTS. In this study, the
focus is on exploring methods for reducing the power consumption and cost
expenditure of a fiber-to-the-school access network, in order to reduce the network's
footprints and encourage green networking. The energy consumption and cost of an
optical access network was modelled using MATLAB software. The developed model
was used to evaluate the cost and energy efficiency. Based on the results, an energy
and cost-effective solution for fiber-to-the-School access networks were proposed. It
has been observed that FTTS Scenario 1 has the least initial capital expenditure when
compared to Scenario 2 and 3. In energy consumption, it is been discovered on FTTS
through scenario two (Active state) with energy-saving approach when there is traffic

across the network will save approximately 34 %.
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ABSTRAK

Permintaan yang semakin meningkat untuk akses jalur lebar memacu evolusi
rangkaian capaian kepada penyelesaian berasaskan gentian. Wi-Fi sekolah yang boleh
dipercayai, pantas dan selamat akan memperkasakan guru untuk memaksimumkan
penggunaan internet mereka di dalam bilik darjah. Sebagai sebahagian daripada Pelan
Pembangunan Pendidikan Malaysia 2013-2025, Kementerian Pendidikan telah
mengambil satu lagi inisiatif untuk menyediakan pengalaman pembelajaran yang
berkesan untuk pelajar Malaysia. Program ini bertujuan untuk memberi setiap sekolah
awam Malaysia akses kepada akses Internet berkelajuan tinggi dan persekitaran
pembelajaran maya (VLE). Penggunaan tenaga menjadi lebih penting di sekolah
apabila infrastruktur rangkaian mereka berkembang, bukan sahaja dari sudut alam
sekitar tetapi juga dari perspektif perbelanjaan modal. Projek ini mencadangkan model
kos dan tenaga yang cekap untuk FTTS. Dalam kajian ini, tumpuan adalah untuk
meneroka kaedah untuk mengurangkan penggunaan kuasa dan perbelanjaan kos
rangkaian akses gentian ke sekolah, untuk mengurangkan jejak rangkaian dan
menggalakkan rangkaian hijau. Penggunaan tenaga dan kos rangkaian capaian optik
telah dimodelkan menggunakan perisiin MATLAB. Model yang dibangunkan telah
digunakan untuk menilai kecekapan kos dan tenaga. Berdasarkan keputusan,
penyelesaian tenaga dan kos efektif untuk rangkaian akses fiber-to-the-School telah
dicadangkan. Telah diperhatikan bahawa Senario FTTS 1 mempunyai perbelanjaan
modal permulaan yang paling sedikit jika dibandingkan dengan Senario 2 dan 3.
Dalam penggunaan tenaga, ia ditemui pada FTTS melalui senario dua (keadaan aktif)
dengan pendekatan penjimatan tenaga apabila terdapat trafik merentasi rangkaian akan

menjimatkan kira-kira 34%.



TABLE OF CONTENTS

TITLE

DECLARATION
DEDICATION
ACKNOWLEDGEMENT
ABSTRACT

ABSTRAK

TABLE OF CONTENTS
LIST OF TABLES

LIST OF FIGURES

LIST OF ABBREVIATIONS
LIST OF SYMBOLS
LIST OF APPENDICES

CHAPTER1
11
1.2
1.3
1.4
15
1.6
1.7
1.8

CHAPTER 2
2.1
2.2
2.3
2.4
2.5

INTRODUCTION
Project Background
Problem Statement
Research Objectives
Research Questions
Scope of the study
Significance of the study
Project Plan

Thesis Outline

LITERATURE REVIEW

Introduction

Optical Fiber Communication System
Integrated Optical-Wireless Access Network
Hybrid Architecture

FTTx access networks

PAGE

Vi
Vil

viii

Xiii
Xiv
XVi
XVii

XViii

o o1 o WOW N

o

11
14
15



2.6
2.7
2.8

2.9

CHAPTERS3
3.1
3.2
3.3

3.4
3.5

3.6
3.7

CHAPTER 4
4.1
4.2
4.3
4.4

4.5

Passive Optical Network

PON technologies

Related Work on modeling the cost expenditure and
energy consumption

Summary

RESEARCH METHODOLOGY

Introduction

Research Methodology

Design Overview of Fiber-To-The-School Access
Network

Cost Model for Fiber-to-the-school Network

Energy consumption Model Fiber-to-the School
Network

351

3.5.2

3.5.3

Energy consumption model without energy
saving approach — 24 hours

Energy consumption model with energy saving
approach — 24 hours

Consumption model with energy saving
approach (Idle state)

