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The aim of this thesis is to analyze the flexibility incentives in the electricity markets 

of Australia and Bangladesh. This report provides information about the electricity 

market structure, ancillary services and smart metering infrastructure in Australia 

and Bangladesh. The thesis analyses the business case of battery energy storage 

system (BESS) and integration of the demand response (DR) technology in both 

countries. The analyses offer flexibility in the electricity market and also provide 

valuable information to support the existing market structure of Australia and 

Bangladesh. 

 

The thesis is done in LUT University from the Laboratory of Electricity Market and 
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1. INTRODUCTION 
 

1.1.  Objective 
 

The objective of the thesis is to examine the flexibility incentives in the electricity markets 

of case countries. For this thesis project, the case countries are Australia and Bangladesh. 

To achieve the objectives of the thesis, first step is to describe the electricity market 

structure of both Australia and Bangladesh. Both countries operate differently to meet their 

energy demand. Once the market structure study is done, then the thesis moves towards its 

key objectives. That is to analyze the business case scenario of battery energy storage 

system (BESS) in Australia and Bangladesh markets.  

 

 Electricity market design (Introducing BESS market participation options) 

 Analyses of BESS technology  

 Introduction to DR technology 

 

Study of BESS technology is one of the main objectives of this thesis. Australian 

electricity market is already utilizing BESS. For example, Tesla’s 100 megawatt battery 

project situated in South Australia. The Lithium-ion battery is owned by the French 

renewable energy company Neoen and is connected with the Hornsdale wind farm 

(Wahlquist, 2018). Bangladesh on the other hand is still on the planning stages about 

BESS. Bangladesh has huge potential of solar energy, having good sun light throughout 

the year. Geographically it is also favorable for wind energy technology. This makes it an 

interesting case of how the country can best utilize its solar and wind energy potential by 

introducing BESS technology into the market. 

 

Introduction to demand response (DR) technology is another objective of this thesis. DR 

technology provide incentives for consumers to adjust their consumption depending on the 

electricity fees (IEA, 2016). DR technology is very important in moving towards 

renewable resource based energy systems as it also provides solution for the intermittent 

energy generation. In both Australia and Bangladesh, intermittent energy like wind and 

solar have significant potential. If properly used, then DR technology will definitely help 

to maintain the energy balance in both Australia and Bangladesh. Active participation of 

customers is key element in activating DR technology. In DR technology, the power 
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service providers send signal to the consumers by informing them about peak hours, when 

the electricity price is higher than the off-peak hours. Consuming electricity in peak hours 

is more expensive than during the off-peak hours. Customers then adjust their usage 

pattern accordingly. By doing so they save money and sometimes they also get additional 

payment from the service provider. (Van Nuffel, et al., 2016) 

 

To achieve the objective of the thesis, electricity market structure and services are 

presented. Flexibility incentives like BESS and DR opportunities and their business case in 

Australia and Bangladesh is analyzed.  

 

1.2.  Structure of the thesis 

This thesis paper is organized into seven chapters. In the first two chapters, the 

introduction, objective, research method, challenges, limitation and the electricity markets 

are presented.  

 

Chapter three presents the electricity market infrastructure in Australia and Bangladesh. 

The metering infrastructure of both countries are presented.  

 

Chapter four presents information of the BESS technology and DR technology. The 

characteristics of the batteries and different types of DR operation are presented.  

 

Chapter five presents the result of the analyses of BESS technology in Australia and 

Bangladesh. The results are presented via calculation and analyses of BESS technology. 

The analysis of DR technology is also presented. 

 

Chapter six and seven contain the discussion and conclusions section of the thesis.  
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1.3.  Research Method 
 

This thesis aims to look onto the flexibility incentives in the electricity markets of 

Australia and Bangladesh. BESS and DR technology offer the opportunity to enable 

energy security and provide reliable electricity supply. To achieve the objectives, literature 

review and cost benefit analyses is done for both Australia and Bangladesh. In case of 

BESS technology, first the costs of using the battery is calculated. This enabled analyses of 

the business case opportunity of BESS in the existing market. The existing market 

structure is evaluated to present the profit scenario of BESS technology. The DR 

technology is also analyzed via the evaluation of market structure that resulted in the 

analyses of consumer involvement that can result into less peak hour consumption in 

Australia and Bangladesh. 

 

 

1.4.  Challenges 
 

The thesis is based on literature review and electricity market infrastructure studies. The 

main challenge was finding the reliable sources of information. The national energy market 

websites provided many information of both Australia and Bangladesh. In case of 

Bangladesh, there are not enough information and the reports are not published regularly. It 

was a challenge to collect latest information from other sources considering the reliability 

issue. Australian market regularly updates the information, but the challenge was the lack 

of long-term data for FCAS lower regulation services. The data is available for two months 

only. 

 

1.5.  Limitations 
 

There were few limitations needed to overcome during the analyses. One of them is 

regarding the Australian market data for ancillary services. Australian Energy Market 

Operator (AEMO) publishes ancillary services data of each day and keep it on their data 

dashboard for two months only. So, for the yearly analyses, an estimation for the whole 

year was needed to be made based on the available data. In contrast, there is no ancillary 

services market in Bangladesh. Only qualitative analyses are done, as there is no existing 

market structure, and hence, market data is not available. 
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2. ELECTRICITY MARKET IN GENERAL 
 

 

Electricity is a necessity in our daily life. Whatever we do we are using electricity in one 

way or another. The lights we use, mobile phone, computer, heater, washing machine, all 

need electricity to operate. Electricity is produces by generators that travels from 

production to consumption in an organized system in electricity market.  

 

Electrical energy is challenging, expensive and also difficult to store in big amount. And, 

electricity power balance between production and consumption has to be maintained at 

every moment. Demand response mechanism helps to maintain balance. This technology 

involves consumers to reduce the peak hour consumption. (Cramton, et al., 2013) 

 

Electricity is produced by generators using different fuel types in the generation plants. 

The generator transformer converts the low voltage electricity to high voltage electricity 

for transporting process which the transmission line carries into long distances towards 

distribution transformer. The distribution transformer converts this high voltage electricity 

to low voltage electricity for distribution purpose. In this stage it is ready to use for end 

users. Finally, the electricity travels through the distribution lines to end users. This 

journey from production to consumption is made within an electricity market where 

different stakeholders play their key role in maintaining the energy balance. (AEMO, 

2019) 

 

Figure 1, shows a common pattern of electricity transportation in an electricity market. 

 

Figure 1: Electricity Flow in a market (AEMO, 2019) 
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There are many stakeholders involved in an electricity market. Each stakeholder takes care 

of their own business that ensures a competitive market. The market regulators look after 

the legislations to maintain a healthy competition. In Australia, it is Australian Energy 

Regulator (AER) and in Bangladesh, it is Bangladesh Energy Regulatory Commission 

(BERC). AER enforces the laws, monitors and reports on the conduct of market 

participants but it does not set the consumers' electricity prices (AER, 2019). The 

electricity price depends on many factors: Consumer demand, availability of generation 

sources, fuel costs, power plant availability (EIA, 2019).  

 

Electricity markets are usually organized into three time period based services (Cramton, 

2015).  

 Short-term markets 

 Medium-term markets 

 Long-term markets 

 

The following figure shows the different utilities in electricity market.  

 

 
 

Figure 2: Electricity market structure (IEA, 2016) 

 

The day-ahead markets, real time markets, intraday markets and ancillary services markets 

are all short-term markets. Bid for energy, adjustments, frequency control services and 

voltage control services are all structured in the short-term markets. (IEA, 2016) 
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The medium-term markets are used for risk management operations. The duration is from 

months to years. The future and forward markets are characterized as medium-term 

markets. The long-term markets are for assets that will operate beyond the time period of 

the medium-term markets. The time duration spans from years to decades. The capacity 

markets and long-term contracts are in the long-term markets’ category. (IEA, 2016) 

 

2.1.  Market Restructuring 
 

Electricity market is going through rapid changes. During the latter years of previous 

century, most of the electricity market was vertically integrated one dimensional regulated 

monopoly. These types of market designs are often considered less efficient and 

economically less profitable. A monopoly market, customers have to pay higher electricity 

prices because of the lack of competitors in the market. Mostly one stakeholder dominates 

the entire market. These types of market designs still exist and generally they are nationally 

owned or in some markets they are owned by part of ministries. But over the last twenty 

years, most countries have restructured their electricity market and introduced many 

regulations to create and maintain healthy competition, thus ensuring energy security and 

reliability. (IEA, 2016) 

 

The following figure shows different types of electricity market around the world. 

