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Chapter 1  Introduction

1.1  Objectives of the study

The main objective of this study is to formulate a Master Plan (MP) for the attainment of stable
power supply in the People's Republic of Bangladesh up to year 2030 in consideration of the
diversification of fuel resources, including an optimum power development plan, power system plan,
and identification of the potential power plant sites based on the fuel diversification study. Therefore,
this study includes a comprehensive power development master plan where the study of the
fundamental conditions of the development (demand forecast, procurement of primary energy
resources, optimum power development plan, future optimum power supply structure including the
positioning of gas-fired power plants, and so on) are added. In addition, the necessary technology
transfer to the Counter Part (C/P) in Bangladesh will be carried out during the study.

1.2 Terms of reference of the study

1.2.1  Schedule of the study
This study for the Master Plan will be carried out over approximately two years from September

2009 to January 2011, a total of 17 months, including seven site surveys. A work schedule and work
process for each phase is shown in the following chart.

Vear/Month Fiscal Year 2009 Fiscal Year 2010
Sep Oct Nov Dec Jan Feb Mar Apr Mar Jun Jul Aug Sep Oct Nov Dec Jan
Phase 1: Basic Suryey
Phase R: Primgry Energy Balance Scenario
Phase
Phase 3: Power Supply/System Plan
Phase 4: Master Blan
Domestic

hesy 2nd 3rd 4th 5th [6th ) [7h)

Site survey| [0 [0 p o [50) o> [
Report W 1st Year Completion Report W w m

Source: PSMP Study Team
Fig. 1-1 Schedule

1.2.2 Basic work flow
As shown in the basic work flow in Fig. 1-2, the study has been categorized into four phases. The
Study will be carried out in close cooperation with each work area to formulate the comprehensive
Master Plan on power supply development. In addition, a dissemination workshop will be held at
each study stage to reflect the opinions from relevant organizations.
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Phase 1 ‘ ‘ Review on existing basic plan, policy and information ‘ ‘
Basic Survey Chap. 2.3
[('m\l Development Policy
N N Electricity Tariff Coal Transportation (Infra Network Capacity)
[\)““"“‘"’d' EC‘”"""“"' Plan Renewable Energy Development
Power Suomts Development Plan || Other donor's Cooperation
Power Syt plan T Environmentally Social related Law -
er Syste Regulations Natural Gas Development Plan
i
Phase 2 Clap 4 Cups T+ =
Chap. 6
Primary Ener: Domestic fmport ' Ntural Gas oil enewable Energy
ry gy Coal Coal atural Gas i Renewable Energy
Balance
T

Drawing up the Primary Energy Scenario
T
|

Chap. 7
Phase 3 L Chap. 8 4&]/ Chap. 9

Power Supply {Lang - term Power Demand Forecasl]
System Planning

i\ Development Plan Transmission Analysis

[Reliabilily Criteria / Design Slandard]

Power Supply

v simulation Analysis (PSS/E)
(PDPAT II)
Renewable Energy Development /
International Grid Connection
Chap. 10
‘ Financing for Materialization of the Master Plan ‘ ‘
J
Chap. 11
Phase 4 ‘ ‘ ‘ Formulating Optimum Power Supply / Transmission Development ‘ ‘
Master Plan M
Chap. 13, 17

Further Review on first
Priority Projects

i Mine Mouth
‘ [ C;esc'}dl:;:i\{)n ] M} Coal-Fired Power
e Shortlist LN Station

Chap. 14, 15 Chap. 18 Chap. 12

(Priority Order)  [T°CA Import Coal-Fired
Economic / Financial Social Power Station
8 Institutional
chap. 16
L

Chap. 19 W

( Recommendation of necessary technical support (Proposal) )
N

‘ ‘ Final Report ‘ ‘

Source: PSMP Study Team
Fig. 1-2 Basic Work Flow

1.2.3 Counterpart organization

B Ministry of Power, Energy and Mineral Resources (MPEMR)
4 Power Division
v Energy and Mineral Resources Division (EMRD)
4 Power Cell
Economic Relations Division, Ministry of Finance
Bangladesh Power Development Board (BPDB)
Barapukuria Coal Mine Company Ltd (BCMCL)
Power Grid Company of Bangladesh (PGCB)
Dhaka Power Distribution Company Limited (DPDC)
Dhaka Electric Supply Company Limited (DESCO)
Rural Electrification Board (REB)
Bangladesh Qil, Gas Mineral Corporation (Petrobangla)
Electricity Generation Company of Bangladesh (EGCB)
Ashganj Power Station Company Limited (APSCL)
North-West Power Generation Company Ltd (NWPGCL)
Geological Survey of Bangladesh (GSB)
Ministry of Environment and Forestry Affairs (MOE)
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1.2.4  Experts and respective area of the study
Expert list and its role of work are as follows:

(1) Expert list

Team Leader / Coal-fired Power Generation System
Sub-Leader/ Power Development Planning / Demand forecast
Renewable Energy Development

Coal Development/ Supply system A

Coal Development/ Supply system B

Natural Gas Supply System A

Natural Gas Supply System B

Natural Gas Supply System C

Civil/ Fuel Transportation

Coal-fired Power Generation System/ O&M Management
System

Power Transmission Line and Substation Facilities/
Power System Planning A

Power Transmission Line and Substation Facilities/
Power System Planning B

Economic/ Financial Analysis/ Organization Structure A
Economic/ Financial Analysis/ Organization Structure B
Environmental Management

Social Considerations

(2) Steering Committee (SC) and Task Team (TT) Structure

Nobuteru TAKEDA
Toshiyuki KOBAYASHI
Noboru SEKI

Hajime ENDO

Atsushi KAKIZAKI
Kiyoshi KATAOKA
Hideo MATSUSHITA
Chikanobu NAKAMURA
Genshiro KANO

Yoichiro KUBOTA
Shinichi FUNABASHI

Masaki KUROIWA
Atsumasa SAKAI
Yasuhisa KURODA
Takahisa ITO
Junko FUJIWARA

Based on the discussion with C/P, Steering Committee (SC) as decision making board and seven
Task Teams as discussion group at working level under SC are formed. The structure of SC and
TT is shown in Fig. 1-3. SC is held properly in line with the progress of the Study. The items
discussed within individual TTs are brought up at SC, shared amongst both parties, and made

decision.

2. Gas Demand
and Supply T/T

1. Coal Demand
and Supply T/T

Steering Committee (S/C)
Chair-person: Secretary of Power Division

7. Environment Management/

Social Considerations T/T Evaluation T/T

Source: PSMP Study Team

6. Economic and Financial

3. Power Development
Planning/ Power Demand
Forecast T/T

4. Power System
Planning T/T

5. Generation
Facility T/T

Fig. 1-3 Structure of Steering Committee and Task Teams
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1.3 Information sharing and cooperation with Development Partners
Throughout the first to the 5th site survey, the PSMP Study Team has endeavored to share its
information with the Development Partners (DP) and discussed the content of the study and the
principle by holding individual and joint meetings and attending the forum and official meeting
hosted by DP, including the following events.

B The first site survey: from Saturday, 3rd October to Friday, 9th October 2009, Explanation
of Inception report, TOR, schedule, principle of the report

B The second survey: from Wednesday, 28th October to Friday, 13th November 2009, track
record and progress of the power sector projects supported by DPs as a part of the study.

B The third survey: from Saturday, 30th January to Friday, 19th February, the first Seminar,
the report and discussion on the site survey and its findings

B The fourth survey: from Saturday, 3rd July to Friday, 23rd July 2010, the second Seminar,
the explanation and discussion of the Interim Report and its concrete context.

B The follow-up survey: from Friday, 3rd September to Tuesday, 7th September 2010,
discussion on the comments from World Bank

B The fifth survey: from Saturday, 2nd October to Sunday, 17th October 2010, the joint
discussion with DPs and governments regarding the official comments for Interim Report

1st year 2nd year
survey survey survey survey survey survey survey
October November February July September October
v v vy \AAA4 \ 4 \AAA AR A4
|
Explanation Site survey  The first The second Discussion  Joint/ The third Explanation
On seminar seminar on comment individual seminar on Final
Inception Report Progress Explanation from WB discussion  Explanation Report
Report on Interim Report with DP on Draft Final
Renort.

Legend: v Individual discussion with DPs

W Joint discussion or Forum/Meeting hosted by DPs

Fig. 1-4 The track record of the discussion with Development Partners

Individual Discussion Bangladesh DP meeting Joint meeting
(every survey) Development Forum (2010.7) (2010.10)
(2010.2)

Source: PSMP Study Team
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1.4 Seminars

14.1

The First Seminar

(1) Date: Wednesday 3rd February 2010, 10:00-16:00
(2) Venue: Lakeshore Hotel , conference room
(3) Outline:

1.4.2
1)
()
)

The first seminar was held at the Lakeshore Hotel conference room on 3rd February, 2010.
The seminar was composed of two parts; the first part was for those at the working level to
discuss the context of the survey, and second part was for about 40 persons from the
Additional Secretary of Power and Energy Division, DPs including ADB to explain the
purpose, principal, schedule, technical transfer and progress of this study. PSMP Study
Team and CPs from Bangladesh confirmed the direction of this study via a live discussion
during the question and answer session at this Seminar.

Source: PSMP Study Team

The Second Seminar

Date : Sunday 11th July 2010, 14:00-17:00
Venue: BPDB conference room

Outline:

The second seminar was held at the BPDB conference room on 11th July 2010. The main
purpose of the seminar was to explain and discuss the Interim Report. The Honorable
Adviser to the Prime Minister was attended as the representative of the Bangladesh
Government and discussed the primary energy scenario, power demand forecast, the
potential sites of the prioritized coal fired power station projects. Bangladesh CP and PSMP
Study Team jointly confirmed the direction of the Study hereafter.

Source: PSMP Study Team
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1.43 The Third Seminar
(1) Date : Monday 13th December 2010, 10:00-17:00
(2) Venue: Sheraton Hotel Ball Room

(3) Outline:

The third seminar was held at the Sheraton Hotel on 13th December 2010. The seminar was
composed of two parts; the first session for the high level officials and the second session
for the working level. The Honorable Adviser to the PM was attended as the representative
of the Bangladesh Government, and the Ambassador of Japan was also attended in the first
part, to discuss about outline of the Draft Final Report, and second part was for detail
discussion about each expert at the working level. PSMP Study Team and CPs from
Bangladesh confirmed the direction of this study via a live discussion during the question
and answer session at this Seminar.

Source: PSMP Study Team

1.4.4  Final Report Consultation Meeting
(1) Date: Sunday 30th January 2011, 10:00-13:30 (Lunch session after 12:00)
(2) Venue: Dhaka Sheraton Hotel Ball Room

(3) Outline:
Final Report Consultation Meeting was held at the Dhaka Sheraton Hotel on 30th January
2011. Secretary Power Division and related persons attended this meeting and discuss about
the treatment for comments of Draft Final Report, and the contents of Final Report was
shared to finalize the report.

Source: PSMP Study Team

1.5 Technical transfer

1.5.1 Technical transfer through Task Team meetings
During Task Team meetings, the technical transfer was proceeded by working analysis and
investigation together.
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Source: PSMP Study Team
1.5.2 Group training

(1) Power development simulation software (PDPAT) training
The group training for power development simulation software (PDPAT) was held by lecture style.

(1) Date: Saturday, July 10, 2010

(2) Venue: BPDB conference room

Source: PSMP Study Team

(2) Power system planning software (PSS/E) training
The group training for power system planning software (PSS/E) was held by lecture style.

(1) Date: Thursday, July 8, 2010 (Part 1), Monday, January 31, 2011 (Part 2)

(2) Venue: PGCB conference room

Source: PSMP Study Team
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Chapter 2  Viewpoints and Objectives of the Master Plan

2.1  Viewpoints and objectives of the Master Plan

When reviewing the Power System Master Plan (MP), the fundamental objective is to formulate the
Master Plan for the attainment of stable power supply by achieving the 3Es; Economic Growth,
Energy Security and Environmental Protection simultaneously. The government of Bangladesh set
the maximum target to reduce poverty in a period as swift as possible by achieving high economic
growth. Planning electrification via the stabilization and efficiency of the electric power supply
system can be expected to reduce poverty. This Master Plan will aim to promote development that
will provide a self-reinforcing cycle of poverty reduction and 3E simultaneous achievement. In
addition, this Master Plan will propose the vision in line with Government energy policy, and
stipulate 6 value-up plans to achieve the vision.

2.2 Structure of the Vision, Road map, Action plan and Target
The structure of the Vision, Roadmap, Action Plan and Target is shown in the following figure. The
Vision is proposed as Bangladesh’s long term strategic power development vision 2030. To achieve
this Vision, 6 value-up plans have been stipulated, where each value-up plans have their own targets
to achieve the plans. There are Action Plans to achieve the Targets, where each Action Plan indicates
the action agents and potential impact. The Roadmap shown in this chapter extracts the Action Plans
that will result in high potential impact, and describes the details.

Bangladesh Long Term Power Development Plan 2030

( — Action plan —+ Impact H
Action plan L Impact H
~ Action plan -|- Impact M
~ Action plan -|- Impact L
>

Source: PSMP Study Team
Fig. 2-1 Bangladesh Long Term Power Development Plan 2030

2.3 Vision Paper
The Vision Paper and associated value-up plans are shown as follows;
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Bangladesh Long-term power
development strategy

Source:  PSMP Study Team
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Source: PSMP Study Team
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ml To actively develop domestic primary energy resources

m To maintain domestic primary energy supply over 50%

To deal with Bangladesh’s rapid economic growth and the accompanying increase of electric power,
there is an urgent need to secure a source of energy that is essential to the economy and stability. The
active development of domestic primary energy resources is the best and realistic way to supply

energy resources.

The main domestic primary energy resources are domestic natural gas and domestic coal. As shown in
Fig. 2-2, domestic coal has been unevenly distributed in the Western part of Bangladesh, while natural
gas is located in the Eastern area. As shown in Fig. 2-3 and Fig. 2-4, domestic gas supply will be
expected to decrease in the near future, while domestic coal supply will increase. In the event that fuel
diversification advances during the later years, the Master Plan aims to acquire a 25% share of
domestic coal and a 20 percent share of domestic natural gas, and a 5% share of national hydropower
and renewable energy, thus ensuring the self-sufficiency of the primary energy resource to be over 50

percent by Year 2030.
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Fig. 2-3 Domestic gas supply scenario Fig. 2-4 Domestic coal supply scenario

(1) Domestic natural gas development
Action plans for domestic natural gas development are as follows;

B Re-evaluation of domestic natural gas reserve: to periodically re-evaluate domestic natural
gas reserve in order to forecast future gas supply and justify the development and work
over planning.

B Demand forecast for natural gas: to forecast the demand for natural gas on a rolling basis
in order to match natural gas production planning.

B Exploration and development of domestic natural gas: to explore and develop domestic
natural gas in order to enhance domestic natural gas production from new gas fields.

B Workover of existing natural gas field: to implement the work-over of the existing natural
gas field in order to enhance natural gas production from existing gas fields.

(2) Domestic coal development
Action plans for domestic coal development are as follows;

B Finalization of Coal Policy: to finalize the current draft Coal Policy and to formulate the
laws and/or regulations with regards to domestic coal development or coal mine
development.

B Implementation and evaluation of the pilot mining: to implement and evaluate the pilot
mine in order to judge the open cast mine feasibility, including the underground water
treatment, coal production rate, and social impact.

B Demand forecast for domestic coal: to forecast the demand for coal on a rolling basis in
order to match coal production planning.

B Building for the mine engineer training system: to build the mine engineer training system
in order to stand upon a self-reinforcing mine operation without dependence on foreign
country’s support.

B Considering the CBM and/or UCG technology: to consider the CBM (Coal Bed Methane)
and/or UCG (Underground Coal Gasification) technology in order to promote the
utilization of un-used or un-developed domestic coal.
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m To establish the power system portfolio by fuel diversification

m Fuel composition ratio as of 2030: coal 50%, natural gas 25%o, others 25%

As shown in plan 1, the Master Plan prioritizes the use of domestic primary energy sources. However,
in the case domestic energy supplies are not enough to fulfill the rapid demand growth for electricity
and natural gas, it will be necessary to tap into other power sources from outside the Bangladesh.

To achieve the best mix of energy supply including imported resources, it would be required to use
economical and stable power source in consideration of environmental protection. Especially coal will
be an important resource as the primary energy supply in Bangladesh hereafter, due to i) its price
stability and lower volatility compared with oil and natural gas, ii) longer reserve to production ratio
compared with oil and natural gas, and iii) its wide spread availability throughout the world and is
expected to be supplied stably, as shown in the following figures.
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Fig. 2-7 Production reserve ratio of each fuel Fig. 2-8 Resource reserve of each area

Reviewed by the International Energy Agency (IEA), while coal consumption in the world was 3,200
billion tons of oil equivalent (Mtoe) in 2007 (26% of primary energy), it will be 4,900 Mtoe in 2030,
more than a 50% increase (26% of primary energy). About 90% of increased 1,700 Mtoe can be
attributed to increased Asian consumption. The coal consumption share of Asia was about 60% in
2007, and about 70% in 2035. Asia will be center of coal consumption. OECD shares will decrease
from 36% in 2007 to 27% in 2035. On the other hand, shares of LDC will increase from 64% in 2007
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to 73% in 2035. It is projected that coal will play a major role among primary energy sources in the
next decade or so. *

When reviewing world power generation, coal use shares will not change significantly.” It indicates
that coal currently plays a major role in global power generation and this central role will still remain
for some time.

The major primary energy supply forecast in Bangladesh is shown in the figure below, where natural
gas supply will decrease after 2017 while coal supply will increase as an alternative source of natural
gas. In this Master Plan, the target composition of power supply as of 2030 is set at 50% for domestic
and imported coal, 25% for domestic and imported (in the form of LNG) natural gas and 25% for
other sources such as oil, nuclear power and renewable energy.
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Source: IEA World Energy Outlook 2009 Source: PSMP Study Team
Fig. 2-9 World primary energy balance Fig. 2-10 Bangladesh primary energy balance
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(1) Construction of imported coal power station
m  FS for imported coal power station: to carry out the FS for imported coal power stations

B DD for imported coal power station: to implement the detailed design reflecting the result
of the FS

! The Institute of Energy Economics, Japan 2010.04
2 IEA World Energy Outlook, 2009
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B Procurement for imported coal: to examine the method on how to procure imported coal as
this is the first time for Bangladesh to import coal by sea

B Establishment of the imported coal chain: to establish the imported coal chain, which
provides a seamless coal delivery system from the mine mouth in the exporting country to
the banker at the power station in Bangladesh

B Construction of a high efficient USC power station: to construct a high efficient power
station by utilizing USC technology in order to prevent global warming.

