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ABSTRACT

One of the most significant parts of smart grids is Smart Metering System. They felicitate
the information exchange between the service providers and the consumers, resulting in

efficient management in the electricity supply.

Implementation of Smart Meter system is only possible if the people, government and the
investors are highly interested to implement this technology. Many Western countries like
Great Britain (GB) and Canada have conducted Cost Benefit Analysis (CBA) before starting
installation of Smart Meters. The aim of this study is to replace usual traditional (Prepaid

electro-mechanical and pre-paid) meters with Smart Metering System in accordance with its

cost benefit analysis. So the main focus is to put emphasis on the cost benefit analysis and
probability of this thesis work in this field of digitalizing the meter system across the country.
The most important fact to analyze before the installation of Smart Meters is to find out the
advantages of such technology as well as the cost behind the setup of such meter. For
example, the degradation of CO: emission, the installation and maintenance expenses,

financial savings from the Time-of-Use (ToU) etc.

Bangladesh is still relying on the prepaid meters whereas the modem world is trying to
implement a smarter technology rather than prepaid meters. The question that comes from
mind is that whether installing Smart Meter in our region is affordable or not. The
establishment cost of installing Smart meter may be high but in general, the roll-out offers a
1.36 benefit-to-cost ratio (BCR), which reflects the costs and benefits of lifetime. In order
to investigate this study, Chittagong Municipality Area was chosen o find out the total
consumers of this region and how can the prepaid meters be replaced with the Smart Meters
within an approximate minimal expense. From the very beginning of installing the Smart
Metering System the required costs were being calculated approximately which includes
operational cost, maintenance cost, meter cost, In-home display cost, Data Communications
Company (DCC) cost etc. The total cost of this project is set to be nearly $300.9M. The

energy savings and power consumption cost are also discussed in the later part.
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Chapter 1
INTRODUCTION

1.1 Motivation

In Smart Metering system, the billing process is seamless, the electricity usage in real time
is tracked down easily and the billing errors is reduced in a significant manner thus the
consumers can also observe it sitting at their home. It is for the very first time that consumers
are emerged as the umbilical point in power sector. The benefit of tracking the real time
usage of their electricity consumption has enabled them to save energy and possess capital
savings. In fact, more researches are taking place in order to make it easier for the consumers
to save electricity and reduce carbon emission. More analytical processes are being
generated to aid consumers to differentiate energy consumption of their own with the similar
consumers. Thus it may help the consumers to reduce their energy bills and use the energy

according to their usage.

In order to keep pace with the advance world, the effectiveness of Smart Meter is beggar
description. Smart Meter is a form of blessing in the power sector to fulfill the requirements
to reform power sector in adisciplined manner. For building a sturdy-ad smart power sector,
as well as a growing digital energy ecosystem - Smart Meter has become an essential

influence.

Smart Meter has secondary benefits too. It is not only significant in energy savings but also
day metering time is enabled by Smart Meters. It shall help to enhance renewable power
across the country . Moreover, Smart Meters omit the task of patrolling for meter reading and

reduce the carbon footprint as well.

What really became the motivation to implement this study is the variety of space Smart
Meter produces to ease the life of billions as well as bringing revolutionary changes in the
energy saving. In Smart Metering system it is not necessary to submit meter readings. The
suppliers have access to readings that Smart Meters generate automatically thus consumers
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do not have any burden to submit it monthly. The burden of standing in a queue or in the
rain olishes.

Theh associated - the _ exactly shows _ is
used [l also provides the associated cost. It encourages and motivates the consumers to use
energy at a balanced rate according to the needs of the consumers which enables energy
savings. Recent reports show that already 5-20% energy savings are stored

[, system. That shows [l Meter bears [ great I in

budgeting.

Smart Meter offers billings automatically and most importantly it provides the bill according

to consumer’s use ofgalactricity. Suppose, if a consumer is under prepaid billing system and
somehow forgets to the [ needs [l check N i< D

by I consumer over the billing period. The estimation is probably done by the suppliers on
the basis of the previous usage of the consumer or how much the consumer is intended to
use. Most often the supplier’s estimation is inappropriate. It is because they do not have vast
knowledge regarding the usage of the consumers. On the other hand, Smart Metering system
eliminates all of these inconveniences as it doesn’t produce ghost billing system and also
avoids the consumers to witness huge billing at the end of their tariff because the opportunity

is there for the consumers to map their usage of power according to their intention.