 

 

 

Figure 3: Different types of electricity market (IEA, 2016) 
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Unbundling the system is a method used for market restructuring. This system separates 

vertically integrated services into different businesses. They establish a market base 

structure where the transmission grid and distribution network operate with interconnected 

services. Competition is introduced in the generation side and retailers compete against 

each other that results in customers getting a good deal. Normally the transmission and 

distribution side remain in regulated monopoly. (IEA, 2016) 

 

Independent power producers (IPPs) create healthy competition in electricity market. In 

most cases, IPPs are privately owned utilities. These utility companies own power plants, 

generate electricity and sell it to other utilities or end users. The main objective of IPPs is 

to maximize their business profit. They enter a market by investing in generation 

technologies and make profit by selling it at a predefined price. (IEA, 2016) 

 

2.2.  Physical Market 
 

Electricity market generally consists of two types of businesses. They are physical 

electricity market and the financial electricity market. The actual energy delivery takes 

place through the physical electrical market. Here, electricity is bought and sold at 

wholesale prices. The price gives indication about the amount of electricity required to 

retain the power balance. Whereas on the financial electricity market participants hedge the 

electricity prices with derivative contracts and there is actually no power delivery. 

(Kauniskangas, 2015) 

 

Electricity is traded between generators and suppliers or large end users in the wholesale 

electricity market and then later on, end users get electricity from their selected supplier. 

The generators sell electricity that is produced by their power plants. The retailers compete 

against each other to buy energy at wholesale prices so that they can make profit by selling 

it to the customers at a higher price. There are trading in power exchanges and bilateral 

contracts between generators and suppliers that enable them to do business in the 

wholesale market. 

 

The price depends on the consumers' demand. During the peak hour where demand is 

higher, the price rises. Figure 4, shows the relation between demand and price in the 

physical electricity market. This graph is from New South Wales (NSW), Australia during 
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an evening time in September 2019. The demand is high around 19:00 when consumption 

rate increases. This higher demand reflects on the spot price, as it also rises during this 

peak hour. (AEMC, 2019) 

 

 

Figure 4: Demand and spot price (AEMC, 2019) 

In the Nordic day-ahead market for example, price is constructed at the intersection of all 

the bids figured in the demand and supply curve. The price is formed for each hour of the 

next day where the volume and price is established via the intersection point (Energinet, 

2018).  

The following figure shows the concept of price formation in Nord Pool day-ahead market.  

 

 

Figure 5: Nord pool day-ahead market price formation (Nord Pool, 2019) 
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2.3.  Ancillary Services 
 

Ancillary services are managed to provide a reliable electricity system. Ancillary services 

are normally organized by the transmission system operators (TSO). Frequency control and 

voltage control facilities are part of ancillary services. These services facilitate to continue 

the power flow, help to restart the system after a blackout event. Renewable energy 

generation is growing and because of the intermittency characters, need for ancillary 

services is increasing. (IRENA, 2019) 

 

Ancillary service providers participate in the market in different categories. Even though 

there is no fixed classification of it because it varies in different market (IEA, 2016) and 

even the same service type can have different name in different market (Kaushal & Van 

Hertem, 2019). Commonly they are categorized by the service type (frequency control, 

voltage control, system start up). Ancillary services are also classified by the time of their 

response, i.e. how quickly a service provider can start operating when called upon. For 

example, Australian market has eight types of frequency control services based on their 

response time (AEMO, 2015). 

 

The figure below shows different types of ancillary services. 

 

 

 

Figure 6: Ancillary Services (Kaushal & Van Hertem, 2019). 
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BESS technology and DR technology can participate in the ancillary services market and 

address the variability and uncertainty of the system (IRENA, 2019). 

 

2.4.  Capacity Mechanism 

 

Capacity mechanism is a method to ensure energy resource adequacy by alleviating 

different challenges created from demand side flaws. The generators are paid for their 

availability of generation capacity. It also provides flexibility to intermittent renewable 

energy resources. Primarily it can be one of Price-based mechanisms or Quantity-based 

mechanisms. (Van Nuffel, et al., 2016) 

 

Mechanisms include capacity payments, capacity obligation and strategic reserve. In 

capacity payments, capacity providers receive pre-agreed fees that are determined by the 

regulator based on each megawatt installed. In this method the regulator faces the 

challenge of determining proper size of a capacity payment. But it gives incentive to 

capacity provider to become available when needed. Another mechanism is strategic 

reserve where a central agency that can be a transmission system operator or a government 

agency, contracts with a strategic reserve capacity to become available during the need. In 

common practice, this contract is agreed via a competitive tender. Strategic reserve power 

plants do not operate in the electricity market. They are operated only during the scarcity 

situations. (Van Nuffel, et al., 2016) 
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The following figure shows different types of capacity mechanisms. 

 

 

 

Figure 7: Different types of capacity mechanism (Van Nuffel, et al., 2016) 

 

Capacity obligation is another method of capacity mechanism. In this method, the 

consumers or suppliers have an obligation to contract a specific amount of capacity 

required to cover the peak demand. This is done via bilateral contracts between consumers 

and capacity providers. Similar type of mechanism is capacity auction where an 

independent body selects the total capacity which should be available when needed. The 

amount is determined by considering the projected future residual peak load and a reserve 

margin. (Van Nuffel, et al., 2016) 

 

Reliability option is a quantity-based mechanism. There is call-options which is auctioned 

via this capacity market. The system operator selects the options volume by considering a 

valuation of future peak load and a security margin. Usually the system operator buys the 

contract on behalf the customers. The options are called depending on the price. (Van 

Nuffel, et al., 2016)  
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3. MARKET STRUCTURE AND METERING 

INFRASTRUCTURE 
 

3.1.  Australia 
 

3.1.1. Background 

 

Australia is situated between the Indian Ocean and the Southern Pacific Ocean. It is a well-

developed country. Geographically it is one of the largest countries in the world 

(Department of Foreign Affair, 2016). It has a strong economy, rich culture, and has a 

good-structured electricity market. Most of the land is desert area (Cooper, 2013). The 

temperature is normally very high during the summer (Webb & Hennessy, 2015). The 

good availability of sunlight makes Australia favorable for solar energy technology. 

Australia has a population of about 25.2 million with a density of only 3 per km² 

(Australian Bureau of Statistics, 2019).  

 

There are six states in Australia. Among them five states are in the National Electricity 

Market (NEM) region. The Northern Territory and Western Australia are not part of NEM. 

Sydney is the largest city that is located in South Australia region (Australian Bureau of 

Statistics, 2019). 

 

Australia is rich in energy resources. They are distributed all over the country. They 

possess high quality and large amount of natural gas, uranium (world’s largest) and coal 

(fourth largest) resources. During the year 2014-15, they exported about 79% of their total 

energy production. There is great potential in renewable energy. Wind and solar is utilized 

more in recent years, whereas hydroelectricity is a matured technology there now. 

Australia also exploit tidal, wave and geothermal energy resources. As they continue to 

utilize more of their renewable energy resources, there is a growing need to have flexibility 

in the energy infrastructure. (Australian Energy Resources Assessment, 2019) 

 

In Australia, both energy production and consumption has increased during recent years. 

Development in renewable energy had big influence on the increased energy production. 

(Ball, et al., 2018) 
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Figure 8, shows the electricity consumption in NEM region of Australia from 2005 to 

2018. 

 

 

Figure 8: Electricity consumption in NEM region over the years (AER, 2018) 

 

In Australia, coal is the main source of energy generation. According to some recent 

studies, coal will remain as the main source of energy generation in Australia for at least 

another 20 years from now on. Coal sourced energy generation accounts as high as 77% 

(150.9 TWh) of the total energy generation in the NEM region during the year 2016-17. 

Gas (9%), water (8%), wind (5%) and solar (0.3%) are other resources utilized over that 

period. Solar energy is only 0.3 TWh from the total of 196.5 TWh but this amount 

excludes off grid rooftop solar PV data.  (AEMO, 2019) 

 

The figure below shows, the electricity generation in Australia by energy resources in the 

electricity, gas, water and waste services industry. The household consumption is excluded. 

This information is from the year 2017–18 and covers data outside the NEM area as well. 