(2) Introduction of LNG facilities

B FS of the offshore LNG terminal: to implement a feasibility study for the offshore LNG
terminal.

B Procurement of LNG: to establish the LNG chain from the gas fields in exporting countries
to re-gasification.

B Construction of the offshore LNG terminal: to construct an offshore LNG terminal, if the
results of the FS are feasible.

B Consideration of the onshore LNG terminal: to consider the construction of the onshore
LNG terminal in order to establish a long term LNG supply chain

(3) Construction of the oil fired power station
B Establishment of an oil-fired power station (Rental Power) as an emergency measure: to
establish the oil-fired power station or Rental Power as an emergency measure for the short
term solution and to use them during peak demand periods for the long term

(4) Import the electricity generated by hydro power from the neighboring countries or joint
development
B There are huge potential of hydro power sources in the neighboring countries such as India,
Nepal and Bhutan so they can be utilized in the context of the South Asia Regional
Initiative (SARI) for joint development with Bangladesh and the countries of the region.

(5) Development of domestic renewable energy (wind and solar power)
B To develop wind and solar power as a domestic power supply source.
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To realize a low carbon society by introducing a high efficient power supply and low

CO2 emission technology

m To improve 10 points thermal efficiency on average

In order to lessen the coal power station’s environmental impact, it is essential to improve thermal
efficiency by utilizing the proven Clean Coal Technology that has been established in Japan.
According to recent coal-fired power station operations, the world class thermal efficiency (45%, LHV
basis) was achieved by using Ultra Super Critical (USC) technology as a part of the Clean Coal
Technology. By utilizing such technology in Bangladesh, great improvements of thermal efficiency
and contributions to reduce green house gas could be achieved, if compared with the situation by using
the sub critical technology (40%, LHYV basis) widely used in other Asia regions.

In addition, there are environmental measures other than global warming, such as the reduction of
NOx, SOx, and particulate matter. With regards to the comprehensive technology transfer regarding
the environmental protection and the promotion of the technology, it makes it possible to achieve 3E,
especially simultaneous environmental protection and economic growth, even through utilizing coal.
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Fig. 2-13  Efficiency improvement of coal fired power plant
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Fig. 2-14 Subcritical vs. USC (image)
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Source: PSMP Study Team
Fig. 2-15 Domestic coal fired power station bird’s eye view (B-K-D-P site)

Source: PSMP Study Team
Fig. 2-16 Imported coal fired power station bird’s eye view (Cittagong South site)

In line with the apparent curtailment of natural gas production, the improvement of gas utilization
efficiency has become an urgent matter. To prioritize gas supply for higher efficiency power plants is
practically necessary in order to improve the effectiveness of gas utilization in the whole power sector.
Therefore, during the construction of a new power station, including the demolishment of the old
power station, power expansion planning and system operation planning will be implemented in
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comprehensive consideration of the stability, environment, economics and operation, in line with the
introduction of the world’s class efficient combined cycle power station, and high efficiency and low
carbon emission thermal power technology.

(1) Higher efficient gas power station
B Higher efficiency of the existing gas power station: to achieve higher efficiency via the
re-powering of the existing power station.
B Construction of the combined cycle gas power station: to construct a higher efficient gas
combined power station, and to improve the total efficiency via the allocation of gas to a
higher efficient power station.

(2) Development of domestic coal power station

B FS for domestic coal power station: to implement the FS for domestic coal power station
by using Clean Coal Technology

B DD for domestic coal power station: to implement a detailed design reflecting the result of
the FS

B Construction of high efficient USC power station: to construct a high efficient power
station by using USC technology in order to prevent global warming.

B Consideration of large scale coal power station: while the initial capacity is 600MW,
however, the construction of the large scale power station (1000MW class) will be studied
after 2020.

(3) Reviewing O&M scheme
B To reviewing current O&M scheme, in order to reduce the number of unplanned starts and
stops, and to improve the load factor.
B To establish the USC O&M scheme.
B To establish the environment and safety scheme

(4) Energy conservation, Demand side management
B To rationalize the load dispatch by prioritization of gas allocation to higher efficient power
station in order to reduce CO2 emission.
B To rationalize the customer side by energy conservation and demand side management in
order to reduce CO2 emissions.
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m To build an infrastructure necessary for stable power supply under joint coordination

by the multi-sector

m To jointly build a deep sea port facility by power, industry and commercial sector

It is clear that the enhancement of power supply will be necessary in line with future power demand
growth. As a power supply related infrastructure, it is also necessary to develop a gas transmission
line, a fuel center, a deep sea port, a domestic waterway, a railway and so on. Vast amount of
investment is required to build these infrastructures. It is impossible for the power sector to bear such
huge investment alone. Hence, cooperation with other sectors such as industry and commercial
enterprises will be needed to achieve cost reduction and a synergy effect.

Commercial Sector .+* ""**eee,

Power Sector . ) 2

Source: PSMP Study Team
Fig. 2-17 Example of deep sea port development

(1) Construction of deep sea port
B As of today, the power sector, commercial sector and industry sector are individually
planning to develop the port. However, the multi-sector will harmoniously develop a deep
sea port where huge costs are required.

(2) Improvement of the power transmission system
B To improve the power transmission system in line with power supply amount growth
B To develop cross border power trading.

(3) Enhancement of gas transmission line
B To enhance the gas transmission line in line with domestic gas demand growth

(4) Construction of fuel center
B To enhance the gas transmission line in line with domestic gas demand growth
B Toimplement a coal center FS.
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B To construct a coal center.
B To jointly develop a fuel center (receiving facility for imported coal, LNG and oil) via
multi sector cooperation.

(5) Strengthening the domestic waterway
B To strengthen the domestic waterway via periodical dredging for internal ships from the
coal center to the power station.

(6) Strengthening the railway system
B To strengthen the domestic railway system in order to transport coal from the coal center
to the power station.

(7) Construction of Special Economic Zone adjacent to the deep sea port
B To construct Special Economic Zone adjacent to the deep sea port, where comprehensive
stable and reliable energy, not only power but also fuel, heat (steam) and water, will be
supplied to customers within the zone considering global environmental protection and
energy saving, when developing the commercial sector area in order to invite foreign and
domestic companies.
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To build an efficient and effective mechanism, organization and regulations for stable

power supply

As Bangladesh has less experience in dealing with coal power station development, the Master Plan
recommend to set up an organization for coal procurement, to strengthen the regulations leading to the
sure implementation of regular inspections, to prepare a lucrative investment environment by the
private sector, to impose levies for the plant and equipment investments, to create an investment
environment for the private sector and to establish an effective and efficient power market.

m To establish an organization for long-term stable fuel supply security

(1) Organization for coal procurement
As Bangladesh has less experience in dealing with coal power station development, the Master
Plan recommended to set up a new organization for coal procurement to smooth the way towards
its realization. The following figure is an organizational example of domestic coal procurement.
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Fig. 2-18 Example of the fuel procurement implementation system of coal fired power plant
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To formulate regulations for compulsory regular inspection of power stations by

leadership of government.

(1) Formulation of regulations for compulsory periodic inspection and repair of power stations.

So far there is no law or regulation for regular inspections, so that each generator independently
carries out its own inspection based on its own judgment. In reality, it is difficult to shut down the
plant due to a tight supply-demand situation for electricity and/or lack of inspection funds. This
creates a situation of non-stop operations until the equipment breaks down, which has a tendency
to lead to more severe damage and longer repair periods; a classic case of “break-down
maintenance.”

In order to ensure the implementation of regular inspections, the Master Plan recommends the
revision of existing rules and regulations, which enables the maintenance scheme to shift over
from break-down maintenance to time-based or condition-based maintenance to maintain the plant
at effective level.
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Fig. 2-19 Conceptual figure of maintenance management (level-wise)
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m To revise the tariff structure to recover maintenance costs and future investment for

plant and equipment

(1) Introduction of Power Development Surcharge into the power tariff

The current tariff is politically constrained so that it does not envisage funding for neither
appropriate maintenance nor future system expansion. While the prevailing tariff policy adheres to
the cost reflection. The Master Plan recommends that the tariff be revised to realize the cost for
necessary maintenance to maintain the plant condition at an appropriate level. It is also
recommended that the introduction of the power development surcharge into the power tariff be
conducted for the purpose of funding the development of the power system and/or energy saving
projects.

(2) Promation of private investment to realize the Master Plan
So far public funding has played a major role in establishing power system development, it is
recommendable to promote private investment and develop an environment that allows private
funding.

(3) To create an effective and efficient power market
In order to make the power sector more effective and efficient, the Master Plan recommends the
introduction of a competitive market where the customer can select power providers.
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m To reduce the poverty through the growth of socio-economy.

To promote the local community and mutual collaboration

According to the Human Poverty Index (HPI-1) by UNDP, the 36.1% index value, Bangladesh ranks
112th among 135 countries in 2007, and is the third worst in the entire Asian region after Afghanistan
and Timor-East. However, when looking at the HPI trend, the HPI-I for Bangladesh improved quickly
over the last recent years. The present poverty index of Bangladesh is slightly higher than that of
Indonesia and the Philippines 10 years ago. However, it is possible that Bangladesh could rank within
the middle range of countries on the HPI within several years, if the present economic growth
continues.
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Fig. 2-20 Human poverty index trend

(1) To spread stable and sustainable power supply
Stable and sustainable power supply will be essential for Bangladesh to continue economic growth
and switch the industry structure over to export processing. Power expansion planning and
transmission planning shown in the Master Plan should surely be implemented.

(2) To promote remote area electrification
Through power system expansion and power transmission development, the power system all over
Bangladesh will be enhanced, as a result, local electrification will also be promoted.

(3) To promote the local industry, associated employment opportunities and income increases
An ample amount of stable power supply makes it possible to expand into local industries such as
garments, developing industrial zones and free trade zones, which lead to massive long term
employment opportunities for people in the region. In the operation of power stations, 250 to 300
operators and engineers are required per power station. In addition, 1,000 personnel per day are
needed for the construction, 1500 to 2000 contractors per day for the regular overhaul and other
outsourcing resources for regular services are also required. When the construction of the power
station is implemented according to this Master Plan, 6,500 to 8,000 regular employees and 80,000
to 150,000 of non regular manpower will be required as a whole for the generation industry. These
people will be preferentially employed from within the local community. This momentum
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(4)

contributes to economic growth with macro-economic improvements which ultimately enhances
social and economic inclusion, integration of marginalized people and the reduction of poverty.

To promote mutual collaboration between the power station and the local community

For the construction and operation of the power station, the understanding and cooperation of the
local community is essential. For security reasons, power stations are normally isolated by a fence
so that land providers and local residents are not able to enter the power station’s property. In a
recent case in Japan, however, the green belt park, playground and swimming pool adjacent to the
power station are opened to local community to promote mutual collaboration and exchange
between the local people and power station personnel.

When introducing the coal fired power station, it is necessary to reduce environmental impact from
environmental equipment. In addition, it may be required to disclose measured data from pollution,
noise, vibration, land subsidence etc. to gain the understanding of the local community. It is also
recommended to employ local people and promote mutual collaboration between the power station
and the local community by using the power station’s facilities.

2-18



Power System Master Plan 2010

2.4 Road map and Action plan
A roadmap for the Master Plan regarding sound implementation guidance has been created based on
the discussion with counterparts and the PSMP Study Team. The roadmap indicates implementation
timing on short, mid and long term basis for each item and also indicates targets to be achieved, so
that the GoB is easily identify what and when the minimum requirements should be implemented by
whom. A certain implementation of activities in line with the designated roadmap by the designated
time frame is highly recommended.

For reference, an action plan with activities corresponding to this Master Plan is proposed in order to
achieve further good practice. Among activities on the action plan, which are described on the
roadmap, are highlighted with ID numbering. On the action plan, concrete implementation measures
in line with the corresponding references are expected for utilization for the GoB.
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law for stable power supply power tariff o |linspection at power station
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Action Plan

m To actively develop domestic primary energy resources
Phase . . . .
ID STV L Corresponding Action Plan Potential Impact Action Agents

DR-1 o 4.1 Finalization of Coal Policy Higl GoB
DR-2 [ O 4.2 Disision of mining method for 2nd slice idium GoB, Petrobangla
DR-3 [ O 4.2 Implementation of Pilot mining Hig Petorbangla
DR-4 0 4.2 Considering the CBM project Higl Petorbangla
DR-5 0 [4.2 Considering the UGC project Hig Petorbangla
DR6 [O0]|O|O0]42 Formulation of domestic coal scenario High Petorbangla
DR-7 O|lO| 0|45 Formulation of domestic coal price scenario Midium Petorbangla
DR-8 o 422 Building for the mine engineer training system High Petorbangla
DR-9 [e] 5.1 Formulate gas sector development Midium GoB
DR-10 [O] O | O [5.2 Re-evaluation of domestic natural gas reserve High GoB, HCU
DR11 |O|O|0O|[53 Demand forecast for natural gas High Petorbangla, GTCL
DR-12 | 0| 0| 0O [5.4,55 Formulation of domestic gas supply plan Midium Petrobangla
DR-13 |O]| O| O 56 Formulation of imported gas supply plan Midium Petrobangla
DR-14 O] O | O [5.7 Mid-long term gas evaculation plan High Petrobangla
DR-15 O] O | O [59 Forecast for natural gas price Midium Petrobangla
DR-16 |O]|O|0O|[59 Formulation of gas development plan Midium Petorbangla
DR-17 | O] O | O [14.3 Site sellection for domestic coal P/S High BPDB
DR-18 [e] 14.3 Implementation domestic P/S FS High BPDB
DR-19 [e] 14.2 Decision of domestic coal P/S spec High BPDB
4F To establish the power system portfolio by fuel diversification

Phase . . . .

ID STMIL Corresponding Action Plan Potential Impact Action Agents
ERD-1 | 0| O] O |43,44 Forecast for imported coal Midium Petrobangla/BPDB
ERD-2 [ O 4.5 Forecast for imported coal price Midium Petrobangla/BPDB
ERD-3 [ O 4.6 Forecast for domestic/import coal supply Midium GoB
ERD-4 [ O 5.1 Formulate of LNG introduction plan High GoB
ERD-5 0] O] O 6.1 Formulation of imported oil plan Midium BPC
ERD-6 [O|O[O[6.1 Formulation of oil supply plan Midium GoB
ERD-7 0] O] O 6.1 Formulation of oil price scenario um BPC
ERD-8 O] O | O (84 Formulation of oil P/S plan Higl BPC/BPDB
ERD9 |O0|O| 0|87 Formulation of renewable energy scenario H GoB
ERD-10 | O] O] O[6.2 Risk analysis of renewable energy Midium GoB
ERD-11 | O 143 Sellection of desing coal Midium BPDB
ERD-12 | O 143 Decision of imported coal transportation Midium BPDB
ERD-13 o 14.4 Decision of coal import by large vessel Midium BPDB
ERD-14 | O 4.4,17.3 DD for imported coal power station Higl BPDB
ERD-15 | O 14.3 Procurement for imported coal Hig BPDB
ERD-16 | O 13.3 Establishment of imported coal chain Hig GoB
ERD-17 | O 5.7 Decision of LNG facility spec Higl Petrobangla/BPDB
ERD-18 | O | O | O [14.3,14.4 Implementation of domestic coal P/S FS idium BPDB
ERD-19 | 0| O | O [14.3 Implementation of imported coal P/S FS Hig BPDB
ERD-20 | O] O | O [15.1 Planning for construction schedule Higl BPDB
ERD-21 0 [143 Considering large scale power plant Hig BPDB

ERD-22 [0 O] O[152 Estimation for P/S construction cost Midium BPDB
dr To realize the low carbon society by introducing high efficient power supply and low CO2 emission technology
Phase . . . .

ID STV L Corresponding Action Plan Potential Impact Action Agents
EEU-1 O] O O [11.3 Introduction of USC technology high BPDB
EEU-2 | 0] O] 0[121,12.2,12.3, Formulation of optimum power supply high BPDB
EEU-3 | O] O] O [14.2,143 Decision of P/S major equipment/layout high BPDB
EEU-4 | O 171 Establish P/S maintenance scheme high BPDB
EEU5 | O 171 Establish the USC O&M scheme BPDB
EEU6 | O 17.2 Establish the environment and safety scheme h BPDB
EEU-7 | O 8.3 Considering conversion to higher efficient gas P/S BPDB
EEU-8 | O 8.4 Considering construction of combined cycle gas P/S BPDB
EEU-9 010162 Development of domestic renewable energy BPDB
EEU-10 0] 06.2,19.6 Joint Development of hydor with neighbour countries BPDB
EEU-11 [O| O | O |75 Energy conservation, Demand side management BPDB
Plan 4 To build infrastructure necessary for power stable supply coordinated by multi sector jointly

ID 3 Pf:\a/lls T Corresponding Action Plan Potential Impact Action Agents

-1 O]0]0O|510 Enhancement of gas transmission line High Petrobangla, GTCL

1-2 Ol0]0O]l61 Construction of oil receiving facility High BPC

1-3 0| 0| O|111 Formulation of infrastructure construction road map High GoB

1-4 0| 0]|0|[112 Construction of deep sea port High GoB

I-5 0] 0] 0|[131 Construction of fuel center High BPDB, BPC, Petrobangla

1-6 0 133 Strengthening the domestic waterway High GoB

1-7 0] 0]0|[9.2 Improvement of the power transmission system High PGCB

1-8 0] 0] 0|[143 Strengthening the railway system High GoB

To build the efficient and effective mechanism, organization and law for stable power supply
Phase . . . .
ID STV T Corresponding Action Plan Potential Impact Action Agents
PN-1 | O 171 Legislation of the law for compulsory periodic inspection and repair at power station Hig PGCL
PN-2 (6] 17.3 Establishment of mine management section Hig GoB
PN-3 ofoO 10.5 Introduction of Power Development Surcharge into the power tariff Hig GoB
PN-4 (o) 10.1 Promotion of private investment to realize the Master Plan Hig GoB
PN-5 0| 0101 To create effective and efficient power market Hig GoB
JETN o reduce the poverty through the growth of socio-economy
Phase . . . .

ID STV L Corresponding Action Plan Potential Impact Action Agents
TFE-1 | O 8.8 To spread stable and sustainable power supply. High GoB
TFE-2 | O 2.3 To promote remote area electrification High GoB
TFE-3 0| 0]23 To promote the local industry and associated employment opportunity and income increase High GoB

Source: PSMP Study Team
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Chapter 3 Outline of Bangladesh

This chapter describes the outline of Bangladesh, the macroeconomics, demographic statistics,
household economy, and community system development, which are preconditions of this Master Plan.
Although the economy of Bangladesh has favorably been changing in recent years, it turns out that the
gas and electric power supporting the economic growth are insufficient. Therefore, the establishment
of an electric power infrastructure has become an urgent matter.