Simulation Tools

Summary

INTRODUCTION

Results and discussion

Fiber-to-the-school Cost Analysis

Fiber-to-the-school Outside plant

Energy consumption Model

44.1

4.4.2

4.4.3

4.4.4

Consumption model without energy Saving
approach

Consumption model with energy saving
approach

Consumption model in (Idle State) with energy
saving approach

Impact of Idle state with different scenarios 20
%, 50% and 70%

Summary

Xi

18
20

25
34

35
35
35

37
40

44

45

45

46
47
48

49
49
49
50
o4

56

S7

59

60
65



CHAPTERS CONCLUSION AND FUTURE WORKS 66

5.1 Introduction 66
5.2 Conclusion 66
5.3 Future works 67
REFERENCES 68
Appendices A -J 73-81

Xii



TABLE NO.
Table 1.2
Table 2.1

Table 2.2
Table 2.3
Table 2.4

Table 3.1
Table 4.1
Table 4.2
Table 4.3

Table 4.4
Table 4.5
Table 4.6

LIST OF TABLES

TITLE
Gantt Chart

Characteristics of different optical access technologies [11]

Date-rate variations for downstream and upstream BPON.
Comparison Table of xPON standards [19]

Summary of the Literature Review on Related research
Works

Bandw dth requirements for end-user services (Mbps) [36]
Simulation parameters drop cable
Cost of Fibre-to-the-school

Consumption model without energy parameters [34,35,39]

Consumption model with energy parameters [34,35]
Consumption model with energy parameters [34,35]

Consumption model with energy parameters [34,35]

Xiii

PAGE

12
21
23

31
47
50
52

56
58
59
61



FIGURE NO.

Figure 2.1
Figure 2.2
Figure 2.3
Figure 2.4

Figure 2.5
Figure 2.6
Figure 2.7
Figure 2.8
Figure 2.9
Figure 3.1
Figure 3.2
Figure 3.3
Figure 3.4
Figure 3.5
Figure 4.1
Figure 4.2
Figure 4.3
Figure 4.4
Figure 4.5
Figure 4.6
Figure 4.7
Figure 4.8

Figure 4.9

Figure 4.10

LIST OF FIGURES

TITLE
An Optical Fiber Communication System
Integrated Optical-Wireless Access Network [13]
Independent and Hybrid Architecture [2]

Reference Model for the fiber access network defined by
ITU-T [5]

Broadband access networks based on FTTx technology [5]
Block diagram of PON [17]

PON Standards [17]

The PON Evolution [20].

Block Diagram of PON [22]

Overall project work flow

1x8 level 2 splitter in FTTS [30]

FTTS Optical Access Network Architecture

ONT and Router Access Network Architecture
Power consumption of ONU, AP and WR

Optical Network Unit

Cost of drop cable

Cost of ONU, WR and Subscription Cost
Percentage cost of FTTS

Network architecture

Consumption model without energy saving approach
Consumption model with energy saving approach

Consumption model (Idle State) with energy saving 24
hours

Consumption model (Idle State) with energy saving 16
hours

FTTS Power Consumption model with different scenarios

Xiv

PAGE

13
15

16
16
19
20
23
25
36
38
39
40
44
50
51
52
53
55
56
58

59

60
61



Figure 4.11
Figure 4.12
Figure 4.13

Comparison of different saving power in 1.6 hours
Comparison of different saving power in 4 hours

Comparison of different saving power in 5.6 hours

62
63
64



CO
PON
NG
OLT
ONT
ONU
UTM
BER
EPON
GPON
FTTH
FTTS
QoS
AP
WR
LTE
BS
Wi-MAX
LAN
LED
WAP
P2P
IOWA
MAC
RoF
EN
ODN
DSLAM

LIST OF ABBREVIATIONS

Central Office

Passive Optical Networks
Next-Generation

Optical line termination

Optical Network Terminal
Optical network unit

Universiti Teknologi Malaysia
Bit error rate

Ethernet passive optical network
Gigabit Passive Optical Network
Fiber to the home

Fiber to the School

Quality of service

Access Point

Wireless Router

Long Term Evolution

Base Station

Worldwide Interoperability for Microwave Access
Local Area Network

Light Emitting Diode

Wireless Application Protocol
Point-to-Point fibers

Integrated Optical Wireless Access
Media Access Control

Radio over Fibre

Edge-node

Optical distribution network

Digital subscriber line access multiplexer



CgNU

NONU
EONU&AP

Pa
CONU
14

NONU
orad
Ca
Chn
Lgﬂ

PONU

LIST OF SYMBOLS

Cost of Optical Network Unit equipment per unit
Total number of ONUs

Total cost ONU's and Access Point installation
Price of AM (Access Modules)