The In-home display clearly shows how much energy is used by the consumers at any given
time as well as it shows any sudden spikes that occur due to a faulty section. So it allows the
consumers to deal with the faulty section immediately and ly. From different analogy
being analyzed it is estimated that within 2030 there will be the [

[ (1.

Itis 2021 and we are moving towards a smart future where Smart Meter offers a variety of

advantages including exclusive tariff plans which ease the abnormal billings carried by the

consumers and enables the consumers with a set of choice to use at a reasonable tariff
plan. Smart Meter provides a consumer with the ability to swilcheh

I Thos the [ doesn’ ¢ [ instal| [ for this switching purpose.




According to the Power Division Ministry of Bangladesh’s website the annual report for the
fiscal year 2019-20, it has been reported that there is distribution loss near about 8.73% and
total loss about 11.23%. Here distribution losses mainly occur on contracting out meter
reading and billing, energy theft. Per day energy generation in Bangladesh is now average

12 000MW . Thus, a 6-7% power loss account for a massive loss per annum.

The impact of Smart Meter that motivated to implement the study are listed as follows-

“ Offers more detailed information to the consumers and the suppliers compared to the
recent metering system used across the country.
% Accurate meter readings are obtained.
& Alleviate energy consumption.
% Provides support to the renewable energy technologies.
% Helps to create better tariff plan comprising with electricity pricing solutions.
% Different companies that provide utilities of this metering system are aided by the
system and assist them to grow their business purpose.
This study motivated us to work on the issues stated above and encouraged us to help the
government to find a solution on this point by installing Smart Meter across the country in

order to step into smart world.




1.2 Literature review

A prepaid meter allows consumers to save electricity, thus saving money as well. For the
necessity of saving, prepaid meter was introduced. On the other hand, a Smart Meter is the
most accurate way of measuring electricity which lacks any severe inconvenience. This
study comprises with the instalment of Smart Meter in Bangladesh. Also emphasis has been
given upon the Cost Benefit Analysis on the installation of Smart Meters. Moreover, the

interferences are also being analysed in this study.

— introduce [ installation project across

the country. ENEL has installed about 32 million meters in the last decade. Eventually ENEL
started its project in 2001 named as ‘Telgestore™ [8]. For the purpose of backbone
communication PLC technology was used and for the last mile connectivity GSM was linked
up. Other developed countries were amazed and influenced with this project. Soon they

began to deploy Smart Meter projects in their own region.]

In April, 2004 the very first and biggest Smart Meter project of Canada began its journey
[2]. In spite of the introduction of this project, the Cost Benefit Analysis was not being
analy sed properly though the expenditure was high. But United Kingdom put importance on

the Cost Benefit Analysis of its Smart Meter installation project in 2008 [3].

Smart Metering system is undoubtedly one of the most emerging technologies. Canada has
installed 4.8 million Smart Meters in Ontario to make it a smarter city and it has benefited
them by providing actual consumption information and many more, decreasing the

emissions of carbon, avoided visiting sites frequently [4].

The_ is-was their [N i I

I vithin 2020. ] Smart Metering system and smart grid is capable of reducing
emission to 9%. EU countries conveyed Cost Benefit Analysis depending on the guidelines
provided by the European Commission. Similarly for gas, another assessment was carried

out on Smart Meters [5].

Commented [b1]: | think, this paragraph should come
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The Power, Energy and Mineral Resources ministry of Bangladesh stated that, they are
determined to bring the entire power consumers under prepaid metering as the generation

capacity has now reached 24 421 MW [6].

France is aiming to install 35 million Smart Meters by 2020. The project is set to be
implemented for around 30 million consumers. The approximate cost for the project is set
to be €5 billion. It should be noted that almost 80% of those meters will be built in France.
Moreover 30,000 meters have already been circulated for the pilot project. The purpose
behind this procedure is to reduce the carbon emission and to save the electricity bills

between 5 to 15% [7].