3.1 Outline of Bangladesh

3.1.1 Topography and population

Bangladesh is located in east of the Indian Subcontinent, and facing Bay of Bengal. Most of the
country is covered by the world largest delta, which was formed from three major rivers, the Ganges
River (Padma in Bengali), the Brahmaputra River (Jamuna in Bengali), and the Meghna River and
their branches, of which the source of the water is from the Himalaya Mountains. Most of the lands
are flat lowlands less than 9 meter above sea level, and hilly terrains are limited only in South-East
of Chittagong Hill Tracts (the highest peak: Tazing Dong 1280m) and Sylhet, North-East region of
the country.

Soil in Bangladesh is fertilized by nutrient carried with flood of three major rivers, which helps to
grow major agricultural products such as rice, jute and tea. Fishing and fishery farm in rivers and
ponds across the country are thriving. On the other hand, heavy rain and river water inflow from
upstream countries often cause wide-spread flood in rainy season, being covered by flood water
around one third of the whole country at peak time, which cause considerable damage to people in
Bangladesh and the country. In recent instance, the worst flood in Bangladeshi history happened in
1998, submerged two third of the country.

Land area of Bangladesh is 147,500 square kilo meter. The population in Bangladesh is regarded as
much as 144.50 million, thus the population density is very high, around 1,000 people in one
square kilometer. Mean annual growth rate of population is 1.39%, the same degree of India’s.

Major race, more than 98% of Bangladesh population, is Bengali, with some minority Buddhist
group, e.g. Chakuma and other ethnic groups, who live in Chittagong Hill Tracts near Myanmar
border. Official language is Bengali and literacy rate of adult (15 years old or above) reaches 52.5%.
(Human Development Report 2008) As for religion, the majority who believe in the established
religion is Muslim (89.7%), and the rest is comprised of Hindu (9.2%), Buddhist (0.7%) and
Christian (0.3%).2

3.1.2 Climate

Bangladesh is located near the tropic Cancer so that its climate is characterized by its tropical
weather, i.e. high temperature, high humidity and rain fall varied from season to season. In summer,
it continues high temperature from March to June, the maximum temperature during the season is
around 24 to 35 Celsius degree, sometimes 40 degree or above. It is monsoon season from June to
October, the temperature falls due to rain fall. It is winter season from October to March, however
the temperature is mild. The annual rainfall in Bangladesh is about 2,300 millimeter, and around
80% of it is concentrated from June to September.

Major characteristic of Bangladesh natural environment is that 80% of land area is located in
alluvial plain, which major rivers, Ganges River (Padma in Bengali), the Brahmaputra River
(Jamuna in Bengali) and the Meghna River, form. Along with the rain fall in Bangladesh naturally,

! tentative, July 2008, Bureau of statistic in Bangladesh
2 Bangladesh Census 2001, Japanese Ministry of Foreign Affairs home page
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80% of river flow comes from the rain fall in other countries, such as India and Nepal, and domestic
rain fall is attributed only 20% of total river flow. A large amount of rain fall water from upstream
countries of major rivers causes flood damage in large area of Bangladesh every year.

Natural phenomena such as flood, cyclone, tornado and bore, hit Bangladesh almost every year,
which causes not only transient damage but also secondary damage to the country such as
deforestation, soil deterioration, land erosion, and so on.*

3.1.3  Political system and government structure
Due to religious conflict between Hindu and Muslim as background, in 1947, Bangladesh once
became independent from United Kingdom’s colonial occupation together with present Pakistan in
the form of East Pakistan when India became independent from UK. Afterward, in 1971, East
Pakistan became independent again from Pakistan in the form of Bangladesh due to 1800km long
distance divided country to East and West, different languages, and other many contradictions.

Bangladesh had established the presidential system since its foundation in 1971. They revised the
Constitution in order to change the presidential system to the single chamber parliamentary cabinet
system (345 seats, 6 year term), when Bangladesh Nationalist Party (BNP) led by Madam Begum
Khaleda Zia came into power in 1991. At present, Parliamentary System of government prevails in
Bangladesh. The tenure of this system is five years. As part of that, His Excellency Mr. Md. Zillur
Rahman is the President of Bangladesh. He is the head of the state. Her Excellency Sheikh Hasina,
is the Prime Minister of the People’s Republic of Bangladesh since January 2009. She is the head of
the government.?

3.2 Macro economy of Bangladesh
3.2.1  Economic overview
(1) Economic overview
Bangladesh’s economy has grown steadily over the recent years. Its annual GDP growth rate has

been maintained at around 6% since the fiscal year 2003/2004, overcoming the world financial
crisis in 2008 (Fig. 3-1).
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Source:  Asian Development Bank (ADB) Key Indicators, Asian Development Outlook 2009 Update)
Fig. 3-1 Nominal annual GDP growth rate of Bangladesh

! The Preparatory Study for Project for the Study for Master Plan on Coal Power Development in People’s Republic of Bangladesh
2
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The World Bank estimates® that Bangladesh will join middle-income countries in or relatively
soon after 2016, though the country is presently categorized as low-income nation. In fact, the
nominal GDP per capita as of 2007 has doubled since 1975, soon after the country’s independence
year. According to the World Bank’s report, the country’s poverty rate has decreased to below
20 % in the 1990s. Its unemployment rate has also decreased from 30% to 4%. Table 3-1 reveals
the major indicators of the country’s macro economy

Table 3-1 Major macro economy indicator?

Fiscal year 2004/05 | 2005/06 | 2006/07 | 2007/08 | 2008/09

National account (Incremental rate to the previous year except notification)

GDP(Nominal: billion Taka) 3,707 4,157 4,725 5,458 6,149

Real GDP growth rate 6.0 6.6 6.4 6.2 59

Average inflation (CPI) 6.5 7.2 7.2 9.9 6.7
Saving/ Investment % of GDP

Savings 25.8 27.7 25.9 25.1 26.2

Investment 24.5 24.7 24.5 24.2 23.3

Saving-investment balance 1.3 3.0 1.4 0.9 2.9
Foreign account Billion US$

Export 8.6 10.4 12.1 14.2 15.6

Import 11.9 13.3 15.5 19.5 20.3

The share of workers’ 3.8 4.8 6.0 7.9 9.7

remittance in total trade

balance

Current balance -0.6 0.6 1.0 0.7 2.5

Foreign exchange reserves 2.9 3.5 5.1 6.1 7.5

International debt 32.0 31.0 29.1 25.6 24.1

balance( % of GDP)

Import coverage (month) 2.2 2.3 2.7 3.1 3.6
Others

Exchange rate  (Taka /US$: 61.39 67.08 69.03 68.52 69.06

Ave.) ?

Source: IMF, “Bangladesh: Staff Report for the 2009 Annual Consultation with Bangladesh”, December 2009)

The country’s gross national income (GNI) per capita is, however, 520 US dollars (2008), which
ranked 186th out of 210 countries. Therefore, the country has been ranked as the least-developed
country in Asia (Table 3-2).

! Bangladesh: Strategy for Sustained Growth, World Bank, 2007
2 The Bangladesh’s fiscal year starts in July of the previous year and ends in June of the current year.
3 Bangladesh Bank, “Major Economic Indicators: Monthly Update”, February 2010
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Table 3-2 Social and Economic indicators of Bangladesh and South Asia countries
Country GNl/capita GDP Average Electricity GDP Population
. Growth rate inflation consumption (current)
(nominal .
rate per capita
value)
(US$) (%) (%) (kWh/capita) | (Bil. US$) | (million)
Base year' 2008 | 2006-2010 | 2006-2010 2007 2008 2008
Bhutan 1,900 8.9 55 211 1.4 0.7
Sri Lanka 1,780 6.1 11.9 417 40.7 20.2
India 1,070 7.7 5.1 498 1,217.5 1,140.0
Pakistan 980 43 11.7 435 168.3 166.0
Bangladesh 520 6.1 7.5 174 79.0 160.0
Nepal 400 4.0 8.8 78 12.6 28.6
Myanmar - 26.2 49.2

Source: The PSMP Study Team has developed based on the following references: US CIA, “World Fact Book™;

World Bank’s website, value as of 2008. “Key Development Data & Statistics”; Bangladesh Ministry of
Finance “Economic Review 2008”)

This fact is explained by the fact that its average annual GDP growth rate before 1990 was just
1.2% primarily due to political instability which arises immediately after a country’s inception,
though the rate has jumped to 3.3% in average after 1990. The aforementioned World Bank report
recommends that Bangladesh needs to keep and accelerate its growth speed in order to join the
middle-income countries (Fig. 3-2).2

Estimate

Target: $ 1,086
(75,000 BDT) for
graduation
(2009).

Taka/ capita

Fiscal Year

Source: ADB Key indicator (2008).

Fig. 3-2 GNI per capita®

! The figures for Bhutan are as of FY2009, while those for Sri Lanka are of FY2008’s estimate. Those of the rest are of FY2007’s estimate/
record.

2 The value of 3.3 % is almost triple that of many low income countries

3 The estimate after 2008 assumes 7% of growth rate. The value of criteria to graduate from low-income countries is cited from
UN-OHRLLS.)
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(2) Economic growth
The country’s recent economic growth has been attributed to the increase of exports mainly led by
clothing industry, specifically ready-made garment (RMG) as a national main industry, as well as
the high growth of the service industry as well as the main and manufacturing industry, the growth
of which has been driven by the increase of overseas workers’ remittance. At the same time,
Bangladesh’s economy reveals its structural fragility. That is, the economy heavily depends on
such a ready-made garment industry and workers’ remittance. Such dependence has made the
country’s economy vulnerable to global depression like the recent one. In fact, due to the global
economic downturn in the fiscal year 2008/2009 (from July 2008 to June 2009), its domestic
economy was said to have slowed down mainly because of the decrease of workers’ remittance
growth rate as well as of the slowing growth rate of exports to Europe and US. As a result, the
fiscal year’s nominal GDP growth rate remains at 5.9%, which is below that of the previous year,
6.2%.
The reason Bangladesh’s infrastructure has been targeted for improvement is because its present
immature infrastructure is regarded as one of the obstacles impeding the country’s further
economic growth. It is said that severe electricity shortage as well as the bottleneck of the
transportation sector such as at ports and railways have kept further investment and trade with
neighboring countries away.
Hence, it has been pointed out that such an immature economic infrastructure has kept private
enterprises away from more investment in the country, and this fact has resulted in national savings
in order to maintain a constant share of the total GDP, compared to national investment to lose its
share.
For these reasons, Bangladesh needs to overcome two challenges for its even more economic
growth, namely the improvement of basic infrastructure such as electricity networks, roads and
ports; and the restructuring of its economic structure, e.g. by diversification of its products and
export destinations. The next sections will discuss the detail and the contribution of electricity
development to such future economic growth.
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Box 3.1. The assumption of Bangladesh’s economic growth rate in the long term
This Master Plan assumed long-term growth rate as 7% up to 2030. The ground for the

assumption is described as follows:

1. Long-term estimate by authorized organizations
International Monetary Fund (IMF), whose estimate is referred to as a trustworthy
economic indicator in general, announced the country’s latest rate in the long term in
October 2008. The IMF estimates the rate as 7.0% on average until 2028. As a reference,
the Fund’s short-term estimate for years 2013 and 2014 was 6.0%, which was announced
in February 2010. The downward revision may have resulted from the recent global
financial crisis. Other international financial authorities such as the World Bank and Asian
Development Banks announce only short-term estimates.
The Bangladesh Government publishes the rate’s long-term estimate as the government’s
target. The current Administration sets the target figures as 8 % in 2013 and 10% in 2017
respectively in its party’s manifesto, Vision 2021. The country’s national development
plan, “Moving Ahead: National Strategy for Accelerated Poverty Reduction Il (Oct2008)”
forecasts 7.0% in 2010 and 7.2% in 2011.
As shown above, it has been confirmed that the long-term estimates by authorized
organizations and the Bangladeshi Government has fallen into the range between 7 to
10 %.

2. Historical trend
The average GDP growth rate in the past 5 years is almost 6%. In the coming years this is
expected to increase because of the following reasons: first, the figure has been achieved
under unfavorable circumstances, e.g. natural disasters due to large floods and cyclones in
2007 which have severely damaged the agriculture industry and the global-wide high
inflation of food and crude oil. Secondly, although the recent global economic downturn
has influenced Bangladesh’s economy which depends largely on overseas demand, the
downturn has been foreseen as a temporal one, as authorized institution like the Asian
Development Bank says. Thirdly, the World Bank’s renowned “Doing Business,” the
world ranking in investment qualification, places the country at higher than the
middle-income nations in terms of business environment. The World Bank expects that the
country’s manufacturing industry, which is the country’s key economic driver, would take
a great leap once the country’s infrastructure is well developed. Lesson from the
middle-income Asian nations has also shown interesting data to support the country’s
future. When GNI per capita of those countries were around 500 dollars, same as the one of
the current Bangladesh, many of those countries achieved an economic growth rate of over
7%, achieving GNI per capita of middle-income nation level within 10 years since the
achievement year: Vietnam (in 2004, 7%), China (in 1994, 10 to 15%), Indonesia (in 1998,
7 to 8 %), India ( in 2003, 7 to 10%): the figures in the parenthesis shows the year to
achieve GNI per capita of 500USD and its GDP growth rate then.
As seen, the past records and trends also supports the Bangladesh economy’s possibility to
grow at a rate more than 7%.

3. Conclusion
For those reasons, this study has adopted a 7% GDP growth rate as the base case, the value
which the Government also sets as the country’s official target.
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3.2.2  Consumer price
The inflation rate of the consumer price index (CPI) has steadied at around 5 to 7 % in the past five
years. (Fig. 3-3). Although the CPI rose sharply in fiscal year 2008, it dropped sharply after the
middle of 2008 due to the stabilized food price as well as the drop of crude oil prices. Since March
2009, partly because the Bangladesh Bank took the monetary easing policy, the CPI has stayed back
at around 6 %, which is in the same level as that before the sharp increase.
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Source: Developed by The PSMP Study Team based on the following references: ADB Key Indicators, ADB
Outlook 2009 Update)

Fig. 3-3 CPl inflation rate

Because Bangladesh’s CPI consists primarily of food prices (around 60%), this index is subject to
events related to food, e.g. weather and the international market (Fig. 3-4).
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Source: ”Annual Report 2007-2008,” Bangladesh Bank, Dec. 2008
Fig. 3-4 Inflation rate of food price

3.2.3  Transition of industrial structure
As shown in Fig. 3-5 (the structure of the Bangladesh’s economy), the growth of the industry sector,
specifically the manufacturing sector, is eminent. While the service sector occupies more than half
of the total share due to steady retail, transportation, and telecommunication (mobile) sectors, the

! In the fiscal year 2008, the inflation rate reached 9.9 % due to damaged agricultural products by large-scale cyclones as well as the global
wide price inflation of food and energy, which has resulted in the increase of import products.
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agricultural sector has continued to lose its share. Although the work force of agricultural sectors
remains at the top as 48 % of the total as of 2006, its GDP share has given way to the industrial
sector since the mid 1990s.
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Fig. 3-5 The share of GDP by industrial type (nominal value)

To be mentioned here is that the GDP of the manufacturing sector in the fiscal year 2008/2009 has
grown almost 3.04 times as much as that of the fiscal year 1999/2000, exceeding the growth rate of
the total GDP during the same period, 2.59. This fact tells that the manufacturing sector has led the
country’s economy. Though the sector once consisted of agricultural products like jute products, the
sector’s current main product is RMG and knit ware which occupies 75% of the country’s export
amount. This trend appears to be continuing. For products from the manufacturing sector other than
clothing products is the chemical sector which is represented by fertilizer made of natural gas.
Besides these products, the medicine manufacturing sector is also expected to grow in near future.
As the scale of the sector is the largest among the 50 least developed countries (LDC), the country
exports the products to over 60 countries. Table 3-3 shows a shift of the products shared in the
industrial sector.

Table 3-3 Export amount by product
(Unit: Billion Taka)

Fiscal year 1994/95 1999/2000 2008/09
Amount Share (%) Amount Share (%) Amount Share (%)

Raw Jute 2.6 2.0 3.7 15 9.2 0.9
Jute goods 13.7 10.4 11.3 4.5 23.5 2.4
Tea 13 0.9 0.9 0.4 0.8 0.0
Leather 8.8 6.7 7.6 3.0 19.6 2.0
Fish, shrimp 13.2 10.0 18.1 7.3 31.3 3.2
Readymade 74.4 56.7 157.2 63.1 672.6 69.0
garments

Oil products 0.5 0.4 0.6 0.2 6.6 0.7
Fertilizer 3.1 2.4 - 0.0 7.1 0.7
Others (EPZ) 13.8 10.5 49.8 20.0 203.7 21.0
Total 1313 100.0 249.2 100.0 974.4 100.0

Source:  “Monthly Economic Trends,” February 2010, Bangladesh Bank)

Table 3-3 tells that the ready-made garments dominate total export products. Its share has grown to
69.0 % in fiscal years 2008/2009 from 56.7% in fiscal years 1994/ 1995. Besides this, the share of
others like export processing zone (EPZ) products have also grown rapidly from 10.5% in fiscal

3-8



Power System Master Plan 2010

years 1994/95 to 21.0% in 2008/2009. In contrast, Bangladesh’s traditional products like jute
products have lost its share from 12.4% in fiscal years 1994/95 to 3.3% now. Likewise, the share of
fish and shrimps has also decreased from 10.0% to 3.2%. The same trend applies to the share of
leathers, too. As seen, there has been a large transition in Bangladesh’s economic structure during
the last 15 years. Bangladesh’s export economy is expected to be driven by such ready-made
garments and EPZ products for the time being. The aforementioned World Bank’s report predicts
that it is essential for the country’s sustainable economic growth to have the manufacturing sector
lead the economy. The report refers to the other East Asian nations’ cases saying that those
countries have transitioned from low-income countries to middle-income countries as the share of
the manufacturing sector of the GDP has increased. These cases emphasize that the manufacturing
sector plays a key role in countries’ economic growth (Fig. 3-6).
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Source: Bangladesh: Strategy for Sustained Growth, World Bank; and 2007 ADB Key Indicator.
Fig. 3-6 The GDP share of manufacturing industry

For these reasons, it is essential to the growth of Bangladesh’s economy to promote the
manufacturing sector. The next sub-sections delve into electricity development’s contribution to the
promotion of the manufacturing sector.

3.2.4  Development of electricity infrastructure to assist economic growth

The aforementioned World Bank’s report’, “Bangladesh: Strategy for Sustained growth,” raises
seven measures for the manufacturing sector to lead the country’s economy. One of them is to ease
the energy shortage, which is an emerging issue in Bangladesh (others include the shortage of port
capacity, specifically Chittagong port, and of the inland transportation infrastructure). As
Bangladesh gathers attention from the international community as one of the emerging countries of
NEXT 11, regarded as next to BRICs, the country is well equipped with conditions to entice foreign
investment, such as an inexpensive labor force and an excellent environment for business and new
enterprises. This sub-section analyses how the current electricity infrastructure impedes the
country’s economic growth, and examines the economy’s growth potential by improving the
electricity infrastructure.