(Australian Bureau of Statistics, 2019) 
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Figure 9: Electricity generation by resources (Australian Bureau of Statistics, 2019) 

 

3.1.2. Structure and Infrastructure 
 

The National Electricity Market (NEM) is a wholesale electricity market in Australia that 

operates in an interconnected network system covering an area of 5,000 kilometers 

distance and high voltage transmission lines of as long as about 40,000 kilometers across 

Australia’s southern and western seaboard. This makes it the world’s longest 

interconnected power system. NEM market operates as energy only market. There is no 

capacity mechanism feature in use. NEM supplies 80% of Australia’s electricity 

consumption. Energy produced from generators is converted to high-voltage electricity by 

generator transformers that are situated in either terminal stations or substations. This 

electricity then travels via long distance transmission lines which can be directly accessed 

by large industrial customers. For other customers, the electricity travels to distribution 

transformers where it is converted in to low-voltage electricity. This is transported to 

households and domestic users via poles and wires that are available in a typical suburban 

street. (AEMO, 2019) 

 

BESS technology will be very important in Australian electricity market over the coming 

years. BESS will help them to integrate all those developing renewable energy 

technologies into the market. It is already in operation and as the battery prices continue to 

fall, it will contribute even more. BESS can solve the intermittency problem of wind and 

solar energy. 
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The following figure shows the geographical area in the NEM operated states. 

 

 

 

Figure 10: National electricity market map (AEMO, 2019) 

 

Australian electricity market went through market restructuring process. Earlier it had state 

organizations maintaining their electricity market. But after the market reform, they have 

created NEM as a big interconnected network system (IEA, 2016). NEM started its activity 

as a wholesale spot market from the year 1998. The NEM interconnected network covers 

five states of Australia. They are: 

 South Australia,  

 New South Wales,  

 Queensland,  

 Victoria, and  

 Tasmania. 

 

Among the structural properties of NEM, few of them are owned and managed by the state 

governments. The rest of them are by some private business agreements.  (AEMO, 2019) 
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NEM consists of many competitive markets and regulated monopoly networks. Among the 

competitive wholesale markets in NEM there are: 

 

 Spot market, 

 Contract market, and 

 Ancillary services market. (AEMC, 2019) 

 

The following table presents the general information of NEM.  

 

Table 1: NEM facts as of 2017 (AEMO, 2019) and (AER, 2019) 

Initiation 1998 

Market type Competitive wholesale electricity market 

Transmission connections  40,000 Kilometers 

Supply 200 TWh per year 

generators and retailers More than 100 

Total Customers More than 9 million 

Number of large generator Units 240 

 

 

The Australian Energy Market Operator (AEMO) governs and supervises the activity of 

NEM. AEMO acts as the market operator for NEM. The Council of Australian 

Governments established AEMO that has progressed through the supervision of the 

Ministerial Council on Energy. AEMO began their operation from July 2009 and since 

then it is performing as the single market operator for gas and electricity in Australia. 

AEMO enables a safe, secure and reliable energy supply in Australia by collaborating with 

industry, governments and consumers. They plan, develop and operate markets including 

NEM with respond to the demand of the energy sectors to support Australia’s long-term 
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energy future. AEMO’s vision is to deliver energy security for Australian energy 

consumers. They monitor the NEM from two control centers. They are located in different 

states. Both of these control centers are equipped with identical technology. That makes 

electricity supply constant, secure and also enables the safe supply of electricity. (AEMO, 

2019) 

 

The figure below shows the energy and financial flow from AEMO to end users in NEM. 

 

 

 

Figure 11: Energy and financial flow in NEM (AEMO, 2019) 

 

 

3.1.2.1. Spot Price 
 

The physics of electricity means that the electricity supply by generators should always 

constantly match the amount of electricity that is being used by consumers. AEMO 

organizes a pool system, where generators offer their bids to produce and supply electricity 

to the customers in NEM region. The pool is a spot market where a centrally coordinated 
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dispatch procedure is used to continuously maintain the power balance. AEMO then selects 

the generator based on the cheapest offer being put first in line to deliver electricity. This 

system makes it a cost efficient fluent system. (AEMO, 2019) 

 

According to (AEMO, 2019), "a dispatch price is determined every five minutes and six 

dispatch prices are averaged every half-hour to determine the spot price for each NEM 

region". This price is used during financial businesses settlements. There is a price cap for 

financial transactions. The maximum was 14,200 Australian dollar (AUD) per MWh and 

minimum was -1000 AUD per MWh on July 2017. At current exchange rate, the maximum 

was about 8,723 Euro per MWh and minimum was about -614 Euro per MWh. (AEMO, 

2019) 

 

3.1.2.2. Prerequisites for trading 

Businesses need to register for participating in AEMO operated markets. In the registration 

process, candidates have to give sufficient documents to AEMO for making contract in any 

of the market categories or classifications. The applicants are required to select the market 

categories and also need to have the knowledge about rules and systems of the market 

categories (AEMO, 2019). 

 

The applicant interested to participate as a generator is required to own, control or conduct 

a generating system that is connected with a transmission or distribution network. They 

will be registered in one of “market” or “non-market” categories. If at the connection point, 

the entire electricity output of a generator is bought by a local retailer or customer then this 

generator is classified into the non-market category. A market generator can also fall into 

ancillary service generating unit’s classification that possess substantial capabilities. But 

there can be some exemption criteria for few systems to participate as generator. Those 

exemption can be systems below 5 MW, or 30 MW that has lower than 20 GWh of annual 

exports.  (AEMO, 2019) 

 

Small generation aggregator (SGA) category is for market applicant that can supply under 

30 MW of generation unit to a transmission or distribution system. Whereas in a network 

service provider (NSP) contract category, a participant must own, operate or controls a 

transmission or distribution system. The retailer and end users are in the customer category 
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contract. There are four other contract type categories as special participants (system 

operator, distribution system operator), reallocator, trader and intending participant. 

(AEMO, 2019) 

 

Figure 12, shows the registered participant categories and classifications in NEM. 

 

 

 

Figure 12: Registered participant categories and classifications (AEMO, 2019) 
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3.1.2.3. Ancillary Services 

In Australia, there are three main categories of NEM ancillary services.  They are (AEMO, 

2015): 

 Frequency Control Ancillary Services (FCAS) 

 Network Support & Control Ancillary Services (NSCAS) 

 System Restart Ancillary Services (SRAS). 

 

Frequency Control Ancillary Services (FCAS) 

 

FCAS services are used to maintain system frequency for NEM. NEM standard frequency 

condition is around 50 Hz in any time period. NEM FCAS are classified into two control 

types which are Regulation frequency control and Contingency frequency control. When 

there is any variation in the load or generation then Regulation frequency control is applied 

to maintain generation and demand balance whereas if a big emergency incident like 

generating unit loss or significant industrial load loss occurs then contingency frequency 

control is used. In terms of time of use and control; regulation services are centrally 

controlled from two control centers of AEMO and utilized more often than contingency 

services that is locally controlled and comes into action only during big events. (AEMO, 

2015) 

 

AEMO uses the generators served Automatic Generation Control (AGC) system during 

regulation frequency control operations. This system enables constant monitoring and 

controlling of the system frequency. AGC system helps AEMO keep the operating band 

frequency between 49.85Hz to 50.15Hz. (AEMO, 2015) 

 

If a contingency incident occurs, AEMO is obliged to secure that the frequency should stay 

inside the contingency band and within five minutes time it should also go back to standard 

operating band. This service enables AEMO to correct the frequency. These contingency 

services are provided by technologies like generator governor response, load shedding, 

rapid generation and rapid unit unloading. The frequency variation can be detected locally 

via these technologies. (AEMO, 2015)  
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Figure 13: Contingency service frequency control during contingency event. (AEMO, 2015) 
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NEM has eight markets for FCAS operation. Market types and service system can be seen 

from the table. 

 

Table 2: NEM markets for securing appropriate FCAS at any moment in time. (AEMO, 2015) 

Market Category FCAS market name  Service system 

Regulation Regulation Raise correct a small frequency 

drop 

Regulation Regulation Lower correct a small frequency 

rise 

Contingency Fast Raise six seconds response to fix 

a major frequency drop 

Contingency Fast Lower six seconds response to fix 

a major frequency rise 

Contingency Slow Raise sixty seconds response to 

stabilize after a major 

frequency drop 

Contingency Slow Lower sixty seconds response to 

stabilize after a major 

frequency rise 

Contingency Delayed Raise five minute response to fix 

frequency to normal 

operating 

band after a major 

frequency drop  

Contingency Delayed Lower five minute response to fix 

frequency to normal 

operating 

band after a major 

frequency rise 

 

The service providers are obliged to register in AEMO system before working in the FCAS 

market. After that they are able to submit offer or bid in the FCAS market. Then National 
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Electricity Market Dispatch Engine (NEMDE) acquires the required amount of FCAS 

products during every single FCAS dispatch interval. (AEMO, 2015) 

 

Figure 14, shows the NEMDE service in FCAS market and figure 15, shows the marginal 

clearing price for FCAS. 