In the United States, about 49 million Smart Meters have been installed. For home area
network (HAN) PLC technology is used and for last mile connectivity with BPL, 2G/3G

cellular is used [9].

In all, it can be observed that major countries have adopted the energy saving invention
named as Smart Meter system. Thus these countries have begun their planning on installation
and optimization of this technology and to reach their desired outcomes by implementing

last long plans surrounding it.

Obviously it is not an easy task to cover the whole country under Smart Meter system as

Bangladesh is still a developing country and the research are still an ongoing process..

Moreoveritis VY uch L'u:~|.|} HS—H =__?=.'lr_ia_'L'|. and rehinble on a_'|a_'L'|.=.'iL'i|.} s vifeab-the same

ugh it is a costly project to be implemented., it is reliable in saving u]uu[:'juj[\”This

Hine-

pros and cons - installation the _ in Bangladesh and

also to take a look at its progress in the near future.

study
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1.3 Objective

At present there are two types of metering system in Bangladesh, one is traditional credit
meter another one is prepaid meter. In traditional credit meter system consumer often
complain about ghost billing system. Sometimes utility companies failed to collect their
revenue in time. For solving all this issue Government is currently installing new prepaid
metering system. For a sustainable and eco-friendly energy supply systemn every developed

country has introduced Smart grid. Smart Meter is one of the core pointof Smart grids. Smart

Meter has more benefit over prepaid meter.-S+nastMet { s bkt dis bt

[ Commented [b4]: Reference?

This study aims to discuss about the following objectives-

“ To put emphasi the impact of Smart Metering system installation.

% To describe lhe_ system . brief.

< [ study different cases related to the installation of Smart Meter.

% Torealize the importance of energy saving by implementing Smart Meters.
This study puts emphasis on the significance of Smart Meter implementation across the
country and to discuss about the CBA behind this metering system to be installed.

MoreoverMoreover, the necessary steps and measures are discussed briefly to put light on

the impact of Smart Meter system in the lives of the people of this country.




1.4 Organization of the thesis

This book is organized in five chapters which are given as follows:

4

©

Chapter-1 introduces the reader with the objective and the motivation behind our
work, also representing a brief summary of some related works which have been
done by previous groups.

Chaper-2 describes about the basic features of Smart Meter and present scenario
of Bangladesh Smart Metering network

Chapter-3 tells about the methodology in this work.

Chapter-4 describes about the result we have obtained from the Cost Benefit
Analysis in Chittagong municipality area.

Chapter-5 concludes with some prospects for future work.




Chapter 2
Smart Metering System

2.1 Definitions of Smart Meter and Metering Network

— and collects data and bring intelligence

to the edge of the grid. Smart Meter typically record and provides information to utility

provider with predetermined time interval. The Smart

system is quite sophisticated

and reliable as it is embellished with advanced equipment. WaYLWO-

A diagram h network are | NN 1




Certificate Authority Utility Company

ﬂ 11 n':

Wide Area Network

Gateway

Smart Meter ~ ‘

\

Neighbourhood Area Network ‘I*r
-"..‘I"r.
Home Area Network
Figure 1: Smart Metering Network Architecture
Smart Meter can constantly measurgegaergy along with monitoring their own performance
and environment. Smart Meters can in order_

|
[ o [ (0.

For example, Smart Meter will report if there any powegantage occurs with the help of his
backup supply and they can also report if there is anyh or -
I can casily identify the problem by

analysing th provided by the Smart Meter. And they can also send someone for solving
the problem. shown in - 1.




_ Not possible

_. In domestic secmr. latest version of Smart Meter used

is SMETS2.
According to the Govt. of UK the —

I [ 1!] are given below:

Physical requirements
Electric Smart Metering Equipment (ESME) shall have Lhis_




mmunications
addresses

|

Authorized NG
H

VII.  the customer identification Number
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B e Emergency Credit Balance
X.
XI.

XII.  any standing charge
XII.  the local time

XIV.  the contact details

XV.  the Active Tariff Price
XVI.  the Event log and Power event log

Recording

ESME must be capable of recording Active Energy Imported and Exported data.
Consumption and cost of consumption data should be recorded by ESME.

Security
ESME shall be designed in that way to ensure that there will be no breaching of Personal
Data at any circumstances. It shall capable of preventing unauthorised access that could

compromise the Confidentiality.