! Bangladesh: Strategy for Sustained Growth, World Bank, 2007
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(1) Electricity shortage
As seen in Fig. 3-7, Bangladesh’s electricity consumption per capita is small compared with other
nations (174kWh/ Capita). Its electrification rate is 44% in terms of population (National census in
2005).
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Source: “Key Development data,” the World Bank; and “Fact book,” US CIA.)
Fig. 3-7 Electricity consumption per capita

Box.3.2 Lesson in Japan

During the 1960s in Japan, the era with an average 9% GDP growth rate, the industrial
sector which consumes large amount of electricity (*) occupied around 60 % of the total
GDP (figures from TEPCO?’s service area). Therefore, once the power shortage issue is
dissolved in Bangladesh, those above the sectors might take a great leap. With the
improvement of the quality of supplied electricity, further industrial sectors such as the

automobile assembling industry and the semiconductor industry might take a next leap.
*: steel, pulp, chemistry, ceramic (cement), and non-iron metal (aluminum).

The World Bank report estimates that the productivity of the average enterprise falls by 10% as the
number of blackouts per year increases by 1%. It even happened once that 30 % of total demand
during peak hour was not supplied (Fig. 3-8). The cumulative blackout duration was 82 hours and 5
minutes (358 days) in fiscal year 2008, and was 76 hours and 22 minutes (351 days) in fiscal year
2009.
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Fig. 3-8 Annual load shedding/ restriction [MW]

(2) Impact caused by power shortage

(a) Economic cost

Due to the chronic power shortage, over 80% of the manufacturers are equipped with captive
power, mostly gas-fired thermal engines. That is, there is redundant investment occurring in
Bangladesh, by power companies and by manufacturers. The generation cost of such captive
power is estimated to be 1.5 times higher than the usual grid’s electricity tariff, even though they
are able to purchase the fuel, natural gas inexpensively due to a government’s subsidy. This
situation has obviously undermined the international competency of the manufacturers, leading to
immense economic costs paid.

(b) Obstacle of investment
According to a report by the World Bank in 2003, around 70% of the interviewed enterprises
answered that electricity supply is the obstacle blocking potential investments, largely exceeding
the amount of the whole south Asian region, 40%. Taking into account that the other investment
environments are superior to that of middle income countries such as China and India?, it is
expected that any industry which requires stable power supply would experience a lasting leap
upwards once the power shortage issue is solved.

(3) Issues and countermeasures
As seen above, it has been confirmed that the development of electricity infrastructure would be an
essential factor to the growth of Bangladesh’s economy including the manufacturing sector. There
are, however, some obstacles which makes it hard to develop an electricity infrastructure. Above
all, the highest hurdle is finance. As will be mentioned later, the current electricity-related entities
are state-owned enterprises like BPDB. Their financial status shows that more or less there is some
difficulty in running their business. This is partly because the electricity tariffs have been set lower
than the supply cost, and partly because collecting fees for outstanding electricity bills have been
delayed. Moreover, the resulting deficits have been supplemented by the Government’s budget.
For example, the net loss of the Bangladesh Petroleum Corporation (BPC) in 2006 was estimated
to be about 1 % of the total GDP, which was one of the reasons for the tight national budget. The
World Bank’s study in 2003/2004° examined the countermeasures to improve the then industry’s

! “Investment Climate Assessment Survey,” World Bank and Bangladesh Enterprise Institute, 2003
2 Doing Business, World Bank
3 “Power Sector Financial Restructuring and Recovery Plan, Final Report,” Aug. 2006,

3-11



Power System Master Plan 2010

business structure, recommending the introduction of an early bird discount for advanced payment.
Specifically, the update of electricity tariffs is expected to bring about a positive side effect of
encouraging natural gas suppliers to invest more in production facilities, leading to the increase of
gas production.

As seen above, the restructuring of the state-led electricity business is one of the important steps to
improve the electricity infrastructure. For this purpose, the Government is looking into utilizing
private financing. They aim to dissolve the power shortage issue by encouraging private investors
to invest in power development projects e.g. the IPP

If these measures are successfully implemented, the development of an electricity infrastructure
would be promoted, contributing to the growth of the manufacturing sector and ultimately leading
to the acceleration of the nation’s economic growth as a whole.

3.25 Finances of the state
(1) Structure of revenue and expenditure

The finances of Bangladesh are characterized by the fact that the expenditure demand has
outgrown the revenue, resulting in chronic deficit(Fig. 3-9).
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Source: ADB Key Indicator
Fig. 3-9 Revenue and expenditure

Although the amount of financial deficit against GDP had decreased since 2000 due to the saved
annual development expenditure, the introduction of VAT, and the increase of tax revenue, the
amount has expanded from 3.7% of fiscal year 2008 to 6.2% (Table 3-4). Such chronic financial
deficit is said to be attributed to the Government’s weak revenue base, weak tax collection
capability, and the compensation of state-owned enterprises’ deficit whose management is
inefficient.
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Table 3-4 The finances of the state

(Unit: billion Taka)

Fiscal year FY05 FY06 FYO07 FY08 FYo09!
Revenue 392.0 448.7 494.7 605.4 693.8
Tax revenue 319.5 361.8 3925 480.1 567.9
Non-tax revenue 725 86.9 102.2 125.3 125.9
Expenditure 556.3 610.6 668.4 936.1 999.6
Current expenditure 336.7 370.6 444.1 574.2 667.5
Annual Development Program 205.0 215.0 216.0 225.0 256.0
Others 14.6 25.0 8.3 136.8 76.1
Balance (incl. Grant) -137.9 -137.3 -152.0 -286.8 -242.3
BUDGET BALANCE (EXCL.
GRANT) -164.3 -162.1 -173.7 -255.5 -305.8
Budget Balance (deficit)) GDP 44 39 37 6.2 50
(%)

Grant 26.4 24.8 21.5 43.9 63.5
Financing 137.9 137.1 152.1 286.8 242.3
Net Foreign finance 137.9 137.1 152.1 286.8 242.3

Loan 89.0 89.6 90.5 130.2 114.6

Repayment -27.1 -33.8 -38.7 -42.7 -42.2
Domestic financing 76.0 81.4 100.3 199.2 170.7

Banking system 36.0 49.1 65.3 104.0 135.0

Non-Bank Borrowing (Net) 40.0 32.3 35.0 20.0 35.0

Source:

“Annual Report 2007-2008, “

Bangladesh Bank

Currently, the deficit has been supplemented by foreign development assistance as well as
domestic borrowing. The share of foreign grants has decreased by almost 50% in the 1990s to 10%
in recent years. In contrast, domestic borrowing has gained its share to almost 60%. The rest,
foreign loans has stayed around 20 to 30%. Fig. 3-10 depicts the past trend of the financing
Source:s.
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Fig. 3-10 Financial deficit and financing Source’s

Fig. 3-11 shows the trend of the external debt.

! Budget estimate
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Fig. 3-11 External debt

Although the amount of external debt has been increasing, the debt ratio against the GDP is low,
23.2%. This is mainly because the country is the least developed country where the share of grants
has been relatively large in the official assistance development. As the debt service ratio has also
been declining (8.6% in 2000 to 5.2 % in 2004), the country’s debt burden is also estimated to be
small. The debt is comprised of public mid- and long-term borrowing by more than 90%. Among
them, 80% are from multi-lateral development agencies like the World Bank.

(2) Challenge of revenue
This section mentions the revenue’s characteristics and its issues.
Fig. 3-12 depicts the composition of revenue for fiscal year 2009. Firstly, VAT occupies the largest
portion, 35% of the total, followed by the income tax (23%), import duty (19%), and
supplementary duty (17%). The structure has remained almost the same in the past 5 years. The
ratio of tax revenue to non-tax revenue has also remained around 4 to 1.

Land revenue, Taxes on

0.7% Vehicles, 1.0%
Stamp duty, Others, 1.5%
2.2%

Income Tax,
23.0% VAT, 35.7%

Supplementary
duty, 16.8% Import duty,
19.1%

Source: Economic Review 2007/2008

Fig. 3-12 The composition of FY2009’s revenue collection.

As mentioned above, the Government has strengthened its tax collection policy as the
improvement of tax collection capability is linked to the improvement of its financial balance.
Individual measurements include the expansion of the taxation base by tax reform, and efficiency
improvements of the tax administration. The financial budget of 2009 sets an ambitious target, an
18% increase of tax revenue from the previous year. The GOB emphasizes the strengthened
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domestic tax collection and the transition from the current structure dependent on import duties.
Although the revenue ratio against GDP has increased in long run, the figure is still around 10%,
which is lower than that of the other south Asian nations.

(3) Expenditure and the assistance to state-owned enterprises
Bangladesh’s budget is composed mainly of the Revenue Budget and the Annual Development
Budget. For the 2010 budget, the former amounts to 786.6 billion Taka, while the latter amounts to
305.0 hillion Taka, 1,1,38.2 billion Taka in total. The budget increased by around 20% compared
to the previous year. Its Annual Development portion allocates a higher budget to areas of
transportation, electricity, and water resources because the Government revised its plan to focus on
infrastructure development and rural area development. Within the Annual Development Budget,
nine sectors have been targeted for enhancement, including two sectors related to electricity,
namely rural electrification (including the installation of renewable energy) and electricity energy.
Specifically for the latter topic, the GOB aims to solve the emerging issues of power shortage by
increasing generation capacity and encouraging private investment. Besides this, the topic
integrates electricity imports, the installation of coal-fired power stations and the development of
the coal mining industry in addition to the increase of gas supplies by gas well development as
well as the expansion of gas pipelines.
The expenditure budget has two issues, the delay of the budget execution and the supplements of
the state-owned enterprises’ deficit. For the former issue, the Government examines measures such
as monitoring expenditures and improving administration (e.g. simplification of the approval
process and governmental documents). For this purpose, the GOB has introduced the
Medium-Term Budgetary Framework: (MTBF) since the fiscal year 2006. The framework is
designed to allocate the 3-to-5 year budget to the prioritized areas and a policy target. This is to
allow ministries to plan, organize, and execute their budget corresponding to the prioritized matters
in the national development paper, “Poverty Reduction Strategy Paper (PRSP)”. The framework
has been introduced to 20 ministries and is planned to be introduced to all the ministries in a
couple of years.
The second issue is the supplementary of the state-owned enterprises’ deficit. There are a total of
45 state-owned enterprises in seven sectors, called Non-financial Public Enterprises. They include
the BPDB, REB and Petrobangla in the electricity and gas sector, the Chittagong port authority in
the transportation sector, the BPC in the trading sector, Bangladesh Chemical Industries
Corporation (BCIC) in the industrial sector. While some state-owned enterprises run business well
so that they can pay a dividend, others face difficulty with their business. BCIC has privatized its
four affiliate companies out of the 13, because their performance was not good. Some of the others
have also been targeted for privatization. BPC faces difficulty in their operations due to the
government-set retail price which does not recover procurement costs. Fig. 3-13 shows the net
loss/ profit of the major state-owned energy companies of the total 45 companies.
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Fig. 3-13 Net loss of major state-owned enterprises

Bangladesh Bank’s annual report 2007/2008 points out that such deficit by state-owned enterprises
can be partly attributed to the continuous gap between the sales price and the cost. Such
circumstances are obvious in the oil, electricity and fertilizer sectors. The report describes BPC as
the largest receiver of the Government’s supplementary aid, followed by BPDB and BCIC, both of
which have faced continuous deficit. Those cumulative deficits have been counted as the
Government’s expense, which has caused the increase of debt. The Economic Review 2008 by the
Ministry of Finance shows that the amount of the Government’s supplementary aid amounted to
118.4 billion Taka in 2008 and 136.5 billion Taka in 2009. The share of the supplementary aid has
steadied at around 30 % of the total general expenses of the Government’s budget between 2005
and 2008.

3.3 National development plan

331 Outline
In the country Bangladesh five “Development 5-year Plans” for the national development plan had
been worked out and carried out till 2002. The 5th “5-year plan” was completed in 2002, and the 6th
“Development 5-year Plan (2011-2015)” will start in early 2011. Between the 5th and 6th plans, the
National Development Plan is handed over to the “Poverty Reduction Strategy Paper (PRSP)” and
carried out. The maximum target of the government of Bangladesh (GOB) is to reduce the poverty
in as a short period as possible by achieving high economic growth. The PRSP, the basic policy of
the development plan in the country Bangladesh started with the Interim Poverty Reduction Strategy
Paper (I-PRSP), which was operated in 2003 to 2005. The budget allotment for the Annual
Development Plan (ADP) is in accordance with the PRSP. It was prepared based on the vision of
“Bangladesh without poverty,” and then, the first version of the National Strategy for Accelerated
Poverty Reduction (PRSP-1) was worked out in 2005 and was operated form 2005 to 2008, with the
period being extended along the way. The previous political power worked out “Moving Ahead:
National Strategy for Accelerated Poverty Reduction Il or PRSP-II, Planning Commission, Oct.
2008” in 2008, based on the government basic policy. The current political power (Bangladesh
Awami League), which started in 2009, took over the same strategy and worked out the revised
PRSP-II (Step Towards Change: National Strategy for Accelerated Poverty Reduction Il (Revised)
FY2009-11) (PRSP-Il (Revised) or NSAPR-II) in December of 2009. PRSP-1I (Revised) also
shows a total of 10 strategic fields, i.e., 5 main strategic fields such as configuration of essential
infrastructure and 5 supporting strategies such as measures for climate change with the purpose of
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achieving Millennium Development Goals (MDGs). It focuses on poor people more than PRSP-I
does.

The budget for 2009 was prepared in accordance with the basic policy; PRSP-1I above and the
operation started in July of 2008. The budget was prepared in accordance with the allotment of
resources to prioritized fields based on the Medium Term Macroeconomic Framework (MTMF), a
component of the PRSP-Il. Both MTMF and its revised version, MTBF (a Medium Term Budget
Framework), are 3-year plans for the country, defining 7%-8% of the GDP growth rate and 6%—7%
of the target inflation rate in the period of 2009 to 2011.

Bangladesh Awami League political power, which is led by Prime Minister Hasina and was selected
in the general election in December of 2008 after an interval of 7 years, lists the most five important
fields including electric power and energy in the election pledge manifesto (Manifesto: Vision 2021.:
Changed to middle-income country by 2021). The first 2010-year budget established in June of
2009 is also in accordance with PRSP-11 and the manifesto. The new politic power declares in the
manifesto that 8% of the economic growth is to be achieved by 2013 and 10%, by 2017, recognizes
that expanded investment using private funds is required to achieve the high target, and plans to
expand Public Private Partnership (PPP) as the available scheme.

3.3.2 Position of power and energy sector in the national development plan

Of the five blocks in the strategic plan above, the 3rd block lists the arrangement of basic
infrastructure with an affinity to the reduction of poverty and lists the development of the electric
power and energy fields as the most important problem in the 3rd block. The basic policy in the
fields is, for the purpose of supplying high-quality and reliable electric power to all the people with
a payable price by 2020, to accelerate the improvement of efficiency through electric power
development with minimum costs, innovation of institution and organization, and improved
introduction of commercial principle. Well-balanced development among generation, transmission,
and distribution of power will be promoted, and the power generation department proposes quick
completion of projects being built yet, building of new power plants, rehabilitation of aged power
plants, planned regular repair and overhaul, and capacity development importance. The
development target of the power generation ability is to realize 7,000 MW in 2013, 8,000 MW in
2015, and 20,000 MW in 2021.

The strategic plan shows, in addition to the arrangement of the electric power sector, the basic
policy concerning the updating of the “National Energy Plan,” reinforced ability in oil/gas fields,
and the use of renewable energy. In addition to these, the “Coal Policy” is currently worked out and
the effect that preparation for supplying coal for a part of energy demand is in progress is written.

3.3.3 National energy policy (Draft)
The prioritized matter in NSAPR-II is development in the power and energy sectors, and the 10
items below are written as the vision and policy in the power sector:

Bring the entire country under electrification by year 2020

Make the power sector financially viable with ability to facilitate growth

Increase the sector’s efficiency

Make the sector commercially oriented.

Improve the quality and reliability of electricity supply

Use available domestic natural gas for power generation and also explore other alternatives

like LNG for the same

Increase private sector participation

Ensure reasonable and affordable price for electricity by pursuing least cost options and

explore options for power trading

B Promote competition among various entities

B Promote regional and sub-regional cooperation

In order to achieve these items, the targets of power generation are set to 7,000 MW by 2013, 8,000
MW by 2015, and 20,000 MW by 2021. Furthermore, in order to achieve them, completion of
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plants being built, new plant building, maintenance of existing thermal power generation through
rehabilitation/regular inspection, and reviewing captive power policy are made important. Urgent
3-year measures include the installation of 500 MW rental power (Phase 1), installation of 800 MW
peak power supply, installation of 1250 MW dual-fuel IPP, and installation of 2000 to 2600 MW
thermal power generation using imported coal. For the nuclear power generation policy, the GoB
refers to the conclusion of the MOU with Russia to build a 700 to 1,000 MW nuclear power plant.

Urgent matters for the energy sector are measures to be taken for exhausted domestic natural gas
resources and important items for them are the evaluation of domestic resources, new development
of gas/oil well and coal mine, and the change from probable/possible amount of deposits to proven
amount of deposits based on investigation. Furthermore, saving and efficient use of domestic
resources, saving energy on the demand side, and introduction of private funds are proposed.

The Coal Policy is currently worked out, and in order to cope with the rapid increase of energy
demand, privilege measures for coal mine development are to be introduced so that the efficient use
of coal can be promoted and coal fired power stations can be developed.

Since an increased gap between gas supply and demand in the future may obstruct economic
growth, the initial introduction of about 500 mmcfd of LNG as an alternative gas fuel and linkage
with the international gas pipe line will be examined.

3.4  Current status of primary energy

34.1 World primary energy consumption

Reviewed by the International Energy Agency (IEA), while coal consumption in the world is 3,200
billion tons of oil equivalent (Mtoe) in 2007 (26% of primary energy), it will be 4,900 Mtoe in
2030, more than a 50% increase (26% of primary energy). About 90% of increased 1,700 Mtoe will
be attributed to increased Asian consumption. The coal consumption share of Asia was about 60%
in 2007, and about 70% in 2035. Asia will be center of coal consumption. In particular, China and
India will become the two largest coal consumption countries. The share by OECD will decrease
from 36% in 2007 to 27% in 2035. On the other hand, shares of LDC will increase from 64% in
2007 to 73% in 2035". It is projected that coal will play a major role in primary energy Source:s in
the next decade or so.