  

 
 

Figure 14: Prices, Targets of NEMDE and FCAS. (AEMO, 2015) 

 

 

 

 

Figure 15: FCAS services marginal clearing price. (AEMO, 2015) 



 
 

33 

 

FCAS enablement targets are met by NEMDE clearing prices based on the merit order of 

cost. The FCAS marginal price is set by the offer with the highest cost that is enabled. 

There are some bidding policies for FCAS offers and bids. The offers or bids is possible to 

comprise up to 10 bands encompassing non-zero MW availabilities, the band values should 

be increasing monotonically, and prices should be set by 12:30 of the previous day. Re-bid 

is possible for band availabilities, enablement limits and breakpoints. (AEMO, 2015) 

 

The generic FCAS trapezium (figure 16) shows the enablement limits and breakpoints of 

FCAS services. X-axis shows the consumption level in MW for a scheduled load and Y-

axis shows the highest FCAS ancillary service that can be provided. (AEMO, 2015) 

 

 

 

Figure 16: General FCAS Trapezium (AEMO, 2015) 

 

Payments 

NEMDE finalizes clearing prices that is later utilized for settlements, for every dispatch 

interval. They use the formula; Payment = MWE x CP / 12. Here, the enabled MWs is 

MWE and the clearing price during the same dispatch interval is CP. The 12 here is to get 

it on five minutes. The payment is then calculated for a trading interval which is later 

stated in thirty minutes payments for recovery objective. (AEMO, 2015) 

 

Recovery 

The market participants pay for the services recovery payments. Based on services it is 

generator or customer who pays for it. The payments for contingency raise services are 

recovered from the generators. Whereas customers pay the for the recovery cost of 
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contingency lower services. And, “causer pays” policy is used for the regulation services 

recovery settlement. Based on the effect of participants’ action on the frequency deviation 

the payment is determined. (AEMO, 2015) 

 

The following figure shows the cost recovery of FCAS. Different participants pay for 

different service category to recover the cost. 

 

 

                                    Figure 17: FCAS Cost Recovery. (AEMO, 2015) 

 

Network Support & Control Ancillary Services (NSCAS) 

NSCAS has three different categories (AEMO, 2015). 

 Voltage Control Ancillary Service (VCAS) 

 Network Loading Control Ancillary Service (NLCAS) 

 Transient and Oscillatory Stability Ancillary Service (TOSAS) 

 

AEMO is responsible to control the network voltage. Dispatching VCAS is one of the 

voltage control methods. In this method, generators either absorb or inject reactive power 

from electricity grid or onto it. VCAS is then categorized into two types. One is 

synchronous condenser, and another is static reactive plant. (AEMO, 2015) 

 

If there is a flow on inter-connectors to within short term limits, then AEMO exercises 
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NLCAS to control the voltage. It can be done via a Load Shedding event. (AEMO, 2015) 

 

During events like short-circuit, power flows can experience strong transient "spike" and 

equipment can get damaged. In these events, TOSAS quickly adjust the network voltage to 

fix the situation. This ancillary service increases the rotating mass inertia that is connected 

to the power system. This service can also quickly increase or reduce the load to control a 

fault event. (AEMO, 2015) 

 

System Restart Ancillary Services (SRAS) 

If there is a black-out event occurs, SRAS performs the task of restarting the power system. 

SRAS use either general restart source technology or trip to house load technology to 

restart the system. A generator is used to provide energy to the transmission grid in case of 

the general restart source technology. There is no external supply source in this technology. 

Whereas in the trip to house load technology, upon detecting a system failure, a generator 

continues to supply before AEMO is prepared to use it to restart the power system. 

(AEMO, 2015) 

 

Payments 

There are four types of payment for the NSCAS and SRAS services. The payment can be a 

combination of few payment types as well. Payment type and time of those payments is 

shown on the following table. (AEMO, 2015) 

 

Table 3: NSCAS and SRAS services payment (AEMO, 2015) 

 

payments type name Paid for 

Enablement when NSCAS or SRAS is enabled 

specifically 

Availability each trading interval when NSCAS or 

SRAS is available 

Testing costs for the services annual test 

Usage each trading interval when NSCAS or 

SRAS is utilized 
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Cost Recovery 

The cost recovery for NSCAS payments is done from the customers. And, as for the cost 

recovery of SRAS payments, half amount is recovered from the customers and the other 

half is recovered from the generators. (AEMO, 2015) 

 

Figure 18, shows the payment types for both VCAS and SRAS services.  

 

 

 

Figure 18: VCAS and SRAS payments (AEMO, 2015) 

 

3.1.2.4. Metering Infrastructure 
 

The Australian electricity market uses smart meter services. Smart meter offers accurate 

data and it is possible to read remotely. This enables the customers to get involved into 

flexibility incentives like DR technology. Customers can get the information of the peak 

hours and adjust their consumption pattern accordingly. The metering data measurement is 

normally done in thirty-minute intervals. (Keele, et al., 2018) 

 

Australian Energy Market Commission (AEMC) has introduced market competition for 

metering services since 2017. Now the responsibility of metering services is on the 

retailers who can offer smart meter to the customers of their choices. Previously it was the 

distribution network businesses who were selecting the metering service providers. The 

customers can also select the retailers who they want to receive the smart meter services 

from. (Keele, et al., 2018) 
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The metering market competition excludes the Victoria region, because there is state 

regulation in place that offers local distribution businesses to provide metering services 

(AEMC, 2019). The rest of the NEM regions metering service providers are registered and 

accredited by AEMO before they start operating (AEMO, 2019).  

 

3.2.  Bangladesh 
 

3.2.1. Background 
 

Bangladesh is a South Asian country with a geographical area of 147,570 km2 and as of 

year 2016, has a population of about 160 million (Management Information System, 2016). 

Bangladesh consists of eight divisions. Each division has number of districts. There are 64 

districts in total. Then each district is divided into many small parts called Upazila. 

Bangladesh is a very densely populated country and that also makes big impact on the 

country’s overall development including energy sector. In recent years Bangladesh’s 

economy has been rising. The power sector of Bangladesh is also growing rapidly. 

(Bangladesh National Portal, 2019)  

 

It was not long ago when Bangladesh was in a terrible situation with the amount of load 

shedding the country had faced every single day. At times there were about 8-10 hours of 

load shedding per day (Bergman, 2018). People got used to it so much that it was seen as a 

daily occurrence and nothing surprising. Bangladesh power development board (BPDB) 

has taken many important steps to improve this load shedding problem. Although 

Bangladesh is yet to experience completely load shedding free electricity generation, they 

have seen remarkable improvement over the last decade. The old structure in transmission 

and distribution is also a major obstacle to overcome. Natural disasters are very common in 

Bangladesh and with new major occurrence, country’s electricity sector faces huge 

challenge to supply load shedding free generation. (BPDB, 2018) 

 

Natural gas is the main energy resource in Bangladesh. Renewable energy has been 

growing in recent years. Bangladesh has set up a target to deliver about 10 percent of the 

total power generation capacity from renewable energy sources by the year 2021 (BPDB, 

2018). But despite being in a good geographical area for solar generation, the development 

rate is very slow. One key reason for that, is the challenge of obtaining land for solar power 
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plant. The density of population creates land scarcity and there is also a government rule in 

Bangladesh which prevents people from using agricultural land for non-agricultural use 

(LANDac, 2016). This rule is there to provide enough food for the country’s massive 

population. This also effects on building new solar power plant. But the off-grid rooftop 

solar power is very common now and it is providing electricity in rural areas. Bangladesh 

government is encouraging public department to utilize rooftop solar PV in big cities. 

Bangladesh electricity market went through market restructuring process. Earlier it had 

Bangladesh Power Development Board (BPDB) as a single vertically integrated utility 

until 1996. Then after the market restructuring, it is unbundled both vertically and 

horizontally. Now on the generation side there are few other companies in addition to 

BPDB. Transmission responsibility is solely on Power Grid Company of Bangladesh 

Limited (PGCB) including National Load Dispatch Center (NLDC). There are many 

distribution companies including Palli Bidyut Samiti (PBS), Dhaka Power Distribution 

Company Limited (DPDC), and West Zone Power Distribution Company Limited 

(WZPDCL). (Pargal, 2017) 

 

 

3.2.2. Structure and Infrastructure 

 

The power sector of Bangladesh is governed and monitored by the Ministry of power, 

energy and mineral resources (MPEMR). It has two divisions managed in association with 

Bangladesh Energy Regulatory Commission (BERC). The two divisions are Energy and 

mineral resources division and power division. BERC looks after the transparency in 

management level, creates energy efficiency incentives by developing regulation, provides 

opportunities to both state-own and private stakeholders. (BPDB, 2011) 

 

Power division conducts their work with Bangladesh Power Development Board (BPDB), 

Rural Electrification Board (REB), Dhaka Power Distribution Commission (DPDC), and 

Dhaka Electric Supply Company (DESC). (BPDB, 2011) 

 

Power Cell is directly associated with power division. It is formed by the Bangladesh 

government to execute the government’s power sector reform projects to drive the 

development projects. Power Cell’s task is to create reform strategy, apply specific power 
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sector projects, organize the financial and business ideas for stakeholders under MPEMR. 