Cost of ONU installation per unit

Number new ON

Cost of AP installation per unit and number new APs.
Costs of drop plant

Cost optical fiber/m

Length of new cable in drop plant per meter
Power consumption of ONU

Power consumption of fiber-to-the-school
Power consumption of access point

Number of access points

Power consumption of Wireless router

Number of wireless routers



LIST OF APPENDICES

APPENDIX TITLE PAGE
Appendix A Cost of Fibre-to-the-school 73
Appendix B FTTSchool Power consumption 73
Appendix C Total Power consumption 73
Appendix D Comparing different saving powers over a period of 1.6 hr 74
Appendix E  Comparing different saving powers over a period of 4 hr 75
Appendix F Comparing different saving powers over a period of 5.6 hr 75
Appendix G Cost of Wireless Routers 76
Appendix H Cost of fiber per meter 79
Appendix |  Cost of ONU 79
Appendix J  Power consumption of ONU 81

Xviii



CHAPTER 1

INTRODUCTION

1.1  Project Background

In recent years, cost and energy consumption have become important
efficiency metrics for communication networks. There is an increasing demand for
energy services to facilitate economic and social development, improve health, and
enhance living conditions. All countries need energy services to provide essential
services (communications, lighting, mobility, etc.) and to strengthen production
activities. According to estimates, the rate of growth of ICTs is about 6 to 9% per year
of global electricity consumption (the share could grow to 20% in 2030 with the

world's carbon footprint estimated at 2.7%) [1].

Network architecture is composed of three major segments: backbone/core,
metro, and regional networks, and access networks. The metro segment connects the
two major access networks and core. In the optical network system, the access network
connects the Central Office (CO) to end-users and therefore represents the final
segment of the link. This network carries varying amounts of data traffic, and this
amount of traffic is increasing every day. Consequently, modern network architectures
require mechanisms that address the challenges associated with large volumes of
traffic. The transport plane has developed differently in each segment of the network
(core, metro, access). Combining optical and wireless networks offers a good option
for addressing this challenge since they complement each other in terms of high

capacity and device mobility [2].

Passive Optical Networks (PONSs) have gained a lot of interest from academics
because they're a great way to get low-cost broadband. Optical technology's large
capacity seems to be a good option for transmitting large amounts of data. The
extension of network access and the augmentation of the data rate network, however,

are likely to result in an increase in power consumption. Modern transmission



networks have increased power usage from 0.4 percent to 1% of global consumption

[2]

As oil prices rise and people become more aware of climate change, energy
conservation will become a more critical aspect to consider when comparing the
operational costs and carbon footprint of various NG-PON2 technologies [3]. Optical
access systems can be broadly used in access networks in the future because they give
high bandwidth and good quality of service (QoS). The use of wireless technology in
the endmost section of the access network is becoming increasingly relevant as aresult
of consumer demand for mobility. As a result, it is becoming increasingly necessary

to integrate optical and wireless networks [4].

1.2 Problem State ment

Developing interest in fast-speed internet is the essential driver for the new
access technologies which empower encountering genuine broadband. It drives
telecom administrators to truly consider the high-volume carry-out of optical-fiber-
based access networks. The increasing interest in fast internet drives businesses to
seriously consider the roll-out of optical-fiber-based access networks. It is the

fundamental driver of new accesstechnologies that facilitate accessing true broadband

[5]

The access networks are becoming a bottleneck when it comes to data transfer
capacity. Optical access technology will be generally used on access networks in the
future as it offers big bandwidth and good quality of service (QoS). Mobility is
additionally a significant client interest; consequently, it is getting more important for
utilizing wireless networks in the last section of the access network. Subsequently, the
integration of optical and wireless networks is getting more significant.
Simultaneously, there is a developing interest in lessening the energy utilization and

the related expense of the access network.

However, since access networks are the largest contributor to network-related

electricity usage, network power consumption requires special attention. In recent



years, energy and cost usage has become a major efficiency measure for
communication systems. Because of the need to increase processing speed, bandwidth
consumption, and transmission rate, this is the case. The concurrently rising cost of
electrical energy could result in unacceptably high energy budgets for
telecommunications companies, as well as a significant negative effect on

environmental sustainability.

The main goal of this study is to look at methods to assess Fiber-to-the-school
(FTTS) initial investment. Meanwhile, to find a way for energy conservation in Fiber-
to-the-school optical access networks so, that costs and power usage can be minimized
effectively. As a result, energy efficiency has emerged as an important factor for
service and network providers to consider, due to the operating costs associated with
energy consumption as well as increased knowledge of global warming and climate

change [6].