Other renewable Hydro Gas Coal

Biomass Nuclear oil WEO-2008 total

Source: IEA World Energy Outlook 2009
Fig. 3-14 World primary energy balance

! “Kaigai Shokoku no Denki Jigyo,” Japan Electric Power Information Center, Inc.(2010)
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3.4.2 Share of coal use in world power generation

When reviewing world power generation, the share of coal use will increase slightly from 40% in
2007 to 42% in 2030 but will not change significantly, as well as the proportion of other fuels
(natural gas 21% to 21%, hydro 16% to 14%, nuclear 14% to 11%, and oil 6% to 2%). In major
developed countries such as the USA and Germany, the coal proportion exceeds 40%. In LDCs,
China uses coal for over 80% of its total power generation and India uses it more than 60%.
Bangladesh is a rather rare case to use domestic natural gas for major power generation Source:s. In
other words, coal currently plays major role in global power generation and this central role will still
remain for some time.
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Fig. 3-15 World electricity generation by fuel
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Fig. 3-16 Power generation by fuel in major countries

! IEA World Energy Outlook 2009
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3.5 Bangladesh primary energy Movement and problem

351 Total primary energy supply in Bangladesh

The total primary energy supply (TPES) in Bangladesh is shown in Fig. 3-17. In 1971, 78% of the
energy supply came from biomass like rice chaff and the proportion from the biomass was
decreased due to an increase of natural gas and oil. In 2007, the structure of the TPES was coal 1%,
oil 16%, gas 48% and biomass 33%. The consumption of the prime energy was conversion to
electricity 27%, industry sector 12%, transportation sector 6% and other sectors 50% (90% for
domestic use). Biomass for domestic use is still high, however, the ratio of the biomass is reducing,
instead the conversion to electricity is steadily increasing." Reviewing the world and Asian energy
supply trends, as IEA projected, it is very likely that coal will play an important role in primary
energy supply in Bangladesh.

30,000
25,000
20,000
'S 15,000
e ’ &
o
S 10,000 ]
= =
& 5000
o
[
0
— < ~ o (2] [{=] [2)] N [Te) [ee] I < ~
~ ~ N~ <o} o [ee] [<) D [*2] [} o o o
(o)) o [«) o (e} o o (o2} (o2} o o o o
- — - — i — - - — — N N N
Calendar Year
mmm Comb/RE s Ol = Gas
mmm Nuclear mmm Hydro/Others s Coal
— Gas (%) Oil(%) Coal(%)
Source: IEA Energy Balance
Fig. 3-17 Total primary energy supply in Bangladesh
Table 3-5 Energy balance (2007)
Unit: TOE)
Year 2007 Coal & Petroleum Geo Combust.
Supply and Consumption Peat Crude Oil | Products Gas Nuclear Hydro thermal Renew | Electricity Heat Total
Production 86 12470 120 8586 21262
Imports 350 1219 3236 4805
Exports -132 -132
Intl. Marine bunkers -35 -35
Intl. Aviation bunkers -252 -252
Stock changes 1 110 111
TPES 350 1306 2927 12470 0 120 0 8586 0 0 25759
(1.4%)|  (5.1%)| (12.6%)| (48.4%) (0.5%) (33.3%)
Electricity and CHP plants -590 -6172 -120 2097 -4785
-(2.3%)| -(24.0%) -(0.5%) -(26.7%)
Petroleum refinaries -1306 1272 -34
Other transformation -81 -684 -275 -1040
TFC 350 0 3529 5614 0 0 0 8586 1822 0 19899
Industry Sector 350 262 1586 780 2978
(11.6%)
Transport Sector 1638 1638
(6.4%)
Others Sectors 1185 1942 8586 1041 12753
(49.5%)
Non-Energy Use 445 2086 2531
(9.8%)

Source: |IEA Statistics, Energy Balances of Non-OECD Countries (2009)

! IEA Statistics, Energy Balance of Non-OECD Countries 2009
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3.5.2 Bangladesh primary commercial energy supply forecast
Bangladesh main primary commercial energy (Natural gas, Oil, Coal) demand forecast is shown in
following figure." The natural gas supply will be decreased from 2017, and coal supply will be
increased as an alternate fuel. The coal is treated as main alternate fuel instead of the natural gas in
new development plan of this master plan.
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Fig. 3-18 Bangladesh primary commercial energy demand forecast

3.5.3 Alternate fuel of natural gas

Bangladesh’s primary energy issue is that the nation is overly dependent on natural gas. In order to
achieve diversification of primary energy and Bangladesh’s continual and stable development,
Bangladesh must execute a primary energy shifted from natural gas. It has been confirmed that there
are abundant coal reserves that can be used as alternate fuel to natural gas in North-West
Bangladesh .The Government of Bangladesh began to develop domestic coal through the
preparation of a domestic coal delivery system and by studying how to improve coal fired power
plant operations. In this study, basically, domestic natural gas and domestic coal is effectively
utilized. However, if it is forecasted that domestic primary energy is not enough to satisfy energy
demand in the future, it is believed that primary energy imports will be a necessity for economic
development of Bangladesh.

3.6  Organization structure of the energy sector
3.6.1 Current status and problems of the energy sector organization

(1) Organizational structure

In Bangladesh, Energy & Mineral Resources Division (EMRD) of MPEMR manages the energy
sector. EMRD has two corporations- one is Bangladesh Oil, Gas and Mineral Corporation
(Petrobangla), which is responsible for mining, developing, producing, transporting natural gas,
and mineral resources, management and arrangement of its subsidiaries, contract conclusion of
shared production (PSC) with overseas companies, and performing important projects. Another is
Bangladesh Petroleum Corporation (BPC), which is responsible for import, refining, marketing,
transportation, and storage of oil.

! PSMP Study Team (gas: PSMP Study Team Case 1, Qil: extrapolate with GDP 7% growth, Domestic coal: PSMP Study Team Base case,
Imported coal: JICA Study Base scenario, calorific value: assuming Gas 950Btu/scd, Oil 40.1 MJ/kg, Domestic coal 25.5 MJ,/kg Imported
coal 21.2 MJ/kg and converted as ton of oil equivalent.)
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The gas sector under the control of Petrobangla is divided into companies for exploration and
production, transmission and distribution, CNG and LPG and mining. Fig. 3-19 shows 13
companies under Petrobangla control except imported coal, domestic coal is produced/mined by
BCMCL under Petrobangla.
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|
( Power Division ) ( Energy & Mineral Resources Division ) -------- )@angladesh Energy Regulatory Commissioa

|
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Mining Co. Ltd. M Ebcens Ltd.
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SGFL I »I BGSL
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PGCL

Standard Asiatic
0il Co. Ltd. |

SGDCL LP Gas Ltd.

v

KGDCL

Source: Energy and Mineral Resources Committee (2011)

Fig. 3-19 Structure of the energy sector in the country Bangladesh

(2) Current status and problems of the organization concerning the energy sector

MPEMR started to innovate the energy sector in 1994. Every subsidiary under Petrobangla is
privatized, i.e., Petrobangla has some degree of influence on them but no direct participation in
management. Problems directly faced by the energy sector include discovering/developing new
domestic natural gas, reinforced gas transportation system, reduced system losses, and
development of domestic coal mines, and current and vital demand cannot be satisfied since gas
charge is politically kept low and companies under Petrobangla have insufficient funds for
development. In addition, the cost is not reflected on the electricity charge and the cross subsidy
among customer categories continues for a long time. Such a low charge on which no cost is
reflected may generate an evil in the healthy growth of the electricity business of the country
Bangladesh

3.6.2 Current status and problems of the power sector organization

(1) Organizational structure
Power Division under MPEMR manages the electricity business. Under its control, the power is
generated by the BPDB and its generation subsidiaries, IPPs, and Power is supplied through
PGCB’s power transmission facilities to the distribution utilities. In the capital city of Dhaka,
DPDC and DESCO are responsible for electricity supply to retail consumers. In other urban cities,
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BPDB and WZPDCL and in rural areas REB supply to retail consumers. Fig. 3-20 shows the
structure of the power sector in Bangladesh.

For BPDB power generation department, the Haripur power plant was changed to the Strategic
business Unit (BSU)* and the Ashuganj power plant was changed to the subsidiary based on the
“Vision Statement/Policy Statement (January, 2001).” And then, the Baghabari power plant was
changed to the BSU, EGCB who owns Siddirganj Power Station (210MW), and NWPGCL who
developed Khulna Power Station (150MW) and Sirajganj Power Station (150MW), and will
develop Bheramara Power Station (360MW) were split up from BPDB based on the “Vision
Statement/Policy Statement” and “3-Year Roadmap (2006)”

Furthermore, in the power distribution department of BPDB, WZPDCL is responsible for power
distribution in Khulna and Barisal areas, NWZPDCL is registered for Rajshahi and Rangpur areas
and SZPDCL is registered for Chittagong and Comilla areas based on the “Vision
Statement/Policy Statement.”?

! SBU (Strategic Business Unit) is a form of the organization which BPDB still owns but transfer the authority to some extent.
2 BPDB Annual Report 2008-2009, “Kaigai Shokoku no Denki Jigyo,” Japan Electric Power Information Center, Inc.(2010)
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Abbreviation List

MPEMR Ministry of Power, Energy & Mineral Resources:
BERC Bangladesh Energy Regulatory Commission
BPDB Bangladesh Power Development Board
APSCL Ashuganj Power Station Company Ltd.
EGCB Electricity Generation Company of Bangladesh
NWPGCL North-West Power Generation Company Ltd.
IPP Independent Power Producer
RPC Rural Power Company Ltd.
PGCB Power Grid Company of Bangladesh
DPDC Dhaka Power Distribution Company Ltd.
DESCO Dhaka Electric supply Company Ltd.
WZPDCL West Zone Power Distribution Company Ltd.
NWZPDCL  North-West Zone Power Generation Company Ltd.
SZPDCL South Done Power Distribution Company Ltd.
REB Rural Electrification Board
PBS Palli Biddyut Samities

Source:  “Electric Energy Situations in Foreign Countries” Vol.2 (2010) JEPIC BPDP Annual Report

Fig. 3-20 Structure of the power sector in the country Bangladesh

(2) Current status and problems of the power sector

MPEMR started to reform the electric power sector in 1994, allowing participation of IPP,
unbundling and corporatization of BPDB. The “Private Sector Power Generation Policy of
Bangladesh” was formulated in 1996 to facilitate power generation in the private sector. The “Vision
Statement/Policy Statement” was announced in 2000, showing the target such as “to deliver quality
electricity at reasonable and affordable prices with professional service excellence,” and “to make
electricity available to all citizens on demand by the year 2020 and indicating the direction of the
electric power innovation. Furthermore, the “Energy Regulatory Commission Act” was enacted in
2003 to establish the independent energy regulatory commission. Bangladesh Energy Regulatory
Commission (BERC) was established in 2004..
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Problems in the future include improved electrification ratio targeted to 100% by 2021 (47% in
2009), reduction of insufficient electric power supply and power failure caused by insufficient gas,
aged facilities, improper maintenance, reduction of power system (transmission/ distribution) loss
ratio (15.9% in 2009, which has improved gradually but in the high level yet).

In addition, GOB has a plan to introduce the first domestic nuclear power plant, which may start in

2017 at Rooppur about 200 km from Dhaka, with a total generation capacity of 2000MW two units,
each 1000MW..
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Chapter 4  Coal Sector
4.1 Draft Coal Policy

4.1.1 Outline of Draft Coal Policy
The Draft Coal Policy (version 1) was published on 1st December 2005 by the Energy and Mineral
Resources Division of Ministry of Power, Energy and Mineral Resources. After that it was revised
several times. The latest one described in the details is the Bangladesh Draft Coal Policy —June
2007, which is presently being submitted to the government. Coal Policy has been drafted and
uploaded at the website of the Energy and Mineral Resources Division for public opinion. After
evaluating the public opinion, this draft would be finalized and be placed to the cabinet for approval.

4.1.2 Outline relating to this study
The new Draft Coal Policy (June 2007) outlines gas shortage, power generation, coal development,
investment for coal sector, import coal, environment and etc in Bangladesh. Therefore this policy
will become useful data in relating the domestic coal supply for this Study.

The brief summary of the Policy is attached in APPENDIX-1. This policy states that coal will be
used for power generation instead of gas as an alternative fuel to maintain national energy stability.
Power supply and demand is based on Power System Master Plan 2006. PSMP Study Team
comments pertaining to the Policy will be described below and each item is quoted from the Coal
Policy Draft.

(1) 2. BACKGROUND AND CURRENT STATUS
In the case of an annual 8% GDP growth rate, a domestic coal supply is over 30 million tons per
year from 2019 and 75 million tons per year in 2025, but this number is the quantity of demanded
coal supply for power stations per the calculation. The domestic coal supply is assumed to be from
4 coal fields minus Jamalgonj with the deep coal seam. However, there are thick coal seams in
each coalfield, and there are the thick aquifer, rice fields and villages on the top.
In an open cut mine, countermeasures to surface subsidence around the mining area, the drying up
of the subsurface water by dewatering and countermeasures to bench slope stability in the
unconcluded aquifer formation are necessary. (Refer to Appendix-3: Pilot O/C Coal Mine)
Furthermore, in the case of an underground mine as seen in Barapukuria, mining technology for an
average 36m thick seam to exploit the safety, high efficiency, and high-recovery rate has not yet
been established. Hence, the surface of the mining area would cause subsidence.
When considering these, if there is no new discovery of coal fields, it is difficult to realize a coal
supply of more than 30 million tons per year with domestic coal alone.

(2) 2.2 ENSURE ENERGY SECURITY BY DEVELOPING THE COAL SECTOR

Coal recovery rates of many open cut mines currently working overseas are more than 90%.
Most of the mines are shallow and start operation from coal outcrops or sub- outcrops. In the case
of deep coal seams, an underground mining method has been adopted. According to the above
comment, there are a few cases of coal mines which have unconsolidated aquifer, rice fields and
villages on top of the coal seam.

In consideration of Bangladesh’s geological conditions, it is necessary to further research
economically mineable depth as there is a large gap between expectations and reality. (Refer to
Appendix-3: Pilot O/C Coal Mine)

(3) 3.5 REGULATION OF COAL EXPORT
There is a shortage of coking coal in the world. The price difference between thermal coal and
coking coal per unit of heating value is always great. If the high quality coal of Bangladesh is
consumed only for power generation as a heat source, it is just not only the country, it is very
uneconomical in the world.
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As an extreme example, if thermal coal is 100 $ / ton, coking coal is 150 $ / ton at the same heating
value and ignoring the fare, 1 ton of coking coal for export will be able to import 1.5 tons of coal.
The possibility of coal export shall be considered more aggressively.

(4) 5.3 COAL RESERVES

It is very likely that Khalaspir and Dighipara will be developed by an underground mining method
because of the coal seams depth. The numbers of exploration borings are very few, 14 and 5 holes
respectively, so it is not enough to interpret the geological conditions. Future research should be
conducted quickly.

In addition, after collecting the sample, it is necessary to analyze not only the coal quality but also
to measure the rock strength of the roof and floor, gas content, porosity, permeability and others,
then these results shall be used as materials to study concrete coal mine development..

(5) 6.6 MINE WATER MANAGEMENT

In the Coal Zone, there is the Upper Dupi Tila formation including large amounts of water on top
of the coal deposits and it hinders coal mine development. Therefore, it is estimated that such an
item was written down independently.

In addition, before carrying out the open cut, not only are pumping tests and computer simulations
necessary but also actual measurements of slope stability at the Upper Dupi Tila formation and the
countermeasures needs to be studied. After that, it is desirable to carry out trial mining in order to
ensure stable production and safety. (Refer to Appendix-3: Pilot O/C Coal Mine)

(6) 9.1 COAL FIRED POWER GENERATION
As mentioned in the preceding Comment, it is difficult to produce more than 30 million tons of
coal per year from four coal fields. If there is no new discovery of coal fields, the domestic coal
supply is not enough to power stations. Hence, import coal is needed.

(7) 10.2.2 ROYALTY OF LOCAL USE COAL
A simpler calculation of royalties would be better. For example, in Indonesia, it is 13.5% of FOB
in CCoW (Coal Contract of Work) regardless of the coal quality, coal class, for domestic and for
exports.

(8) 10.3 COAL MARKETING
This Draft Coal Policy has many items assuming an annual rate of 8% of GDP growth. As
mentioned in the above comment, domestic coal production is the numbers back calculation from
necessary electricity and almost all of the coal is for power stations. Therefore, a coal supply is
also difficult for other domestic industries other than exports.
If Bangladesh exports high price coking coal, Bangladesh can import much more thermal coal
because of the price difference. This can increase the available energy resources in Bangladesh

(9) 11.3.4 COAL SECTOR DEVELOPMENT COMMITTEE
The necessary items for coal development in Bangladesh are almost all listed in this Draft Coal
Policy, and the necessary laws, the government organizations have already existed.
The solution to the problem is to coordinate the existing organizations and leadership seems to be
required in order to quickly solve issues according to the current situation.
From this perspective, per the membership of the above table (Coal Sector Development
Committee) all the organizations in conjunction with the coal development are covered and this
Committee seems to be authorized. However, it is not sure when it will be held and what the theme
will be. Excellent staff officers who collect effective proposals and make practical measures as a
subsidiary organ of the leaders are necessary to realize policy. The organ will cover not only coal
but also electricity, oil & gas, mineral resources and others. The organ will be a permanent
institution and can provide practical measures quickly, regardless of the government at the time
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(10) 11. 3.8 HUMAN RESOURCE DEVELOPMENT
To implement human resource development and the enhancement of mining education facilities,
many high quality educators are necessary. Meanwhile, studying at the university tends to be
centered literature in many cases. In order to develop rapidly now the coal industry in such
countries like Bangladesh will require leaders who can better understand the field
For example, in the “Training project on coal Mining Technology” of NEDO in Japan, Vietnam
and Chinese coal mine executive officers, coal mine engineers and university professors are invited
to Japan and they will learn coal production and safety technology in the room and production site.
There is the training that trainees enter underground and they get practical education, and the
educational content is very useful for certain relevant people of Bangladesh. It seems that such an
education system is necessary for Bangladesh where coal mines will be developed from now on.
In addition, qualified miners and designated miners perform important works for production and
safety in Japanese coal mines. An education system for licensed acquisitions seems to be required
as well.

(11) 11.3.9 RESEARCH AND DEVELOPMENT
In Japan, explosives and equipment used in underground coal mines have been checked by the
authority and this system has prevented gas and coal dust explosion accidents. In Bangladesh, if
underground coal mines increase in the future, it is supposed that many imports will be used.
Instead of using unchecked imported equipments without, the suitable system for Bangladesh shall
be used.