Developing the information technology (IT) department and human resource (HR) section 

is also their responsibility. Power Cell operates as a strategic and development department 

in Bangladesh power sector. (MPEMR, 2019) 

 

The figure below shows the current structure of the power sector in Bangladesh.  

 

 
 

Figure 19: Structure of Bangladesh power sector (BPDB, 2011) 

 

Rural Electrification Board (REB) is connected to the rural power company limited and 

that is linked with Palli Bidyuit Samiti (PBS). PBS are distribution companies in rural 

areas which are owned by consumer groups of 5-6 Upazilas. PBS purchase power from 

REB. REB also performs as the regulator for all the PBS in Bangladesh (Ministry of 

Environment and Forests, 2012). REB is responsible for the generation of affordable and 

efficient electricity in the rural areas of Bangladesh. Majority of the land area in the 
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country falls into this category. Many people still live in poor living condition. Agriculture 

is dependent on the energy supply in rural places. Agriculture is a major sector to feed the 

huge population of the country. REB is running many ongoing projects under PBS to 

makes sure of obtaining “Electricity for all by 2021” vision. As of 2019, there are 120 

Upazilas yet to be 100% electrified. (BPDB, 2011) 

Dhaka Power Distribution Company Limited (DPDC) is a capital state-based distribution 

company. DPDC started its operation in 2005, in view of meeting the electricity demand of 

capital Dhaka and nearby Narayangonj city (DPDC, 2019). Both cities are situated in 

Dhaka division. Dhaka is one of the most densely populated cities in the world and the 

biggest in Bangladesh. Most of the government offices, top universities, hospitals, national 

cricket and football stadiums are in Dhaka city. There are also many top garment and 

textile companies as well and the garment industry is the main source of export business 

for Bangladesh. So, the electricity demand is highest here. Whereas Narayangonj is known 

as the industrial city, located near Dhaka. Electricity demand is also very high in this city. 

DPDC generates quality and affordable electricity in this region with 5,3712 km of 

transmission and distribution line for its 1,253,486 customers. This is a huge growth from 

its initial 655,908 customers back in October 2005. DPDC has a system loss of 7.41%. 

Uninterrupted electricity supply, taking necessary actions to promote national growth are 

among key objectives of DPDC. (DPDC, 2019) 

Bangladesh power development board (BPDB) has five different divisions each with 

important responsibilities. These are Power Grid Company of Bangladesh Limited 

(PGCB), Ashuganj Power Station Company Limited (APSCL), Electricity Generation 

Company of Bangladesh (EGCB) Ltd, North west power generation company limited 

(NWPGCL) Bangladesh, West zone power distribution company (WZPGCL) limited. 

These are the transmission and distribution companies that are formed in view of allocating 

responsibilities of power grid Bangladesh and promote efficiency. (BPDB, 2011)  
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The following figure shows the load curve of a day in Bangladesh.  

 

 

 

Figure 20: Load curve on August 29, 2011 in Bangladesh. (BPDB, 2011) 

 

In Bangladesh, IPPs help the power sector in improving the energy security. Load 

shedding problem has improved ever since more IPPs got involved in the market. IPPs sell 

electricity to BPDB. IPPs tops BPDB’s electricity purchase chart during the financial year 

2017-18. There were also 7,148 MW capacity of new under construction IPPs projects in 

Bangladesh. (BPDB, 2018) 

The TSO maintains the power balance of Bangladesh. Under the electricity grid code 2018, 

PGCB has the responsibility of monitoring the frequency deviations. Upon detecting any 

frequency deviations, PGCB then takes required action to maintain the frequency on its 

usual range between 49.5 Hz to 50.5 Hz. (BERC, 2018) 
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The table 4, provides information about structural information of the power sector in 

Bangladesh. 

Table 4: Bangladesh power sector facts (MPEMR, 2019) 

Generation Capacity 22,562 MW 

Highest Generation 12,893 MW 

Transmission Line 11,650 Circuit km 

Distribution Line 5,42,000 km 

Electricity access 94% 

 

Bangladesh government’s aim for the power sector is to provide access to electricity to all 

people of the country. There is shortage in state-owned energy services and the private 

businesses distances their involvement because of ineffective pricing strategies and 

bottlenecks.  When Bangladesh got independence in 1971, only 3% of the population had 

access to electricity. This rate has increased to 59.6% in 2012. (Islam & Khan, 2016) Now 

less than a decade later this rate is 94% as of October 2019. It has been a rapid 

development but there are still some rural areas, mostly in the country’s southeastern 

region, where many people are yet to have electricity access. (MPEMR, 2019)  
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Table 5, gives information about different fuel types and their capacity installed in 

Bangladesh. The percentage of the share shows a clear view of utilized energy resources.   

Table 5: Installed Capacity based on fuel type (BPDB, 2018)  

Fuel Type Capacity (MW) Total (%) 

Gas 9413 61 

Furnace Oil 3443 22 

Diesel 1380 6.49 

Import 660 4 

Coal 524 3 

Hydro 230 1 

Solar PV 3 0.1 

Total 15,953  

 

Natural gas is the main source of energy generation in Bangladesh. As of 2018, gas has 

most of the installed capacity with 9,413 MW. This is 61% of the total installed capacity. It 

is followed by furnace oil that has 3,443 MW (22%) of installed capacity. During the year 

2017-18 there is also import of 660 MW (4%). It is from India via the interconnected 

network of Bheramara - Tripura. (BPDB, 2018)  

 

3.2.2.1. Metering Infrastructure 
 

Bangladesh uses two types of metering system. One is prepaid metering system and the 

other is post-paid metering system. Bangladesh power sector faces about 5-7% of 

electricity loss in the metering side. Illegal connection and many customers influencing the 

meter reading are the main reasons behind the loss. The prepaid metering was recently 

introduced to overcome this problem. This prepaid metering system in Bangladesh is a 

joint venture between BPDB and KfW Entwicklungsbank. (Power Division, 2019) 
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In the prepaid metering system, the customers buy the energy credit in advance and store 

the credits in their prepaid metering system card. As they continue to consume electricity, 

credit also continues to get deducted. Once it comes down to zero credit, then the 

electricity will be cut-off automatically. Consumer is then required to purchase metering 

credit to resume their electricity consumption. There are vending stations where customers 

can purchase the metering credit. (Power Division, 2019) 

 

The other system is the conventional post-paid metering system, where the customers pay 

their consumption fee at the end of the month based on their monthly consumption. 

Majority of the metering is still this type. Paying the fee in this system is mostly a hassle in 

Bangladesh, because of the long queues during the payment period. (Power Division, 

2019) 

 

The prepaid metering system has solved the payment hassle of the post-paid metering 

system for customers and the power companies also reduced the amount of metering loss. 

(Power Division, 2019) 
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4. INTRODUCTION TO CASE TECHNOLOGIES 
 

4.1.  Battery Energy Storage System 
 

Battery energy storage system (BESS) is a technology that is used for storing electric 

charge via rechargeable battery systems. The main concept of BESS technology is that, 

energy is stored in a battery during off-peak hours and then it is utilized during time of 

high demand. This technology provides great flexibility in an electricity market. BESS 

technology is not only growing into popularity, but it is also becoming a necessity with the 

rapid development of renewable energy technologies all over the world. Solar and wind 

energy are two of the most promising resources among the renewable energy technologies 

and both of these have the intermittency challenges. BESS technology is very important to 

properly utilize theses resources and support the electricity market to meet the demand 

during high peak hours. (Tikka, et al., 2018) 

 

The following figure 21, shows the basic concept of BESS technology. Here, EMS is 

energy management system and TMS is thermal management system. 

 

 

 

Figure 21: Concept diagram of BESS (Hesse, et al., 2017). 

 

There are many types of batteries used for BESS technology. Lithium-ion (Li-ion) 

batteries, Sodium–Sulfur (NaS) batteries, Flow batteries, Lead-acid batteries are all used 

for BESS technology. Among them Li-ion batteries are the most commonly used for 

energy storage system and these are also the most efficient ones. Li-ion batteries round-trip 

efficiency are almost 100% (ADB, 2018). 
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Li-ion batteries are formed from the chemical components of cathode, anode and 

electrolyte. During the discharging time, ions move from the direction of anode to cathode 

that results onto generating electricity. The ion moves the opposite direction during the 

charging time of battery. There are many types of Li-ion batteries. Lithium cobalt oxide, 

lithium manganese oxide, lithium nickel manganese cobalt oxide, are few of them. (Devic, 

et al., 2018) 

 

The following table illustrates the characteristics of different batteries. 