Thee are tre

Now we will explain our reader Smart Metering scheme that is used in England. The case
study is as follows:

“A Smart Meter works by measuring the current flow and voltage at regular intervals and
then adding this up to calculate the power used in a half hour period. This information sent
to consumer In-Home Display and to supplier. Different communications technologies may
be used in different parts of the country to allow the wide Area Network to send data to and
from the company providing the communications.

The information from your meter goes first into a communications hub that is usually built
into the electricity meter, and then through radio waves to the communications company. In
the case of the SMETS2 meters it is the Data and Communications Company (DCC). From

there it is sent on to the various DCC Services users who have a need for the data.

12




From the DCC, the Smart Meter messages can be sent to various Service Users depending
on the messages content. Electricity and gas suppliers and distribution network operators
will all have a keen interest in the data from Smart Meters. They will use it for the following
reasons:
* Suppliers
o Meter readings - for billing purposes
o Half Hourly readings - for additional services or sophisticated products
o Maintenance messages about the health of the meter - such as memory
problems
o Firmware messages - to update the software in the meter
o Configuration messages - to set up new products
o Pay as You Go messages - to top up PAYG credit
o Tamper messages - to detect theft and security attacks
o Export meter readings - to measure how much electricity your solar cells or
wind turbine is passing back to the network for load management and to credit

the customer, depending on the commercial arrangement.

« Distribution Network Operators
o Power outage messages - to know when and where outages occur
o Meter readings - for network billing to suppliers
o Half Hourly readings - for network load planning
o Voltage, Current and Power Factor readings - for network operation and
planning.

o Export meter readings - for network operation and planning.

» Other Authorized Parties
o Meters readings - to analyze and show you your energy usage
o Half Hourly readings - to analyze and show you your particular energy profile

shape [12].7
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Figure 2.
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Utility Consumer
Side I | | Side
Voltage Current
Sensing Sensing
Energy
metering 1C
)|
'8 w
Reset/ Update
Power | Circuit

Supply — Battery

switchover
EEPROM

Breaker

Smart Card j.

reader

Communicating unit (RF/ GSM/GPRS/
"1 Wi-Fi)

Figure B:—

(&

For voltage measure there is mainly used Step down transformer and resistor divider
network. Tmnsfmmern—
. In digital meters’ resistor divider network
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R1
To ADC

R2

Figure 4: Resistor divider configuration

o k2
°TRizr2’ ™

— n voltages divided down in such way
that it would be or energy measurement ch1pr_
Iuld be ground. and delivered to ADC.

ko I

2.2.2 The Current sensing unit

In Smart Meler—

1 I
1 -Resislor
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[15]. Figure 6
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Figure 6: Single Phase 30 Amp. Current Transformer

(_

for ics |G
I,
with [ 1000Q - 500mQ. The power loss
I so I, cissipation [13].

Figure 7 Erepresents how shunt resistors works in Smart meter.
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Loads_ide

Current to be VI
measure
|;'\Shunt Vo
Voltage signal
Output
Neutral

Figure 7: Shunt diagram of a shunt resistor

(D) Rogowski coil sensors

In 1902 Rogowski coil introduced in the electrical industry . It used_

[ v asure [N because lack of [Nl cenerated [N enough
_ equipment. Now a day it can provide wide ranglf measurement

with the help of improved microprocessor based system. They can deliver

are saturation free as there is no
iron in these coils. conventional _

I it




The voltage signal [l coil produced it is nm—

stated below

dl

V=kE

r

h can [l achieved [N

—

|=i]var

Figure 8 Eicuserepresents a commercially available Rogowski coils




mh

, & Smart Meter

I - Ficure 9 shows power supply schematic for a Smart Meter.

bridge) : * | |

Figure 9: [N I Victer

Before designing a power supply, it should be taken into consideration that
I rcquired power. Figure
I i I . I

_. After regulation regulator IC. -
_cansismf an inductor, a electric _electric -
used

. Instead of DC-DC

converter, a regulator can be used. After that the supplied to _

2.2.4 Energy measurement ‘

[ = calculation [N i [N

all the process.