(12) Others

This Draft Coal Policy mainly describes domestic coal development. There is no entry for import
coal. For example, high sulfur coal is imported for a brick kiln from Meghalaya in India, adjacent
to the north of Bangladesh. For environmental reasons, coal with a sulfur content exceeding 1
percent is presently under an import ban. However, the ban on this type of coal will eventually be
lifted. Meghalaya coal is cheap and consumers are welcome. There is also an aspect to suppress the
logging of forest resources. In Japan, briquettes were made by mixing with lime stone and high
sulfur coal and it has been proven that the sulfur content was reduced by 60%-70% after
combustion. Not only to the import ban but also to make environmentally friendly fuels and to use
it, it will benefit each other. Since a large amount of import coal will be needed for the power
stations, a system of import coal shall be established.

Bangladesh Coal Policy Draft (1)

4.1.3 Review for related coal matters in Power System Master Plan Update 2006
Regarding coal production, PSMP Study Team shows differences of coal production by
reconsideration of Develop Plan 2006 and PSMP 2010 .in Table 4-1.
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Table 4-1 Comparison between PSMP and this study

PSMP 2006 (1,000t) Domestic Coal Produc(til?goi(;lt)the JICA Study Report
Year
(Note: From 2005 to 2008 shows actual production)
Domestic Coal Import Coal High Case Base Case Low Case

2005 0 0 303 303 303
2006 327 0 388 388 388
2007 644 0 677 677 677
2008 635 0 828 828 828
2009 569 0 850 850 640
2010 530 0 1,000 1,000 750
2011 523 0 1,000 1,000 850
2012 1,606 0 1,000 1,000 600
2013 1,654 0 1,000 1,000 600
2014 2,704 0 2,000 1,000 700
2015 3,780 0 2,000 1,000 700
2016 3,835 0 1,000 1,000 700
2017 4,863 0 1,000 1,000 700
2018 5,834 0 2,500 2,000 750
2019 8,095 0 4,500 2,500 850
2020 9,431 0 7,000 3,500 1,350
2021 10,729 1,184 10,000 5,000 2,350
2022 10,688 4,551 12,500 6,000 2,850
2023 10,656 7,645 14,500 7,000 2,850
2024 10,715 10,632 16,500 8,000 3,850
2025 10,839 12,853 18,500 9,000 4,850
2026 (N/A) (N/A) 24,500 12,000 6,350
2027 (N/A) (N/A) 26,500 14,000 6,850
2028 (N/A) (N/A) 26,500 14,000 6,850
2029 (N/A) (N/A) 26,500 14,000 6,850
2030 (N/A) (N/A) 26,500 15,000 7,000

Source: Power System Master Plan Update 2006 and PSMP Study Team
4.2  Current situations and issues of supply and demand of domestic coal

4.2.1 Reserves in coal fields, production forecasts, and issues
It is well known that the bituminous coal, which is called “Godwin coal” of the Permian Period as
well as sub-bituminous coal to lignite of the Tertiary Era occur in Bangladesh. According to the
present development data, there are five coal fields in Bangladesh, all of which situated in between
the Jamuna River and the Padma River in the northwestern part of Bangladesh. The measured and
probable coal reserves total 3.3 billion tons. According to the Draft Coal Policy (June 2007), the
measured coal reserve that can be mined for the time being is estimated to be 1,168 million tons,
except in Jamalgonj where coal seams are located relatively deep underground. As developments
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continue, probable coal reserves are likely to increase. Fig. 4-1 indicates the locations of these coal
fields, while Fig. 4-2 shows their details.

Coal in Bangladesh is generally characterized as having low ash content and low sulfur content that
are in favor of the environment. It is bituminous coal with properties similar to the coal being used
by power stations in Japan. Another grade of coal, which is classified into semi-coke (for iron
production) whose commodity value is very high in the market, is also available.

Meanwhile, the problem lies in its mining method. For underground coal mines, the thick coal
seams (30 to 40m) pose a problem for the mining method and miming rate. For open-cast coal
mines, the mining method which includes dewatering technology to prevent inundation and protect
the environment has become an issue, because coal deposits accumulate in the relatively deep
underground (170 to 450m) and such a coal mine tends to have an aquifer, called "UDT (Upper
Dupi Tila)," over the coal seams. Fig. 4-3 shows a typical conceptual model of the conditions of a
coal-bearing formation and the upper aquifer in Bangladesh. In particular, rice fields and houses are
scattered on the surface above the coal seams. Thus, to relocate local people without trouble will
become important. In particular, the suspension of the Phulbari open-cast coal mine development
plan has brought about a significant negative impact.

Table 4-2 lists details of six coal fields that were explored and the progress in their development.
The Barapukuria Coal Mine is the only operating coal mine in Bangladesh and is undergoing
completely mechanized underground mining, the details of which will be described later. An
open-cast coal mine development in Phulbari came to a deadlock due to the oppositions by the local
people, which will give directions to the coal mine development in Bangladesh. In other words, coal
mine development in Bangladesh will depend on whether the Government of Bangladesh can
successfully win, as a national policy, consent from people for an open-cast mining method, which
is superior to underground mining in terms of stable coal production. The comparison between
open-cast mining and underground mining in Bangladesh will be described later.

Meanwhile, Bangladesh needs to continue coal exploration to obtain more information on coal
fields with better mining conditions. In particular, since Godwin coal is a kind coke of good quality
with limited global availability, it has drawn much attention from concerned parties in many parts of
the world.
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Source: GSB
Fig. 4-1 Locations of Coal fields in Bangladesh®

! 1. Red points indicate coalfields.
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Source: GSB
Fig. 4-2 Detailed locations of coal fields in Bangladesh
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Source:  Asia Energy Corporation (Bangladesh) Pty Ltd (AEC), 2005

Fig. 4-3 Conceptual model of conditions of coal-bearing formation and upper aquifer in
Bangladesh
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Table 4-2 Coal in Bangladesh present production situations and issues (Barapukuria Coal Mine)

Exploring Av. thickness Measured+
Coal field Daleenl?p company Depth NC% a(I)f of composite ngﬁzl;;?s . probable coal R
name ear (Number of (m) seams coal seams (million tons) reserves
Y borings) (m) (million tons)
+ Petrobangla and China National Machinery Import and
303 Export Corporation (CMC) in China concluded an
(Minable coal development agreement in 1994. BCMCL was founded in
Barapukuria ) GSB ) reserve by 1998. Capacity designed: One million ton /year
(Dinajpur) 1985 -87 (31) 118 -506 6 51 U/G: 390 + Asmall-scale open-cast mining project is feasible.
64 million + A 250MW coal-fired thermal power station is in operation,
tons) and a study is on the table to build a new 125MW power
station.
+ Asia Energy has completed a feasibility study. When the
company was going to engage in a large-scale open-cast coal
Phulbari, BHP ) R mine development, the development project was suspended
(inajipury | 197 (108) 150-240 | 2 15-70 572 572 in August 2006,
+ Although Global Coal Management has succeeded to the
development interest, the project is yet be progressed.
+ The measured coal reserve is 277 million tons. Since only 14
borings were made, the reliability is low. The developer has
Khalaspir, ) GSB ) submitted a feasibility study for coal mine development by
(Rangpur) 1989 -90 (14) 257 -483 8 423 143 685 underground mining to the Government of Bangladesh.
+ The annual coal production plan ranges from two million to
four million tons.
+ GSB made five borings in a 1.25 km2 area and found five
- coal seams. The initial probable coal reserve is 600 million
(DD'?nr:;Fi’aLar’) 1994 -95 G(g)B 328 -407 5 62 150 600 tons.
)P + A Korean syndicate has approached Petrobangla for
development and investment.
. i + Largest coal field in Bangladesh
Ja(r;ilgr(;?, 1962 ((31%? 16 i(5)8 7 64 1053 1053 + Targeting coal seam gas of CBM (coal bed methane) in deep
Y ' underground
Kuchma, 2,380 + Targeting coal seam gas of CBM (coal bed methane) in deep
(Bogra) 1959 svoc -2,876 5 518 underground
Source: PSMP Study Team
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4.2.2  Present domestic coal production and issue (Barapukuria coal mine)

(1) Overview
The Barapukuria Coal Mine (BCMCL) is the only coal mine in Bangladesh. It is amazing as
compared with other coal producing developing country that mechanized longwall coal mining
was able to be successfully introduced to the first underground coal mine resulting to a certain
degree in the stable production of coal.

The Barapukuria Coal Mine was developed jointly by Petrobangla and CMC in China (agreement
concluded in 1994). According to “the Management, Production and Maintenance” (M&P)
Contract, CMC is supposed to transfer technology including the facilities, to Bangladesh by the
year June 2011. In addition, the coal mine has concluded a consultancy agreement with IMC
Consulting Ltd. in UK until June 2011. All the underground facilities are from China. The vertical
shaft is 300m long, and the skip capacity for coal hoisting is set to 3,300t/d. For the coal seam,
refer to Fig 4-4, for Under Ground mining (U/G) map, refer to Fig. 4-5, For general view of coal
mine, refer to Fig. 4-6, for the vertical shaft refer to Fig. 4-7, and for self advancing support for
long wall mining refer to Fig. 4-8.

Coal productions have been stable in recent years. The coal mine produced 0.84 million tons of
coal in 2008. The coal production in 2009 remained stable until a power station faced trouble.
Meanwhile, mining operations have been suspended by August 2010 due to the collapsed roof
accident in May 2010. This accident brought home the difficulty of underground operations.

Table 4-3 lists the coal production results for the years in the agreement. Coal is supplied for two
neighboring 125MW Barapukuria Thermal Power Stations. The other remaining coal is primarily
supplied for brick constructions and other purchasers in the general industry. At present, although
the coal mine has an annual production capacity of approx. one million tons, the mine is studying
to reinforce the production capacity to an annual production of 1.5 million tons in the future.

(2) Production plan and results

Table 4-3 Coal production records at Barapukuria Coal mine

FY Planned coal production (t) Coal production result (t)
2006 500,000 362,470
2007 770,000 348,200
2008 970,000 611,674
2009 1,020,000 904,659
2010 930,000 709,155
2011 560,000

Source: EMRD
(3) Issues and recommendation
(a) The collapsed roof accident

A large-scale collapse® occurred on May 2010. Hence, subsequent reinforcement work
comprising panel road maintenance and counter measures for hanging roofs (appropriately the

! Intensive stress by the failure of the ground pressure control at LW1108 suffered from gallery roof by the
information that they obtained and exceeded supporting capacity. The roof of about 30m length collapsed and
one death, 18 got injured. Production was reopened in August, and it was produced smoothly afterwards, and
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falling roof of the mined out area) shall be necessary. Based on these results, there is the
possibility of thinking about the remaining appropriate pillars between the mining panels in the
area where coal has not yet been extracted.

In the past, many accidents repeatedly occurred in the Barapukuria Coal Mine. Such as sealing
work due to spontaneous combustion in the panel, some small scale roof collapses, a big scale
roof collapse at this time and others easily occurred inside the underground coal mine. This mine
has accumulated valuable experiences by paying close attention. These causes and measures shall
be categorized as valuable information and used for new underground coal mines which will be
developed and increased in the future. The foundation of a national organized institute for
training, including the success of these experiences will be essential in Bangladesh.

(b) Early decision of a mining method for the second (2" slice! and deeper slice
The contract with China will be cut off in 2011and BCMCL performed an international bid of a
mining contract of the next term in January, 2011 and it is the situation waiting for proposal.
There is a need to make an early decision on a safe and efficient method to mine coal in the
second slice and the deeper coal seams according to the feasibility study. Deciding a mining
method for the southernmost mining area is also necessary.

(c) Plan to increase coal production

The second and deeper slice will allow for increased coal production at the working faces via
adoption of the following measures. (1) When the top coal caving, which has been successful at
the working face of the thick coal seams in China, can be introduced successfully in Bangladesh,
a large-scale increase can be expected in coal production; (2) the present working face equipment
will be reinforced and coal mining working faces will be expanded; (3) the layout of the galleries
in the southern area will be changed so as to grade the inclination in the working face for higher
work efficiency. At the same time, in the steep mining area of the southern area, where
self-advancing support is difficult to adopt, Room & Pillar mining, for instance, can be adopted.

Meanwhile, the skip capacity of the vertical shaft is as small as 8 tons. If the operation hours of
the hoists are extended and if underground coal pockets are expanded, the annual coal production
can increase up to 1.2 million tons. If the Barapukuria Mine intends to increase the annual coal
production to 1.5 million tons or more, the capacity of the hoists must be enlarged in size, or
vertical shafts for coal hoisting must be added to upgrade to the present equipment level.
However, such expansion or addition of equipment will need extra cost.

(d) Problems of surface subsidence following underground mining
The effect rate of surface subsidence depends on the mining method, but any method will cause
some surface subsidence. The subsidence ratio becomes small when the filling method or Room
& Pillar method are adopted, but the mining costs are high or the mining recovery is small.
Therefore there are 3 measures utilized to decrease the subsidence ratio as mentioned in the
following.

B Room & pillar: subsidence ratio is small when the mining recovery ratio is restricted.

B Filling method: subsidence ratio is small, but the mining costs are high.

B Therefore, although it will entail extra costs, the Barapukuria Mine needs to purchase areas
within 50 to 60 subsidence limit angles from the ends of the planned mining as well as

this LW was finished in November. Coal is producing now in LW1111 which is the next face.

! 2nd glice means secondary mined coal seam when the coal seam is thick so as not to mine at
once. At a present technical level, the height of coal seam for one slice by standard longwall
method will be max. 4m..

4-11



Power System Master Plan 2010

their surrounding areas and houses with little leeway. At the same time, the Barapukuria
Mine needs to sufficiently compensate the local people before surface subsidence occurs.

(e) Technology transfer
Technology transfer at Barapukuria Coal Mine is very important to predict the future
development and production at underground coal mines in Bangladesh.

Regarding the methods of Technology Transfer, there is “On the Job Training” and
“Classroom within M&P Contract” between China and BCMCL. Safety control items are
exceptionally very important in technology transfer program,

A small number of BCMCL people are being trained in technical knowledge and
ventilation control technology by IMCGCL of a consultant company in UK.

BCMCL personnel have absorbed much technical knowledge through daily OJT with the
Chinese workers, but they still want to continue this contract because of a lack of
confidence in being able to maintain production,

Work standard drawings and work boards showing, for example, a work point name, date
and shifts, gas concentration, work goal, name of employee in charge of work, and other
working staff names at the working points are necessary so that workers can better
understand their work and the management becomes easily.

Although a telephone system is furnished at the mine work points, no mine wireless
communication system has been installed. If such a communication system is introduced,
an operator at the monitoring room (central monitor room) can grasp mine situations from
time to time. In addition, a mine wireless communication system is very useful for an
emergency case and to reduce loss of opportunities due to machine failure. Since it is not
expensive, such a system should be introduced by all means.

Disaster drills for mine fire, water burst, gas eruption, and other accidents have been held
in Japan. Unless such drills are implemented regularly in ordinary time, workers are likely
to become confused in controlling of the state of other workers and in choosing an
evacuation route.

Training institutions for coal mine professional will be necessary.

(f) Coal sector master plan
A coal sector master plan will be necessary to prepare. In conformity with the coal sector master
plan, associated coal sector road map and action plan will be also required for implementing new
coal mines.

(4) Production forecast
The detail of domestic coal supply forecasts is written on in Section 4.2.6 and general situation is
described here.

() Underground Mining
In the high case at the 2nd slice and deeper, increased coal production is difficult because of
safety problems when the long wall is succeeded whether the Top Coal Caving method succeeds
or not. If the increased underground production is persistently expected regardless of high costs,
the mining area shall be increased at the Southern area and around the vertical shaft area in order
to decrease the deepening rate and the underground structure shall be redesigned.

In the base case at the 2nd slice and deeper, the present production scale (about 1 million tons per
year) is appropriate when the long wall succeeds whether the Top Coal Caving method is a
success or not.

In the low case at the 2nd slice and deeper, coal production shall be continued under the adopting
room & pillar or an other method and there is the possibility of increased work when the long
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wall method may not be succeeded due to safety problems for earth pressure control, the
prevention of spontaneous combustion and other problems.
There may be no room for increasing coal production from U/G as mentioned above.

(b) Open Cut Mining
The O/C mine is considered at the northern area where the coal seams are in a relatively shallow
depth when the increased production from U/G will not be expected. In this area, the U/G mine
possibility is excluded, because here the low permeability Lower Dupi Tila formation is thin or
does not exist and the high permeability Upper Dupi Tila formation comes into direct contact
with the Gondowana formation.

However, there are a few examples of O/C which is mined under highly permeable and an
unconsolidated formation. As mentioned in 4.2.4 , the pilot mine shall be necessary. When
inhabitants understand the circumstances, after overcoming the different kinds of technical
matters, environmental matters, considerable production will be expected. O/C will become
feasible not only at Barapukuria but also at Phulbari where the mining activity has been
suspended by opposing inhabitants.

But, on the other hand, when the pilot mine cannot overcome kinds of technical matters and is
not economical, an O/C mine is not possible. In this case, unfortunately, the conclusion is that
the O/C mine may not be possible to develop at coal fields which were discovered in Bangladesh
till now. All coal fields will be developed by the U/G method or will become study object for
UBC or UCG.

Source: Barapukuria Coal Mining Company Ltd.

Fig 4-4 North-South Longitudinal Sectional View
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Source: Barapukuria Coal Mining Company Ltd.

Fig. 4-5 Barapukuria Coal Mine Map*

! The working face specifications; the face length: 100 to 160m the footage length: approx.
600m At present, the fifth working face is mined out.

The mining equipment: 440t/frame The shearer: 375kw+132Kw, 600t/hr.

Brief history of working faces: The Chinese corporation delivered two sets. One set, delivered
to LW No.1110, was once closed down after a spontaneous combustion and reopened recently.
The other set mine out No.1101=>1106=>1109=>1103=>1104.

4-14



Power System Master Plan 2010

Source: PSMP Study Team
Fig. 4-6 Panoramic view of Barapukuria Coal Mine

Source: PSMP Study Team
Fig. 4-7 Vertical shaft for material and workers and skip shaft for coal hoisting on rear side

Source: PSMP Study Team
Fig. 4-8 Self-advancing support upholding the roof of working faces
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4.2.3  Situations of undeveloped coal fields

(1) Phulbari coal mine development
The development history in the Phulbari coal field is a clear harbinger of the future problems
awaiting coal development in Bangladesh. The Phulbari coal field development plan originated
from the development of the Australian BHP from 1994 to 1997. Afterwards, however, BHP
transferred its license and investment agreement to AEC" in 1998.

From 2004 to 2005, AEC carried out more than 100 new development borings. The results are as
follows: measured reserve: 288 million tons; indicated reserve: 244million tons; inferential reserve:
40million tons; and total reserve: 572million tons. These results were announced by GHD Pty Ltd.
in Melbourne. According to the new exploration results, the thickness of the coal seams in total
ranges from 15 to 70m; an average thickness of all of the coal seams is 30m; the depth is 150 to
250m. The project is to produce 15 million tons of steam coal and semi-soft coal per year on
average. At the same time, the project has also proposed constructing a 500MW coal-fired thermal
power station in Bangladesh.