 

Table 6: Different types of batteries and their characteristics (ADB, 2018) 

Battery Type Energy density 

(kW/kg) 

Round Trip 

Efficiency (%) 

Life Span (years) 

Lithium-ion (Li-

ion) 

150 - 200 95 10 - 15 

Sodium–Sulfur 

(NaS) 

125 - 150 75 - 85 10 - 15 

Flow 60 - 80 70 - 75 20 - 25 

Nickel–Cadmium 

(Ni-Cd) 

40 - 60 60 – 80 5 - 10 

Lead Acid 30 - 50 60 - 70 3 - 6 

 

Li-ion has the highest round trip efficiency (95%) and close to it is sodium-sulfur (75% - 

85%). The cycle life of Li-ion batteries at 80% depth of discharge (DOD) is about 3,000 

cycles (Ogunniyi & Pienaar, 2017). And, for sodium-sulfur batteries the cycle life is 4,500 

cycles (Nikiforidis, et al., 2019). 

 

The BESS technology can be utilized for different needs of the stakeholders. Black start, 

peak shaving, voltage control services and frequency control services are some of the 

operations that BESS technology can provide flexibility. This thesis paper evaluated the 

frequency control ancillary services with different BESS system. Many factors influence 
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on the successful operation of this technology. The market infrastructure, participation 

procedure, the regulations, battery costs and efficiency are few factors that determine the 

operation. The two case countries are in different situations in terms of market 

infrastructure. Australia has the frequency control ancillary services market where BESS 

can participate, whereas Bangladesh are yet to introduce this types of services into the 

market. 

 

The following figure shows different time duration pattern of BESS technology. 

 

 

 

Figure 22: BESS technology utilization diagram (ADB, 2018) 
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4.2.  Demand Response 
 

Ensuring energy security and supplying stable energy during peak hours is a big challenge 

in electricity market. Demand response (DR) can be a solution here. It is a flexible system 

in electricity market that can be utilized to lower the peak hour consumption. In DR 

technology, customers take action on their consumption patterns based on the electricity 

prices or other signals provided to them in order to meet the demand and supply. The 

customers can either decrease electricity usage during peak hours or they can shift some of 

their pattern from peak hours (when the electricity price is high) to off-peak hours (when 

the elelctricity price is comparatively lower). For example, customers can adjust their 

usage for the likes of washing machines, dishwasher, air conditioners from peak-hours to 

off-peak hours in response to high electricity prices. Energy providers are one of several 

businesses who can organize DR and pay the consumers for decreasing their energy usage 

during peak hours. Sometimes they also pay some extra payment when they send signal to 

customers to reduce their energy usage and customers responds accordingly. (IEA, 2016) 

 

The following figure shows different types of strategy in a demand response.  

 

 
 

Figure 23: Demand Response strategies (IEA, 2016) 

 

If an electricity market has abundance of renewable resources like wind and solar energy 

generation then valley filling is a good form of DR strategy. The consumption is shifted 

during those renewable energy generation hours in a valley filling operation. Peak Clipping 

means the utility load reduction during peak hours. Peak Clipping results in to less amount 
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energy consumption during high demand time. Load shifting is another type of DR 

operation where customer consumptions are shifted from peak hours to off-peak hours. 

(IEA, 2016) 

 

DR technology is beneficial to all the stakeholders in an electricity market. The 

transmission companies can achieve system level balance and frequency control from DR 

mechanism. The retailers secure balance management between their purchase and sale, 

control pricing structures and explore further business openings. Whereas the distribution 

companies use peak cutting during different situations and apply DR mechanism as an 

alternative of back-up lines. Lastly the consumers can save some money on their electricity 

purchase and also have the possibility of getting additional payment. DR can ensure the 

energy security, maintain the competitiveness of the market and solve climate issues along 

the way. (Järventausta, 2015) 
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5. ANALYSES OF THE BUSINESS CASE OF BESS IN 

SELECTED MARKET 

 
5.1.  Australia 

 

5.1.1. BESS Technology 

 

The business case analyses of BESS technology for the Australian electricity market is 

done based on the FCAS lower regulation service market data from October 21, 2019 to 

October 27, 2019. All the prices mentioned in this analyses section are in AUD. Four 

battery energy storage systems are evaluated. Three of them operates on the FCAS lower 

regulation service market, but for the analyses purpose it is estimated that all four BESS 

technologies participate on the market.  The selected BESS technologies are: 

 

 Hornsdale power reserve project in South Australia, 

 Gannawarra energy storage system in Victoria, 

 Ballarat energy storage system in Victoria, and 

 Lake Bonney battery energy storage system in South Australia. 

 

Hornsdale power reserve project is, Tesla’s lithium-ion battery energy storage system 

located in South Australia. This is a 100 MW / 129 MWh battery system, and it takes about 

75 minutes to fully discharge. It is owned and operated by French company Neoen. The 

total investment cost of this project was about 90 million AUD. This system operates on 

the FCAS markets and has a quick response time. (Barker, 2019) 

 

Gannawarra energy storage system (GESS) is a lithium-ion battery energy storage system 

situated in Gannawarra, Victoria. It is a 25 MW / 52 MWh battery system that has started 

operating from January 2018. This system is yet to be registered in the FCAS market. The 

investment cost of the system was 41.19 million AUD. (Edify Energy, 2018) 

 

Ballarat energy storage system is a 30 MW / 30 MWh battery storage system in Ballarat, 

Victoria. This system commenced its operation from January 2018. The investment cost of 

the system was 19.93 million AUD. The associated companies with this system are 

Spotless, Nuvo Group, AusNet Services. (ARENA, 2019) 
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Lake Bonney Battery Energy Storage System is a Tesla battery system in Mount Gambier, 

South Australia that has started operating from August 2018. It is a 25 MW / 52 MWh 

system that has fast response and it operates in the FCAS regulation market. The 

investment cost of the system was 41.6 million AUD. (Infigen, 2018) 

 

The following figure shows the FCAS regulation lower service prices from October 21, 

2019 to October 27, 2019. 

 

Figure 24: FCAS regulation lower service prices (21.10.2019 to 27.10.2019) 

 

The figure 24, shows variation in peak hours throughout the week. The maximum peak 

price was recorded on Saturday, 20 October at 08:30, where the price was 1.98 c/kWh. The 

lowest daily peak price was 0.42 c/kWh during Thursday, 24 October at 21:30. The whole 

week was evaluated to get the average peak price. It is resulted in 0.91 c/kWh of daily 

average peak price. Since the analyses of BESS technology requires the FCAS data for the 

whole year, an estimation was made based on the assessment of the selected week. It is 

assumed that, the price pattern remains the same during a whole year. 

 

Equation (1) is used to calculate the price for using the battery (charging and discharging 

energy) of the selected BESS technologies (Tikka, et al., 2018).  
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        PriceKWh =
CostKWh.Capacity(DOD100%)

NCycles.Capacity(DOD100%).ηRT
                                          (1)         

Here, 

CostKWh Unit cost of the battery capacity [AUD/kWh] 

Capacity(DOD100%) Total usable capacity of the battery [kWh] 

NCycles Cycle life with a full depth  

ηRT Round-trip efficiency of the battery (charging/discharging) [p.u.] 

 

All four of the BESS systems here utilize li-ion batteries. The cycle life is 3,000 and the 

round-trip efficiency is 95%. The capacity and cost per kWh of the batteries are taken from 

the specification of each batteries. The average price per kWh is calculated and it is 0.261 

c/kWh. The highest price is of GESS with 0.289 c/kWh and the lowest is for Ballarat with 

0.233 c/kWh.  

 

The figure 25, presents the costs of using the selected four batteries. 

 

Figure 25: The price per kWh of the four BESS technologies 
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Annual revenues are calculated using the equation (2) (Avendano-Mora & Camm, 2015). 

      

Annual Revenues = Capacity * Price * Hours                    (2) 

Here, 

Capacity = BESS capacity in kWh 

Price =  Average peak price (0.91 c/kWh) 

Hours =  Total operating hours in a year 

 

During the calculation, the average peak price of the FCAS lower regulation services is 

used. It is assumed that, this is the price that the BESS technologies are going to operate. 

The operating hours per day is assumed to be 1 hour for each BESS technologies. 

 

Equation (3) is used to calculate the payback period (Avendano-Mora & Camm, 2015). 