These chips can

—. There are some other things can be done such as RMS voltage,
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_. Microhip, Teridian, STMicroelectronics and NXP are well

known energy measurement chips manufactures.

2.2.5 Microcontroller

Microcontroller is known as the core of the meler.h in _
I icrocontroller. Here are [ following functions controlled by

microcontroller

1 I
all [
. Smarlcard-

me _ have energy measurement IC in single MCU. In these types of meters
are done [Jj

single MCU. In |, (13].

2.2.6 Real Time Clock

Forkeeping track of the current time all Smart Meters need an essential hardware component
called Real time clock. It can provide time, date and alarm signals. Most Smart Meters have

separately worked RTC accessed by MCU. There are also some other types of Smart Meter

23




where RTC found built in. Smart er connected to the network and synchronized with
actual time to avoid time drifts. The [17].
2.2.7 Communicating Systems

Smart Metering sy srem— Network ([N

I icment ] this networking system [l allows all the

communication.
By using HAN, Smart er can establish communication with in-home display, other smart
appliances.In HAN the used with [ NN

. The

smart [N i< done by
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2.3 Present scenario of Bangladesh’s Metering System

At present, in Bangladesh there are mainly two types of metering system, one is conventional
post-paid metering system another one is prepaid metering system. Prepaid meter users have
to pay first before they use the energy. At present, Bangladesh has around more than 30 lac
prepaid meters. Government is trying to replace all conventional meter with prepaid meter.

Because it helps them to manage their resources and reduce wastage of energy.

From the Annual report of Power Division Ministry of Bangladesh for the fiscal year 2019-
2020, we have learnt that there is almost 8-9% of generated power is lost due to non-technical

losses.

There are 32 million consumers throughout the country using post-paid metering system. In
this system ‘meter readers’ take readings of meter on a monthly basis and then billing process
is carried out. Compared to this, prepaid metering system is much more helpful to the utility

provider.

At present there is a significant number of prepaid meter installed. In prepaid meters, there
is no hassle for meter reading or billings as like Post-paid metering system. In digital prepaid
metering system consumer can easily pay their bill. For this reason, collecting bills are more
simplified in this system. Here is a picture shows the scenario how it becomes more
simplified with a prepaid meter. Figure 10 shows the scenario how it becomes more

simplified with a prepaid meter.
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BASED SINGLE PHASE
5 ENERGY METER

Figure 10: A digital prepaid meter being recharged by a consumer

The more advanced technology that follows prepaid meter is Smart Meter. Here *Ssmart’
stands for two-way communication system and programmable capabilities. At present there

are only few number of Smart Meter which are available in industrial sector.

—

. So it is clear to say that is no
Smart Meter in our distribution system. In current metering system there is no

[ :cross the country . [N
R, - But we can

adopt more user-friendly approach bygeamans of Smart Meter. It will turn off the supply if
there is any break of sanctioned load—

Electrical current flow & voltage at regular intervals is measured by a Smart Meter. Then
these data isare added to calculate the power used in 30 minutes period. The same procedure

is maintained at regular intervals for the gas. This information can be easily provided to the
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household in a LCD display & also to the supplier.h variety of_
_ interconnected to - Meter. In different countries diffen'

technologies are implemented on the contrary of its available resources and technologies

. Besides [ the
B chese Smart [N also engaged in (NN i DU <

surrounding atmosphere.

_. when error occurs the meter shall indicate this and report the error to the
provider immediately. Thus the supplier shall instantly take action and send a technician in

order to fix the problem by contacting the customer.

_ the |
I Communication [

The power demand in Bangladesh is increasing with the passage of time. In order to cope
with the increasing power demand new technologies and advanced generation power
distribution is highly required. Thus to meet with the requirement these newly custom
technologies are being introduced in a rapid manner by not analyzing the capability to
restore it under standard capacity in the country. The customer needs to be provided with
the best possible technology in the best possible resources available. It will not only secure
the distribution of power system significantly but also will provide the sustainable system

which is necessarily required. Figure 11 shows the Grid map of Bangladesh.
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Figure 11: Grid map of Bangladesh
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Some of the requirements that should be kept in mind while introducing smart grid system
within the country ---

% Implementation of Smart Metering infrastructure.

% Selecting the most appropriate communication infrastructure.