AEC submitted a feasibility study on the Phulbari coal development project to the Government of
Bangladesh in October 2005. AEC also implemented and completed an Environmental Impact
Assessment (EIA) and an Environmental and Social Impact Assessment (ESIA) in June 2006.
According to the project, the area for open-cast mining was set to be 2,000 ha initially and 5,900 ha
eventually. The project urged to finally relocate some 40,000 local people. Fig. 4-9 shows a photo
of the area to exploit.

Judging from the number of borings made, on the whole, this development project’s proposal
seems to be based on an adequate knowledge of the coal reserves, which was obtained through a
reliable feasibility study, and in consideration of environmental control measures. Hence, it was
regarded in those days as a major coal development project in Bangladesh. However, the project
met with local opposition in August 2006, resulting in deaths and injuries. As a result, the
development project was suspended. According to newspaper reports in those days, the major
reasons for the opposition were environmental problems, eviction of the local people, and resource
nationalism against development financed by foreign capital. Afterwards, although Global Coal
Management succeeded to the project, the subsequent progress has been undisclosed to this very
day.

After a study of the project, it is not surprising that a large-scale open-cast development project
was difficult to accept in an area where many local people had no knowledge of an open-cast coal
mine. In particular, we suppose that the problem lied in the method utilized for the coal mine
development approach and inadequate attention paid to the needs and feelings of the local people
whose rice fields, inherited from generation to generation, could potentially be destroyed. In
hindsight, it seems that the initial plan should have started with small development comprising an
annual coal production of one to two million tons. It is certain that the country is endowed with an
abundant coal supply that has commodity value. Hence, it is beyond question that coal
development in Bangladesh is the key to solving the country’s energy problem.

Fig. 4-10 indicates a sectional diagram of drainage borings in preparation for open-cast coal
development and influence lines of water level. In this figure, red dots show locations of drainage
borings for the Phulbari Coal Mine development and broken lines on the outer side show the scope
of influence. As indicated in the figure, the scope of influence covers quite broad areas.

¢ Asia Energy Corporation (Bangladesh) Pty Ltd
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Source: PSMP Study Team

Fig. 4-9 Planned site for Phulbari open-cast coal mine development rice field stretches as far as
one can see.

Source: AEC, 2005

Fig. 4-10 Proposed locations of drainage boring for Phulbari coal mine development and scope
of influence

(2) Khalaspir coal field

The Hosaf Group submitted a feasibility study report to the Bureau of Minerals Development
(BMD) in June 2006. The feasibility study was prepared by China Jinan Mining Development
Corporation affiliated with the Hosaf Group. During the feasibility study, Geotech-India, NamNam
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Fig. 4-11 Rice field in Khalaspir area planned for

of North Korea, Geo-Mineral of China, and IMC Group Consulting Limited, UK (IMCL) in the
UK extended their cooperation in support of the study.

According to the information obtained in the second on-site survey, the target coal seams for the
mining are three coal seams, hamely the first, second, and fourth coal seam from the upper of the
coal seams. The measured coal reserve in the mining area is 451 million tons, while the potential
coal reserve is 277 million tons. After taking into account drainage cost and work time for the
Upper Dupi Tila aquifer, underground mining will be adopted. To prevent inundation and to reach
the coal quickly, a vertical shaft and long wall mining will be adopted. If the inclination of the coal
seams is at two to three degrees as explained and if the coal seams are continuous, the mining
conditions will be far superior to the mining conditions at Barapukuria.

Since the coal seams are thick, the introduction of top-caving coal mining, which is a success in
China, lis being considered. The plan sets the annual coal production at two million tons in the
first decade and four million tons thereafter. Given that the PSMP Study Team’s available survey
time was limited, when the PSMP Study Team visited the site, only checked the boring cores of
the second coal seams and some samples of the roof. Since the samples were apparently medium
coarse sandstone and its intensity was high, the caving will face difficulty and take much time.

Although seismic, prospecting was conducted, the number of development drilling was limited to
14. Hence, additional borings are necessary to acquire exact knowledge on the geological and coal
seam conditions. After that, there is also the need to prepare a production plan, forecast ground
subsidence, prepare control measures against ground subsidence, implement security measures,
introduce diverse measures for the environment, and prepare measures for local people, and others.
Thus, it will take quite a lot of time before production begins to achieve these goals. In the analysis
of coal samples obtained in the new borings, gas content measurement is also needed, in addition
to the analysis based on the existing method.

Source: PSMP Study Team Source: PSMP Study Team

L Fig. 4-12 Hosaf's site office in Khalaspir
mining

(3) Barapukuria open-cast development project

The Barapukuria Coal Mine, which started in underground mining, will be detailed in another
section. This subsection describes an open-cast mining project. The northern area, which is

! The top-caving method is the mining technology adopted in long-wall mining, in which coal
left on the roof that a miner cannot cut out of thick coal seams is collected from the rear of the
self-advancing support, or in which coal spontaneously falling from the upper is collected.
This method enables to collect coal that was regarded uncollectible in the past, and thereby
improves the mining ratio.
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regarded as inappropriate for underground mining because of an anticipated water burst, is the
target area for open-cast mining. In this area, the Lower Dupi Tila containing much clay and
forming a waterproof layer is thinner or does not exist. This is why the aforementioned
development project has arisen. Since the scope of environmental impacts via open-cast mining is
likely to extend to a broad range of area, utilizing open-cast mining to cover the entire mining area
seems difficult.

Meanwhile, open-cast coal mine development in Bangladesh is an important subject. When the
point is taken into account, as a pilot open-cast mine, the development of a part of the mining area
in the Barapukuria Coal Mine is expected. Given the results, technical development will be
promoted, cost estimates will be possible and a scope of the potential environmental impact and
demonstration data will be obtained. Details of the pilot O/C mine are provided later.

(4) Dighipara coal field
This coal field has only undergone five exploration drillings in the past. According to a report in
the newspaper, the Daily Star of December 22, 2008, all five drillings were made within a small
square area of 1.25 km?. Therefore, a top priority is to conduct additional and broader exploration
drillings and seismic explorations in order to obtain accurate knowledge of the geological
conditions in this area. Since these coal seams occur in relatively shallow underground,
underground development seems to be a realistic approach. The aforementioned new drillings
need to measure gas contents, besides conducting traditional analyses of coal samples obtained in
new borings. According to Petrobangla who has exploration rights, Petrobangla has been
planning to conduct a seismic survey, exploration borings, and creating F/S over a period of about

two years.
Source: PSMP Study Team Source: PSMP Study Team
Fig. 4-13 Rice field near Dighipara Fig. 4-14 Private houses near development
development borings borings

4.2.4  Production forecasts at exploiting coal field

(1) Issue of undeveloped coal fields
For coal development methods, open-cast mining and underground mining are available. Table 4-4
lists comparison by major decision factor between open-cast mining and underground mining for
coal mines in Bangladesh.

(2) New coal mine development flow
To begin coal production in a short period seems impossible in light of the conditions of the
undeveloped coal fields as mentioned above. More specifically, it will require going through a lot
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of different steps, as indicated in Fig. 4-15. Initially, the coal policy must be approved by the
Government of Bangladesh as early as possible. Production forecasts based on the PSMP Study

Team’s site survey are described in Section 4.2.6 based on the flow shown below.

Table 4-4 Comparison between open-cast mining and underground mining

Major decision factor

Open-cast mining

Underground mining

(1) Mining cost

+ It depends on the stripping ratio.* In
general, open-cast mining is easier to
adjust production volume and can produce
a large volume of coal at a low mining
cost.

+ In Bangladesh, prior drainage drilling is
required to control aquifers. Such boring
and operation will cost a lot. Thus,
question regarding whether the costs of
open-cast mining is lower than
underground mining is in the air.

« If open-cast mining cannot be

adopted, or if it is unfeasible,
or if it is inappropriate in
terms of cost, underground

mining can be adopted.
However, underground
mining costs more than

ordinary open-cast mining.

The range to increase
production is determined with
the installation capacity of a
coal production plan.

(2) Coal recovery rate

+ The coal recovery rate® is set at approx.
90% of the minable reserve.

« The coal recovery rate is set at

20 to 40% of the minable
reserve.

(3) Production
stability

+ Coal production will be stable.

Coal production will be
unstable, carrying high risk
due to natural conditions.

(4) Environmental
control measure

« It requires site areas four times or more of
the mining area for mining and dumping
area for surface soil. This mining method
will have impacts over a broad area.

- It is essential to secure the water sources for

people in the surrounding area by prior
drainage of the aquifer and to solve surface
subsidence problems.

- Surface subsidence will occur

and some of the local people
living in the area will be
requested to relocate
themselves, but the area will
be limited.

+ Underground mining has less

impact on the surface than
open-cast mining.

(5) Overall assessment
in Bangladesh

+ To establish open-cast mining technology
suitable for Bangladesh is important. To
this end, small-scale open-cast mining at a
pilot site must be conducted to demonstrate
the technology and estimate mining cost.

+ Open-cast mining is advantageous to use
coal resources effectively because it
enables stable coal production and a high
coal recovery rate, Bangladesh is
encouraged to take this technological leap.

+ The Barapukuria coal mine is

under  demonstration  of
underground mining
technology. To  establish

mining technology is needed
to improve the mining rate for
upper coal seams in the
future.

+ Underground mining is likely

to precede to open-cast
mining to exploit new coal
mines in the future.

(6) Issues and
recommendation

+ The evaluation of the O/C mine by the early

enforcement of pilot O/C mine plan will be
mentioned later

« An early decision of the

mining method for the 2™
slice and deeper3 coal seam
after the 2" slice.

+ Countermeasure for surface

subsidence
The establishment of a
technology transfer method

Source:

PSMP Study Team

! Stripping ratio: A ratio of the thickness of a coal seam mined to the thickness of the soil

stripped, which is expressed, for example, like 1:7.

2 The coal recovery ratio refers to the ratio between geological coal reserves and actual

minable reserves by some mining methods.
3 A thickness of 3 to 4m is the most efficient thickness for a longwall mining method.
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Policy | Approval of the Coal Policy

Enactment of a law and detailed
regulations for coal exploitation or
enactment of a mining law

— N

Technology ' Open-cast Underground Barapukuria Coal
mining mining Mine operation
results
¢ * Surface
Trial Pilot O/C coal mine subsidence
control measures
l * Spontaneous
combustion
Finding problems and control measures
preparing countermeasures * Qverall security
v measures etc.

New Coal mine exploitation

Source: PSMP Study Team

Fig. 4-15 New coal mine development flow

(3) Recommendations of pilot O/C coal mine.
The plan of pilot O/C coal mine aims to examine the possibility of the O/C mining in Bangladesh
and understand to inhabitants. Since the mining method of O/C was complete new technology for
Bangladesh, the main cause of canceled the development plan of Phulbari Coal Mine is considered
that technical distrust, the broadness of the influence range to the inhabitants district, the issue of
environmental influence including the subsurface water were big and the operation formation, and
they were close-up and the agreement of inhabitants was not provided.

PSMP Study Team recognizes that the O/C coal mine is the most critical issue in order to secure
coal resources and proposes that GOB will take the pilot O/C coal mine into effect. PSMP Study
Team propose that the pilot plan of O/C mine as a trial mine should be realized and to clarify a
technical problem, groundwater measures, a production cost and, besides, this method will
contribute to have considerable persuasive power for the understanding of inhabitants.

The PSMP Study Team predict that the O/C mining method would not be able to but give up in
Bangladesh if the evaluation of the result of the pilot coal mine should be negative. It is biggest
problem that the condition of coal seam is remarkably bad for O/C mining method in Bangladesh
comparing with one of many foreign countries and it is grounds of this pilot coal mine proposal.
The detail of the pilot O/C coal mine is described at APPENDIX- 3. A top view is shown in figure
4 16 and a cross section to the ground plan is shown in figure 4 17 as a summary here. In addition,
the Barapukuria coal mine company has started the examination toward the enforcement of the
pilot O/C mining coal mine as of December, 2010.
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Source: PSMP Study Team
Fig. 4-16 Top plan view

Source: PSMP Study Team

Fig. 4-17 Cross-section view
4.2.5 Gas recovery of undeveloped coal fields

(1) CBM
The USA and Australia produce natural gas (CBM: Coal Bed Methane) from coal fields where
coal has not yet been mined yet. In 2001, the USA produced CBM 1.56Tcf which was 8% of the
natural gas production. China also started CBM production which is increasing. Apparently,
Government of the Bangladeshi feels that the Jamalgonj coal field is a good candidate for CBM
production. The following facts have been extracted the scarce but available data’.

B The Jamalgonj field was discovered in 1962 thanks to a UN-sponsored coal exploration
program. 10 wells were drilled in this area and the coal seams were encountered in 9 out of
the 10 wells. Coal seams gently dipped to the east and the depth range is 640m to 1,158m
from the surface. There are seven coal seams and they have been named seam 1 to seam 7

1,The Arabian Journal for Science and Engineering, Volume 27, Number 1A. January 2002
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from the upper to lower. The average cumulative coal seam thickness is 64m and the main
seams are seams 3 and 7 because of their thickness and continuity.

Gas content of coal (m3/ton) was not measured in this field. But it was reported that there
were gas evolutions in several drill holes when the drillings penetrated coal. Methane gas
percentage was unknown and cementation because of the kaolinite content

It was discovered that there are little gas reserves and gas emissions in the U/G of the
Barapukuria Coal Mine. The presumed reason is that there are many cleats in the coal
seam (high permeability), high permeability rock (sand stone) and many faults. Therefore,
much gas has already separated itself from the coal seams and the surrounding rock.

On the other hand, in the Jamalgonj field it has been reported that the Gondowana
sandstones (course to medium size) of which the sandwich coal seams are effectively
impermeable due to high compaction and cementation because of the presence of kaolinite
cement. Maybe the sandstones form seals above the gas bearing coal seams such as the
caprock. So there is a possibility to recover CBM in this field.

(2) UCG (Underground Coal Gasification)
The present and future situations of UCG are as follows.

Commercial operation or near commercial operation for UCG.

Australia, South Africa, China, Uzbekistan

— Mainly shallow coal seams in depth, which are not proper for the environment. Use at
power plants except Australia.

Countries on the study

India (a few trials), Canada (deep seams), USA, East Europe countries (deep seams),
Vietnam (Japanese trading companies): There is great interest in this matter.

In recent years, there have been many international conferences, but these main contents
are summaries and no open data regarding near commercial operation for UCG.

— Information related to operation process are very few due to patent problems.
Commercial operations of UCG at the deep coal seams where it is favorable for
environment problems not yet achieved especially raw gas materials.

A verification test is necessary to prove that UCG is possible for gasification of coal
economically and to produce raw material which is required for economic development.
(Test at Canada)

India: UCG is potentially suitable in the area. Energy demand is high, there are about 467
billion tons of possible coal reserves, about 66% of the reserves are in an intermediate
depth from the deep part, and there are lots of non-use low grade coals which have a high
ash content and low heating value. The realization of commercial UCG is accelerating.

Via the past UCG examination, most could not run except several examples in the shallow
coal seam in depth.

During many examinations, it was finished at a stage that suggests future possibility.

Based on the aforementioned situations, commercialization examples are expected to increase
worldwide in the next 5 years, but it will take time to apply this to Bangladesh as the general
technology due to problems technical know-how disclosure and the specialty of local differences.
In addition, Bangladesh received suggestions towards the enforcement of finance and UGC to be
accompanied from Australia for a coalfield of Jamalgonj in December, 2010, and a seminar was
held. The Bangladesh side had a high interest.

As Fig. 4-18 shows, the coal seams depth where the UCG was carried out is less than 350m from
the surface. Fig. 4-19 shows the current production sites. In Bangladesh as it is with CBM, wide
intelligence in consideration of future adaptability of CBM may be necessary.
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Source: PSMP Study Team

Fig. 4-18 The feature of coal seam for UCG

Current production site s
Source: PSMP Study Team
Fig. 4-19 Current operation site
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4.2.6  Domestic coal supply and quality forecasts, and issues

(1) Domestic coal supply forecasts
According to the forecast of domestic coal production, a high case, a base case and a low case have
been prepared. Table 4-5 shows the studied contents of each case. Table 4-6 indicates the domestic
coal production and forecasts the following contents in Table 4-5., Fig. 20, fig. 4-21 and Fig.4-22
shows the total annual production of the high case, the base case and the low case as a graph drawn
from Table 4-6.

However EMRD commented after completion of the forecast of domestic coal supply by PSMP
Study Team that upon approval of Coal Policy in the year 2011, GOB would look onward for
investment for Phulbari Coal Project. Taking into consideration that after getting investment
proposal and Government. approval and licenses with preparation time and consideration,
production will be forecasted after preparatory work and construction period from the year 2019.
Considering all the above factor, reference production figures given by EMRD are shown in a
parenthesis in Fig 4-6. These numbers show positive posture for the domestic coal production of
EMRD.