 

              Payback period = 
Cost of Investment

Annual Revenues
                                                  (3) 

Here,  

Cost of Investment = Investment cost of the BESS technologies 

Annual Revenues = Results from equation (2) 

 

The BESS technology is a necessity now to have flexibility into electricity market. The 

decreasing battery prices are making it a financially beneficial system. In Australia, the 

market infrastructure also supports the BESS involvement. The payback period analyses 

show that, the Ballarat energy storage system would pay back the investment after two 

years’ time. All four BESS technologies return the investment within two and a half years. 

This is a very profitable return considering the high investment cost. 

 

Equation (4) is used to calculate the profit margin. It is calculated for 10 years duration. 

The result is an aggregate profit margin. The profit margin of the first year is used to 

calculate the profit margin for 10 years. It is assumed that, the profit margin is going to 

continue at the same rate each year. 
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      Profit margin = ∑  (Revenue𝑡  −  𝑂𝑃𝐸𝑋𝑡)
10

𝑡=1
 - Investment Cost           (4)                      

 

Here, 

Revenue= The results from equation (2) 

OPEX= All the operational costs for a year 

Investment Cost= Investment cost of the BESS technologies 

 

The figure 26, presents the return of the investment in terms of years. 

 

 

Figure 26: Payback period of the four BESS technologies 
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maintenance, taxes, management and electrical losses (Alaperä, et al., 2019). In the yearly 

profit calculations, OPEX is estimated for each of the four BESS systems based on 

(Alaperä, et al., 2019). On the analyses, OPEX were projected about 32,000 Euros for a 2 
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AUD. The OPEX for these analyses can be seen from table 7. 
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The table below shows the BESS system and their estimated OPEX in AUD. 

Table 7: Estimated OPEX for the selected BESS 

BESS System Estimated OPEX (AUD) 

Hornsdale 100 MW / 129 MWh 2,600,000 

Gannawarra 25 MW / 52 MWh 650,000 

Ballarat 30 MW / 30 MWh 780,000 

Lake Bonney 25 MW / 52 MWh 650,000 

 

These values from table 7, are used on the equation (4) to calculate the profit margin of 

each technologies. The profit analyses are measured for each year during a 10 years’ time 

period. Based on the profit margin analyses results, Tesla Hornsdale power reserve is 

expected to make the maximum profit after 10 years and comparatively lowest profit is 

expected to be by Ballarat energy storage system. The figure 27, shows that the investment 

cost is recovered within two and a half years for each BESS system and from there the 

system continues to make profit. 
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The following figure shows the aggregate profit margin of each BESS technologies within 

10 years’ time period.  

 

 

Figure 27: Profit margin of the selected BESS technologies 

  

The analyses of the business case of BESS technologies on the Australian electricity 

market shows that it is a profitable business. The investment cost of the technology is 

getting returned within around two and a half years of the system commencement. BESS 

also reduces the cost of the ancillary services.   
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on three major 275 kV transmission lines (AER, 2018). Tesla and Neoen partnered to build 

the Hornsdale power project that was established to prevent these blackout events 
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energy security and reliability (Barker, 2019), meanwhile making good return on the 

investment. 
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5.1.2. DR Technology 

 

Australian electricity market already utilizes the DR technology. They have an existing 

metering infrastructure that supports this technology. Australia performs DR function by 

using a mechanism where Demand Response Aggregator (DRA) are structured to perform 

the operation. A DRA can be a generator or retailer that are registered as DRA to join the 

market. The consumers do their businesses either through a DRA or they can themselves 

be a registered DRA as well. (AEMO, 2013) 

 

This system is developed around a DRA. AEMO is informed by the DRA about an 

impending load reduction that constructs a Demand Response Interval (DRI). The baseline 

energy (BE) required for the interval is then determined by AEMO. This energy gives an 

indication of the demand if the market was operating without any DR mechanism. BE 

arrangement process is specified by a baseline consumption methodology (BCM). They do 

it by the help of a customer’s National Metering Identifier (NMI) who provides a unique 

identifier for every single connection point within the NEM region. (AEMO, 2013) 

 

Then during the settlement period, they compare the difference between the measured BE 

and actual used energy. This enable to unbundle the DR energy from the energy usage if 

there was no DR mechanism. (AEMO, 2013) 

 

The figure 28, gives good idea of how AEMO operates their DR mechanism. In this 

system, the DRA get some payment if BE is more than the actual energy usage, but they 

get charged if the opposite is happened. Then DRA pays the customers for their DR 

participation. The amount of payment depends on the business agreement between them. 

Here, retailers pay for energy consumption according to NEM spot price which they 

recover from the customers. (AEMO, 2013) 
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Figure 28, illustrates the demand response mechanism in Australia. 

 

 

 

 

Figure 28: DR mechanism in AEMO (AEMO, 2013) 
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5.2.  Bangladesh 
 

5.2.1. BESS Technology 
 

The Bangladesh electricity market lack of market mechanisms to integrate BESS 

technology into the system. The analyses in this section is done based on evaluation of the 

existing electricity market infrastructure in Bangladesh.   

 

The country has good solar energy and wind energy potential, but the market is dependent 

on Natural gas. Bangladesh electricity market lacks ancillary services market where BESS 

technologies can participate and integrate flexibility into the system. The Australian market 

analyses is a good example of the technical and financial benefits of BESS technologies. 

Bangladesh is vulnerable to natural disasters. These events and sometimes the loss of 

generating units cause major black out events. The most developed region of Bangladesh, 

the capital city Dhaka encountered one major blackout event on November 2014 due to the 

excessive electricity supply from India that resulted into system failure of the national grid 

(Rokonuzzaman & Hossam-E-Haider, 2014). It took almost a day to solve the problem and 

get back to normal operating condition (Shonchoy, 2017). Events like this can be 

prevented through ancillary services market where BESS technology can participate. 

 

BESS also offers a cost-effective solution to Bangladesh government. The country imports 

electricity from India. Instead it can build more solar power plant in some big cities where 

the electricity demand is higher. As for wind energy, the Chittagong region of Bangladesh 

is favorable for building new projects (Faijer & Arends, 2017). This is a potential solution 

for maintaining the power balance of Bangladesh utilizing the country´s own energy 

resources. BESS can support the intermittent nature of both solar and wind system.  But 

before that, there must be an introduction of ancillary services market. 

 

 

5.2.2. DR Technology 

 

Bangladesh electricity market needs to develop their infrastructure to implement the DR 

technology into its market. The smart metering system is a must to implement DR 

technology. The customers get the signal of peak hour prices via signals provided using the 
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smart meters. But Bangladesh are yet to operate smart meters. Instead they use two types 

of metering system known as post-paid metering system and pre-paid metering system.  

 

In the recently introduced prepaid metering system, the customers buy credits from 

vending services based on their estimated consumption for a fixed time period. If their 

consumption is more than the estimated amount, their connection will be lost upon 

crossing the credit limit and the customers are then required to top up their metering credit 

to get their connection back. (Power Division, 2019) 

 

The DR technology in Bangladesh are still at the planning stage. Majority of the electricity 

consumers are residential customers. Most of them are not even aware of the peak hours 

and do not have the incentives to either change or shift their consumption pattern to off-

peak hours. The peak hours in Bangladesh are from 17:00 to 23:00 (BPDB, 2018). This is 

different from many countries where peak hours are normally during early morning. 

  

Bangladesh has good daylight throughout the year and the building structures also supports 

energy efficiency as sunlight can enter through the windows. But during the usual peak 

hours (17:00 to 23:00), the consumption rate increases due to the time period when there is 

no sun light and shopping malls become busy. The DR technology can balance the demand 

and supply in this situation. But the metering infrastructure do not support this operation. 

During times of difficult circumstances load shedding occurs to balance the load (Biswas, 

et al., 2016). 

 

BPDB has recently taken many Demand Side Management (DSM) initiatives to keep load 

shedding at a low rate. They are raising awareness among the customers to reduce their 

consumption during peak hours. Shopping malls are encouraged to close at 20:00. And, the 

residential customers are advised to switch of the lights, televisions and air conditioner 

when they are not is use. This has resulted into peak load shifting of about 400 MW. 

Industrial users who operate in two shifts are told to move their usage to off-peak hours. 

There is now a load management committee making sure of load distribution for 

agricultural usage. (BPDB, 2018) 
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6. DISCUSSION 
 

6.1.  Current study 
 

The FCAS market data and the selected four BESS technologies are taken from the 

Australian electricity market. There are some simplification being made during the 

analyses. There are eight markets for FCAS operation in NEM. Two are FCAS regulation 

services market (regulation raise and regulation lower) and others are contingency services. 