“ Distributed energy resources must be utilized properly

& Customer’s satisfaction — for making them accepting the new technology

gradually.

§

Roadmap policies.

§

The cost effective management should be followed strictly.

§

The financial investment must be planned.

“ Political willingness is an important catalyst in this regard.

Smart Meter system is a system which requires high cost and investment. Ash

_ not possible _ total expenses. In this regard a pilot

project can be taken into account jointly by Bangladesh and any other foreign investor. And
if the project gets the desired appreciation as well as the success, the government can Ilher

move a step forward in establishing smart grid across the country. In this regard the

a evaluate the decisions

related to implementing this technology andgdfs related costs. have
I Meter system under its technology. [ NEEEEG—

some [l this countries lack the policy and regulations. The biggest challenges for Bangladesh

I also be to set up the policies and regulations regarding smart grid technology.
— come [N in this regard [

introduce the required polices & regulations in order to meet the demand of smart grid

system.
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Chapter 3
Methodology

3.1 Methodology

The methodological approach of Cost-Benefit Analysis in utilities and transportation was
proposed by Jules Dupuit in 1840s [18]. The methodological approach of CBA on smart
erids projects conducted by Electrical Power Research Institute (EPRI) in 2010 [19]. Based
on this framework the measurable benefits could be calculated. According to this approach,
the European Commission developed the guidelines for CBA of smart grid projects [20] and

Smart Metering development [3].

For any decision making of Smart Meter roll-outs member countries are required to conduct
CBA, according to the Third Energy Package of EU. After completi BA, 16 member
states (>80%) have made the decision on roll-outs by 2020 or earlier,h
had [ il 7 [l (Belgium, Lithuania,

Czech Republic, Portugal, Germany, Latvia, and Slovakia) had negative or inconclusive

CBAs [21].

The Seven steps of proposed CBA work done by [EPRI 2010] detailed in Figure 12.3-1




STEP 2: Map assets into functionalities

STEP 3: Map functionalities into benefits

STEP 4: Establish the baseline

Aonetize benefits and identify beneficiari

STEP 6: Quanti

and benefits

Figure 12: Seven steps of CBA

_

____________________________________§l
also helps enable Smart Grid functionalities as well as the number of implemented Smart

Metering functionalities.

For completingpesforminge a Cost Benefit Analysis there are minimum two scenarios [3]

o Scenario 1: This scenario could be described as Ball - "Business as usualgesvithout

deployment of Smart Meters. Also in this scenario, it is assumed that




for market reasons, meter operators do not need to install Smart Meters on top of

conventional meters. It could be described gaa "do nothing and nothing happen”

scenario, —This scenario-could be Jabeled as—

I, o< [,
B - csscd - Donoth stk =

I 2: 1n this scenario, roll-out of 80% of Smart Meters will be installed in
described time period. Also in this scenario, Smart Meters are assumed to be

equipped with the agreed minimum common functionalities.

3.1.1 Guidelines for CBA of Smart Metering deployment

According to the Guideline provided by EU, here is a guideline lo_

- Jes |

1

2

nario definition should be completed in this step.

Completig of CBA

Perform

Asses qualitatively deployment merit, externalities and social impact




S Cvideline 1: Set the scenario of the roll-out —

Scenario definition

Guideline 2: Define assumptions and boundary conditions

to capture the variables impacting the investment.

Tailoring to local conditions

e  Cvideline 3-9: Follow steps 1-7 of the cost-benefit analysis
Cost-benefit analysis

e Cvideline 10: Perform a sensitivity analysis ——
Sensitivity analysis
Guideline 11: Asses qualitatively deployment merit,
| externalities and social impact Qualitafive impact analysi

Figure 13: Five main macro-steps of guidelines

3.1.2 Guideline 1- Define the scenario

As described in previous section, we havegghosen scenario 1 for the Smart Metering
implementation. In this deployment scenario, on

_. We also took - vagables into account such as types of consumers and the
density of supply. It is important to implementation [l the [

(I ximize [

3.1.3 Guideline 2- Define assumptions and set critical parameters

Fristof all we identifrecognisedy and list the main pggameters. Than we communicated with an

engineer of BPDB which is 1 d in Khulsi.
I hm-“_
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