1.3  Research Objectives

I. ~ Tomodel the cost and energy of the Fiber-to-the-school network.

ii. To propose an energy-saving approach for FTTS to reduce energy
consumption.

lii. To analyze the cost associated with FTTS and compare the energy

consumption of FTTS with and without an energy-saving mechanism.

1.4  Research Questions

I What are the different types of PON (Passive Optical Networks)?
il How does the increasing traffic affect FTTS cost and energy consumption?
iii How to reduce Cost and Energy for FTTS Optical-Wireless Access Network?



15

Scope ofthe study

The scope of this study is as indicated below:

Determining the network function that relates to the required Fibre-to-the-
school PON

First, to study, analyse and design fibre-to-the-school aerial Passive Optical
Network (FTTS PON) system specification and basic elements which are
Optical Network Terminal (ONT/ONU) whereby it is connected to the fibre
distribution point according to the project architecture, while, Access Point
(AP) and three Wireless Router (WR) components are located at the end-user
location. All transmission in a PON-based FTTH is performed between an
Optical Line Terminal (OLT) and optical network units (ONUS).

Cost modelling for FTTS integrated optical network.

To model Fiber-to-the-school passive optical network initial cost investment,
an analytical model was used in terms of FTTS capital expenditure of an

optical-wireless access network.

Energy consumption modelling for FTTS integrated optical network.

Using MATLAB software simulation, the efficiency of the aerial Fibre-to-the-
school optical access network was investigated, to propose an energy-saving
approach to reduce power consumption. Evaluation of network performance in
terms of power consumption with various scenarios will be used to compare

energy performance with and without anenergy-saving approach



1.6  Significance of the study

As internet usage is increasing day after day it is resulting in an increase in capital
expenditure of optical access networks this model would also propose a cost-cutting

strategy.

To propose a reference model for the research of cost expenditure and power
consumption in fiber-to-the-school architecture. In this project, we proposed a simple
cost and power consumption modeling as well asa possible approach for the optimized
fiber-to-the-school Passive Optical Network to minimize power consumption and

provide a more energy-efficient network.

Meanwhile, carbon emissions contribute to the greenhouse effect, which is caused
by power machines burning fossil fuels and results in global warming, the atmosphere
is a significant factor in human life. As a result, the harmful environmental and public

health impacts of an interconnected access network are decreased.

1.7  ProjectPlan

Project planning is performed by allocating tasks to be performed within the given
period of time. Careful planning is important to ensure the perfect execution of this
project and to meet the requirement. A Gantt map has been drawn that consists of many

milestone events and project tasks to distribute the time in the right way.



Table 1.1 Gantt Chart

Year 2021 Year 2022

— w“
()

Study Latest technologies
Development of Model (ii)

Simulation and Results (iii) (iv)
Validation (v)

.
Report submission (vii)

(1) Completion of literature review. -Synopsis.

(ii) Completion of Model - Seminar Material

(iii) Madel analysis - Proposal Presentation and Report Submission
(iv) Implementation of Model in Simulation- Interim Report

V) Validation

(vi) Seminar Material Preparation and Presentation
(vil) Thesis Report Submission

1.8 Thesis Outline

This study is composed of five chapters, which are organized as follows:

Chapter 1 discusses a brief introduction to the description and classification of
metropolitan area networks are presented, as well as some architectures of
metropolitan area networks. This article looks atmodern telecommunication networks,
optical access networks, and their infrastructure as well as their evolution. The
evolution of optical networks, project background, problem statement, research

objectives, the scope of the research, and the significance of the study are discussed.

Chapter 2 discusses the literature review on the study of this project. It will introduce
the PON optical access network and architecture related to previous researchers
published. Finally, some analytical and simulation models from the previous research
are discussed.

In Chapter 3, the project flow of this project is discussed. This chapter discusses the

methodology used in this project.



¢+ The first part proposes a cost model for a fiber-to-the-school (FTTS)
network.

%+ The second part suggests energy consumption modeling for a fiber-to-the-
school (FTTS) network.

Chapter 4, shows simulation results obtained from chapter 3 in a graphical format,
results in analysis, and discussion. The discussions are divided into FTTS related cost
expenditure analysis. And a comparison of energy consumption of fiber-to-the-school
(FTTS) network with energy-saving approach was obtained from the chapter three

methodology.

Chapter 5, provides a concise conclusion regarding how much energy could be saved
and certain mechanisms to do so. On the other hand, the second part will be discussed
future works which will recommend parts that need additional works that could be
done in the future to improve cost and energy-saving approaches. The final section

will be references that have been cited throughout this project work.
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