The analyses was done only for the FCAS lower regulation services market but BESS can 

participate in other FCAS markets as well. The data was taken from one week and it is 

assumed that the market data remains same throughout the year. The current market 

infrastructure in Australia supports both the BESS and DR technologies. The Tesla battery 

in South Australia has responded well to support the system to avoid blackout events 

(Parkinson, 2019). The business case analyses show the selected four BESS technologies 

are profitable. There are other ongoing projects on BESS systems in Australia. Based on 

the evaluation of this thesis, it is assumed that the other BESS projects are performing 

similar way. This technology can be integrated into the Bangladesh electricity market. But 

the lack of market mechanisms prevents it. In Bangladesh, DSM is used to maintain the 

balance but there is no smart meter to operate DR technology. 

 

 

 

6.2.  Future work 
 

The Bangladesh electricity market needs to introduce ancillary services market. The BESS 

technology will provide great value in the electricity market of Bangladesh. The metering 

infrastructure needs to improve as well. Once they bring in smart meters into the market, 

they can operate the DR mechanism. This will help them maintain the power balance in the 

future.  

 

And, as for the BESS technology, as the battery prices continue to fall, it is going to be 

even more profitable in the future. The investment is large in BESS but as the analyses 

showed that on Australian market, within two and a half years’ time the BESS project can 

start generating profit. This trend is going to continue with the continuous ongoing 

development.   
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7. CONCLUSIONS 
 

The flexibility incentives on the electricity markets of Australia and Bangladesh via the 

BESS technology and DR technology were the main objective of this thesis. The existing 

electricity market assessment of both countries showed that, Australia has the existing 

market infrastructure to use and benefit from the technologies whereas it is the exact 

opposite scenario in Bangladesh. Four BESS cases were selected for the analyses of the 

Australian electricity market (Hornsdale power reserve project, Gannawarra energy storage 

system, Ballarat energy storage system and Lake Bonney battery energy storage system). 

The FCAS lower ancillary services market was evaluated to analyze how these four BESS 

technologies can participate there and what is the profitability of it. One-week market data 

from October 21, 2019 to October 27, 2019 was used to estimate the peak price for the 

whole year. The price was 0.91 c/kWh which is the daily average peak price of that week. 

The annual revenue, payback period and profit margin for a 10-year time period were all 

calculated to find out the business case scenario of BESS. The results showed, the 

investment cost would return within two and a half years. Then from the next year, the 

BESS systems continue to make profit. BESS can help Bangladesh electricity market to 

maintain the power balance, avoid system black out events and it can help them reduce 

their electricity import from India. 

 

The DR technology requires smart meter, so that the customers can get signals about the 

peak hours and also to validate the DR actions. Once the customers know about the higher 

prices of peak hours, they can adjust their consumption pattern. In Australia there is an 

existing system that help them perform the DR mechanism. Whereas in Bangladesh, there 

is no smart metering system and as of now Bangladesh do not utilize DR technology. 
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APPENDICES 

Appendix A. Battery Specification 

 
The prices in this table are in Australian Dollar (AUD). 
 

 Hornsdale 

Power 

Reserve 

Gannawarra 

Energy 

Storage 

System 

Ballarat 

Energy 

Storage 

System 

Tesla Lake 

Bonney 

Battery Type Li-ion Li-ion Li-ion Li-ion 

Capacity 

(KWh) 

129,000 50,000 30,000 52,000 

𝐂𝐨𝐬𝐭𝐊𝐖𝐡 

(AUD) 

690 823.8 664.3 800 

Cycle life 3000 3000 3000 3000 

Efficiency 

(%) 

95 95 95 95 

𝐏𝐫𝐢𝐜𝐞𝐊𝐖𝐡 

(C/KWh) 

0.24 0.289 0.233 0.281 
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Appendix B. FCAS price data 

These are FCAS regulation lower control services price data from 21 October 2019 to 27 

October 2019. 

Time/Date 

21.10 

Mon. 

22.10 

Tue. 

23.10 

Wed. 

24.10 

Thurs. 

25.10 

Fri. 

26.10 

Sat. 

27.10 

Sun. 

00:00 0.43283 0.13596 0.61987 0.08618 0.15833 0.27486 0.16797 

00:30 0.42934 0.04525 0.34921 0.1465 0.15847 0.19 0.31261 

01:00 0.42872 0.21794 0.22625 0.17935 0.48594 0.17006 0.21076 

01:30 0.14488 0.28893 0.19 0.18199 0.16063 0.56092 0.03 

02:00 0.18185 0.98877 0.34357 0.05723 0.3941 0.50813 0.17502 

02:30 0.11653 0.18997 0.19 0.07 0.19 0.42448 0.14501 

03:00 0.22339 0.2173 0.19 0.11604 0.14767 0.41893 0.26768 

03:30 0.12201 0.10002 0.19 0.42657 0.35996 0.5179 0.19 

04:00 0.20218 0.18011 0.19 0.19 0.17753 0.36258 0.39291 

04:30 0.43816 0.17507 0.19 0.19 0.19299 0.53412 0.27307 

05:00 0.47749 0.50253 0.13279 0.14536 0.30283 0.35536 0.69102 

05:30 0.5081 0.3487 0.16672 0.23098 0.29678 0.16 0.21789 

06:00 0.42297 0.19 0.21254 0.17166 0.39038 0.20734 0.1635 

06:30 0.41057 0.19 0.14719 0.18663 0.14824 0.31268 0.19502 

07:00 0.14473 0.09988 0.07168 0.29026 0.11165 1.94323 0.56697 

07:30 0.07836 0.11 0.19169 0.18005 0.33921 0.53674 0.39914 

08:00 0.18396 0.07 0.28823 0.22672 0.1872 0.80469 0.06188 

08:30 0.61162 0.18859 0.16999 0.07232 0.38945 1.98812 0.35964 

09:00 0.42695 0.19 0.08332 0.03682 0.21529 0.16566 0.3789 

09:30 0.50102 0.07 0.07 0.17921 0.0988 0.58117 0.20411 
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10:00 0.3983 0.06323 0.47185 0.16516 0.16167 0.31908 0.1763 

10:30 0.50348 0.2279 0.19 0.1717 0.15831 0.25105 0.68563 

11:00 0.41265 0.33135 0.14784 0.15834 0.12736 0.12508 0.27699 

11:30 0.16 0.11518 0.10007 0.16 0.23768 1.19229 0.1649 

12:00 0.43053 0.35152 0.15267 0.19 0.44 0.41353 0.64634 

12:30 0.42501 0.18004 0.21198 0.42415 0.39512 0.06588 0.57866 

13:00 0.16319 0.22869 0.38532 0.03997 0.26395 0.53792 0.46444 

13:30 0.28272 0.19 0.16992 0.17258 0.35482 0.05805 0.43174 

14:00 0.41396 0.34754 0.24362 0.15315 0.15075 0.52393 0.39181 

14:30 0.41352 0.17502 0.73078 0.2224 0.17864 0.37525 0.235 

15:00 0.49911 0.30281 0.08347 0.18149 0.1583 0.24237 0.31349 

15:30 0.41817 0.11369 0.07167 0.20394 0.44 0.15667 0.2818 

16:00 0.44168 0.191 0.19 0.41817 0.44 0.16668 0.48877 

16:30 0.43946 0.18498 0.19 0.175 0.10315 0.31707 0.03 

17:00 0.16865 0.19 0.0692 0.19171 0.15669 0.22139 0.14905 

17:30 0.94596 0.30375 0.43406 0.18704 0.40988 0.52348 0.26361 

18:00 0.51345 0.19909 0.24953 0.07 0.16 0.43987 0.22873 

18:30 0.52306 0.19332 0.39712 0.07342 0.12092 0.6953 0.19 

19:00 0.38993 0.40633 0.17697 0.1734 0.30645 0.43878 0.27267 

19:30 0.43588 0.19 0.45246 0.17873 0.23001 0.43958 0.73468 

20:00 0.30418 0.19 0.2311 0.1617 0.44 0.44 0.03 

20:30 0.16 0.43147 0.22421 0.21418 0.47444 0.36891 0.29501 

21:00 0.33057 0.19 0.19 0.07 0.54261 0.42314 0.72933 

21:30 0.43948 0.36617 0.46515 0.42635 0.59282 0.45807 0.16 



 
 

75 

 

22:00 0.1078 0.61671 0.49147 0.26799 0.16052 0.16 0.16997 

22:30 0.39159 0.26846 0.2696 0.17001 0.08334 0.16 0.35687 

23:00 0.13684 0.27413 0.08438 0.07 0.28067 0.39743 0.19333 

23:30 0.14909 0.14524 0.2338 0.40935 0.44 0.16554 0.2736 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