Table 4-5 The content of each case in Table 4-6

High Case Base Case Low Case
1. Sug:cessful Mining method of Ls ful Mini
2" slice ) : ucchesg uf ZHJn'Ir.]g 1. Pending of mining
2. Completion of new 2™ shaft method of 2 = slice method of 2™ slice
and f facilities for 1.5mt (about 50%) o -
U/G | BCMC production 2. Existing facilities are 2. Existing facilities are
3. Bangladesh people can mainly used. mainly used.
manage and operation of a | 3 Technology transfer 3. Technology traonsfer
coal mine by successful ratio is about 75%. ratio is about 55%.
technology transfer program
L Z/S ?S\?a?sogfgrc];g??ggl 1. F/S and governmental
1. F/S and governmental PP hedule and approvals, settlement
approvals are carried out on ?_Ut on_sT edule an of financial matters
schedule and financial matters Inancial matters are are taking long time.
are cleared. cleared (about 50%).
New | 5 Preparation and construction | 2- Preparation and 2. The delay of
MIN€ |\ vorks are on schedule. construction works are preparation and
3. Sufficient technical and on schedule. construction works
management support 3. Enough technical and | 3. Insufficient technical
management support and management
support
1. Successful result of the pilot
O/C mine at BCMC and 1. Some examination
environmental problems and remains after operation of
the resettlement problem are the pilot O/C mine and
Ived f i i .
Z?q;l:r?sic?r: production production was about 1. The operation of the
New ' 50%. pilot O/C become
O/C | ine | 2 F/Sandgovernmental 2. The delay of F/S and difficult and mining
approvals are carried out on governmental approvals method is shifted from
schedule and financial matters | and production plan 0/C to U/G.
are cleared. decrease to about 50%.
3. Preparation and construction | 3- The delay of initial
works are on schedule. mining plan
4. Successful operation

Source: PSMP Study Team
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Fig. 4-20 Domestic coal production (high case)
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Fig. 4-21 Domestic coal production (base case)
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Fig. 4-22 Domestic coal production (low case)
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Table 4-6  Forecast of domestic coal production (1,000t/y)

Domestic Coal Mine

Tola] coal Tota] coal ;?ELIICC‘?;L E;i::;niliﬁ?al S/I(ge: n,::vwo(l)éc Khalaspir giev;/'licgli e LB A0 Phulbari

i e M " . : . o R
' ' @oooty) |y (He) (lé’CG) (li’CG) o/c (He) | orc (8o (?/CC) Comton | ue (o) | uis(Be) | UG ey | Comtruction (UH’S) (lé/CG) UG (oy| Commuction (a’g) olc(BC) | oic (o) (CI_) Construction Schedule

2005 303 303 303 303 303| 303
2006] 388 388 388 388 388| 388
2007|677 677 677 677 677| 677
2008| 828 828 828 828 828| 828
2009| 850 850 640 850 850| 640
2010| 1,000 1,000 750 1,000 1,000( 750
2011| 1,000 1,000 850 1,000 1,000| 850 Coal Policy in force Coal Policy in force Coal policy in force
2012| 1,000 (1,200)| 1,000 (1,200)| 600 (800)|1,000 1,000| 600 (200) (200) (200) [F/S and Preparation Approval and license FIS
2013| 1,000 (1,200)| 1,000 (1,200)| 600 (800)}1,000 1,000| 600 '(200) (200) (200)|F/S and Preparation Preparation Approval and license
2014 2,000 (1,200)| 1,000 (1,200)] 700 (900)|1,000 1,000| 700{1,000 '(200) (200)[  (200)|Pilot Mining Const. (1t y) Preparation
2015| 2,000 (3,200)| 1,000 (2,200)] 700 (900)|1,000 1,000| 700{1,000 (200) (200)[  (200)|Pilot Mining Const. (2nd y) Const. (Isty) (2,000) (1,000)
2016| 1,000 (11,000)| 1,000 (7,000)] 700 (3,700)|1,000 1,000| 700 (6,000) (4,000)|  (2,000)|Evaluation of O/C Const. (3rd y) Const. (2nd y) (4,000) (2,000) (1,000)
2017| 1,000 (11,000)| 1,000 (7,000)] 700 (3.750)|1,000 1,000| 700 (6,000) (4,000)|  (2,000)|Preparation (1isty) Const. (4th y) Const. (3rd y) (4,000) (2,000) (1,000)
2018| 2,500 (14,000)| 2,000 (8,500)| 750 (4,750)|1,000 1,000| 750{1,000 (6,000)[1,000 (4,000)|  (2,000) 500((1,000) (500) Const. (4th y) (6,000) (3,000) (2,000) Preparation (st y)
2019| 4,500 (16,500)| 2,500 (9,500) 850 (4,850)|1,000 1,000 850(2,000 (6,000)[1,000 (4,000)[0 (2,000) 1,000{(1,000)| 500| (500) 500 (8,000) (4,000) (2,000) Preparation (2nd y)
2020| 7,000 (18,000)| 3,500 (10,500)|1,350 (6,850)|1,500 (1,000)[1,000| 850(3,000 (6,000)|1,000 (4,000)(0 (2,000) 1,500|(2,000){1,000|(1,000)| 500](1,000) 1,000 500 (500) (8,000) (4,000) (3,000) Const. (st y for O/C or U/G)
2021/10,000 (22,500)| 5,000 (13,000)[2,350 (7,850)]1,500 (1,000)[1,000| 850[5,000 (6,000)[2,000 (4,000)[0 (2,000) 2,000{(2,000)|1,000{(1,000)|1,000{(1,000) 1,500{1,000| 500|(1,000) (12,000) (6,000) (3,000) Const. (2nd y for O/C or U/G)
2022|12,500 (24,000)| 6,000 (15,000)|2,850 (7,850)1,500 (1,000)|1,000| 850|5,000 (6,000)[2,000 (4,000)|0 (2,000) 2,000 (3,000)[1,000|(2,000)|1,000((1,000) 2,000{1,000{1,000{(1,000) 2,000 (12,000)|1,000 (7,000)(3,000) (3,000) Const. (3rd y for U/G)
2023[14,500 (24,000)| 7,000 (15,000)|2,850 (7,850)}1,500 (1,000)|1,000| 850(5,000 (6,000)[2,000 (4,000)[0 (2,000) 2,000{(3,000)|1,000{(2,000)[1,000|(1,000) 2,000]1,000{1,000{(1,000) 4,000 (12,000)2,000 (7,000) (3,000) Const. (4th y for U/G)
2024(16,500 (24,000)| 8,000 (15,000)|3,850 (7,850)|1,500 (1,000)|1,000| 850(5,000 (6,000)[2,000 (4,000)[0 (2,000) 2,000{(3,000)|1,000| (2,000)|1,000(1,000) 2,000]1,000{1,000{(1,000) 6,000 (12,000)[3,000 (7,000)| 1,000 (3,000)| 500
2025(18,500 (25,000)| 9,000 (15,000)|4,850 (8,350)|1,500 (1,000)|1,000| 850(5,000 (6,000)|2,000 (4,000)[0 (2,000) 2,000{(4,000)|1,000|(2,000)1,000|(1,000) 2,000]1,000{1,000](1,000) 8,000 (12,000)|4,000 (7,000)| 2,000 (3,000)| 750
2026(24,500 (28,000)[12,000 (15,000)|6,350 (8,350)|1,500 (1,000)|1,000| 850(5,000 (6,000)[2,000 (4,000)[0 (2,000) 4,000 (4,000 2,000 (2,000)|2,500|(1,000) 2,000]1,000{1,000{(1,500) 12,000 (15,000)[6,000 (7,000)| 3,000 (3,000)(1,000
2027|26,500 (30,000)14,000 (16,000)|6,850 (8,350)|1,500 (1,000)|1,000| 850|5,000 (6,000)[2,000 (4,000)|0 (2,000) 4,000 (4,000)[2,000|(2,000)|1,500((1,000) 4,000{2,000{1,500((1,500) 12,000 (15,000)[7,000 (7,000)| 3,000 (3,000)(1,500
2028(26,500 (30,000)[ 14,000 (16,500)|6,850 (8,350)|1,500 (1,000)|1,000| 850(5,000 (6,000)[2,000 (4,000)[0 (2,000) 4,000|(4,000)|2,000|(2,000) |1,500|(1,000) 4,000]2,000{1,500(1,500) 12,000 (15,000)(7,000 (7,500)| 3,000 (3,000)(1,500
2029(26,500 (30,000)[ 14,000 (16,500)|6,850 (8,350)|1,500 (1,000)|1,000| 850(5,000 (6,000)[2,000 (4,000)[0 (2,000) 4,000](4,000)[2,000| 2,000)[1,500(1,000) 4,000{2,000{1,500(1,500) 12,000 (15,000)[7,000 (7,500)| 3,000 (3,000)(1,500
2030(26,500 (30,000)[ 15,000 (16,500)|7,000 (8,500)|1,500 (1,000)|1,000| 850(5,000 (6,000)|2,000 (4,000)(0 (2,000) 4,000((4,000)|2,000|(2,000)|1,650|(1,150) 4,000]2,000{1,500|(1,500) 12,000 (15,000)(8,000 (7,500)| 3,000 (3,000)(1,500

Remarks: The figures in a parenthesis show reference figures given by EMRD.
Source: PSMP Study Team
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(2) Quality of domestic coal
Table 4-7 and Table 4-8 show analytical value of Barapukuria and Khalaspir coal. These mines
have more than one coal seam. In the Barapukuria Coal Mine, mining is underway at the sixth coal
seam. Table 4-9 shows analysis result of Barapukuria coal by Japanese laboratory. According to
these analysis data, Barapukuria coal will be good coal for thermal power plant due to high melting
temperature, low sulfur and low ash content.

Table 4-7 Analytical values of Barapukuria coal

Speci_fic Inherent ke Ash Uizl Fixed [Fuel Ciloilifls Average Depth
Cosl gravity matter sulfur ratio value
seam moisture | content | content | content | carbon | * Cv this:I?rrgss
SG IM(%) | VM(%) | Ash(%) | TS(%) | FC(%) (kcal/kg) (m) (M)
| 1.39 35 31.7 19.2 1.33 455 |1.44| 5,859 1.8| 130-194
| 1.39 35 29.6 16.6 0.50 50.6 |[1.71| 6,696 10.9{ 132-253
11 1.57 3.6 29.2 12.6 0.62 54.7 |1.87| 6,811 1.5| 142 -277
v 1.38 3.0 30.8 16.3 0.52 48.7 [1.58| 6,833 1.3] 159 -306
\Y% 1.46 25 28.7 23.7 0.43 449 [1.56| 6,087 8.8| 162 - 326
Vi 1.37 2.3 314 11.8 0.65 53.4 |1.70| 7,087 36.2| 170 -450
VI 143 2.7 28.7 15.3 0.77 53.4 [1.86| 6,960 1.6| 204 - 492
Source: GSB
Table 4-8 Analytical values of Khalaspir coal
Inherent vlille Ash e Fixed Cellrife Average Depth
Cosl matter sulfur II;L:?(I) value —
seam | moisture | content | content | content | carbon CcVv thickness
IM(%) | VM(%) | Ash(%) | TS(%) | FC(%) (kcal/kg) (m) (M)
| 2.6 21.8 18.0 0.84 575 | 2.64 6,529 25| 162-159
| 2.3 17.4 18.4 0.96 60.5 3.48 6,391 12.0 162-253
11 1.3 40.4 24.9 0.69 51.3 1.27 5,990 1.8 172-277
v 1.4 24.0 17.5 0.90 57.0 | 2.38 6,531 1.9 | 189-306
\Y% 0.8 22.7 26.8 0.74 49.8 2.19 5,958 9.2 198-326
Vi 0.6 235 27.3 0.65 48.6 | 2.07 5,797 37.7 | 170-450
VII 0.5 25.3 19.9 0.87 543 | 2.15 6,433 1.9 | 204-492
Vi 0.7 23.8 21.6 0.51 54.0 2.27 6,257
Source: GSB

! Fuel ratio: Ratio of fixed carbon/volatile matter content. The ratio is used for a combustion
performance assessment index. Ordinary combustion performance range is 1.5< fuel ratio
<2.5.

A large ratio indicates inferior combustion performance, whereas a small ratio indicates
better combustion performance.
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Table 4-9 Analytical values of Barapukuria coal by Japanese laboratory

No.1 No.2 No.3 No.4 No.5
Barapukuria coal (Seam VI) Barapukuria coal (1) Barapukuria coal (2) Barapukuria coal (3) Barap ukuria coal (4)
As . As . As . As . As .
Received Ag Dry Dry Base Dry Ash Received Air Dry Dry Base Dry Ash Received Air Dry Dry Base Dry Ash Received Air Dry Dry Base Dry Ash Received Air Dry Dry Base Dry Ash
[Proximate analysis] Base ase Free bas¢] Base Base Free base] Base Base Free base] Base Base Free bas¢] Base Base Free base]
by JIS M.8812 (ar) (ad) (db) (daf) (ar) (ad) (db) (daf) (ar) (ad) (db) (daf) (ar) (ad) (db) (daf) (ar) (ad) (db) (daf)
Moisture () 23 13 95 104 9.1
Ash o) 1.9 122 1.7 13.2 114 12.6 12.3 137 11.5 126
Volatile Matter (D) 317 325 370 293 33.0 38.0 29.6 32.7 374 29.2 326 378 31.4 34.5 39.5
Fixed Carbon () 540 55.3 63.0 47.7 53.8 62.0 49.5 54.7 62.6 48.1 53.7 62.2 48.1 52.9 60.5
Total () 0.0 100.0 100.0 100.0 0.0 100.0 100.0 100.0 0.0 1000 100.0 100.0 0.0 100.0 100.0 100.0 0.0 100.0 100.0 100.0
[Ultimate analysis] Ash 132 Ash 126 Ash 137 Ash 126
By JIS M 8813 Carbon 733 84.4)Carbon 732 83.8]Carbon 729 84.5]Carbon 735 84.1
Hydogen 4.85 5.59Hydogen 484 5.54|Hydogen 482 5.59]Hydogen 4.86 5.56
Nitrogen 1.54 1.77]Nitrogen 1.54 1.76] Nitrogen 1.58 1.83|Nitrogen 1.57 1.80)
T. Sulphur (0.61) T. Sulphur (0.68) T. Sulphur (0.57) T. Sulphur (0.57)
Sulphur in Ash (0.10) Sulphur in Ash (0.08) Sulphur in Ash (0.08) Sulphur in Ash (0.08)
Sulphur 0.51 0.59)Sulphur 0.60 0.69] Sulphur 049 0.57)Sulphur 049 0.56}
Chlprine 0.058 0.07]Chlprine 0.057 0.07]Chlprine 0.054 0.06§Chlprine 0.056 0.06}
Oxygen 6.51 7.50§Oxygen 7.15 8.18] Oxygen 6.44 7.46|Oxygen 6.91 7.91
Total (%) 1000 100.0] Total (%) 1000 100.0] Total (%) 1000 100f Total (%) 1000 100
[Ash Analysis Report] SiO, 53.) SiO, 50.8} SiO, 59.0f SiO, 574
By JIS M 8815 Fe,0; 4.39 Fe,03 4.58 Fe,0; 3.96) Fe,0; 3.33
ALO3 33.9 ALO3 36.2 ALO; 30.4 ALO3 32.6
CaO 1.45 CaO 1.27) CaO 1.05 CaO 1.25
SO; 1.06) SO; 0.24] SO; 0.27] SO; 0.26
P,Os 0.95 P,Os 4.04] P05 0.72 P05 0.75
MnO 0.0 MnO 0.11) MnO 0.01] MnO 0.03
TiO, 2.30 TiO, 0.37] TiO, 1.9] TiO, 1.77
V205 0.1 V205 0.11) V205 0.0¢| V205 0.11
Na,O 0.0 Na,O 0.21) Na,O 0.12) Na,O 0.01
K0 0.83 K0 0.69 K0 0.70] K0 0.99
Total (%) 98.01 Total (%) 98.6 Total (%) 98.2 Total (%) 98.5
[Ash Fusibility Report] Deformation T(Oxidizing) =1,600]Deformation T(Oxidizing) =1,600]Deformation T(Oxidizing) =1,600]Deformation T(Oxidizing) =1,600
By JIS M 8801 Hemisphere T(Oxidizing) =1,600[Hemisphere T(Oxidizing) =1,600|Hemisphere T(Oxidizing) >1,600]Hemisphere T(Oxidizing) =1,600
Flow Temperature =1,600|Flow Temperature =1,600|Flow Temperature =1,600|Flow Temperature =1,600
Deformation T(Reducing) 1,590 |Deformation T(Reducing) =1,600|Deformation T(Reducing) =1,600]Deformation T(Reducing) =>1,600
Hemisphere T(Reducing) =1,600[Hemisphere T(Reducing) =1,600|Hemisphere T(Reducing) =1,600[Hemisphere T(Reducing) =1,600
Flow Temperature =1 ,600]Flow Temperature =1 ,600]Flow Temperature =1 ,600]Flow Temperature =>1,600
]
[Heating Value] ByJIS M 8814 ‘(k.]/kg) 30,1601By JIS M 8814 ‘(kJ/kg) 30,120|By JIS M 8814 ‘(kJ/kg) 29,150§By JIS M 8814 ‘(k.]/kg) 30,070
(HHV)  |(kcal/kg) 7,200 (HHV)  |(kcal/kg) | 7,190] (HHV)  |(kcal/kg) 6,960 (HHV)  |(kcal/kg) 7,180
[ [HGI] ByJISM 88017 51.2 51.1 50.4 507 |
Source: PSMP Study Team
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4.3  Current situations and issues of supply and demand of import coal
4.3.1 Present situations of overseas coal

(1) Coal resource
Compared with other fossil fuels, coal possesses an indirect environmental disadvantage in that it
produces more CO, during combustion. On the other hand, coal has a number of economic
advantages. Coal supply is stable owing to low uneven distributions in the world and coal is
inexpensive in terms of unit calorific value in Fig. 4-28.

North America and Europe account for more than a half of the minable coal reserves in the world,
followed by Asia. A minable period is obtained after the reserve (R) is divided by the production
volume (P). According to the calculation formula, oil has 41 to 42 minable years; natural gas, 60 to
67 minable years. On the contrary, coal had 122 minable years (R/P) at the end of 2008.

(2) Present situations of coal supply and demand
Fig. 4-23 shows volumes of thermal coal that are imported and exported in the world. According to
the figure, Japan is the largest importer of thermal coal in the world.

Total Exported

Coal: 698 million tons

Total Imported
Coal: 645 million tons

Source: IEA Coal Information 2009
Fig. 4-23 2007 Thermal coal imports and exports by nation
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(3) Forecast of coal supply and demand
Demand for coal is expected to increase in China, India, and other Asia-Pacific regions in the
medium- and long-terms. While natural resources nationalism has been emerging in coal producing
countries in recent years, coal prices remain stable at a low level. This trend may discourage new
investment in resource exploration and capital investment, limiting the number of entries of new
coal suppliers and the expansion of supply capacity potential. This may lead to an unstable balance
of coal supply and demand in the future.

The forecast of coal supply and demand by World Energy Outlook 2009 of IEA. the issue is what
situations are likely to occur if Bangladesh is going to import thermal coal from overseas,
especially in terms of price and quality. Especially the increase of coal demand of China & India is
big and China will be forecasted as a coal imported country.

Above is explaining the difficulty for fresh procurement of high heating value coal which is
generally traded between developed countries and contracted by a long term condition, and the
possibility of import low heating value coal which is possible to be procured by developing such as
Bangladesh is studied below.

(4) Present situation of coal producing countries
Fig. 4-24 illustrates changes in coal exports by the major coal-producing countries that could
export to Bangladesh when the transport distance is taken into account. A nation's coal export
capacity depends on the reserve volume and the infrastructure including port facilities. This
subsection describes the present situations in Indonesia, Australia, China, India, and South Africa.
It also refers to the United States only for reference because it possesses the largest coal reserve in
the world.
The issue is what import situation will be forecasted when Bangladesh begins to import thermal
coal from overseas. Critical issues will be quality and coal prices. These will be discussed in a later
section.
200
180
160
140

120
100

=}
o

Export [One million t]
o
o

NS
o o

o

1985
1986
1987
1988
1989
1990
1991
1992
1993
1994

o ©

D D

)]

- -
el

~
[=2]
(<2}
—
Calendar Year

e |ndonesia === Australia Russia South Africa ~ === Ching === Ukraine India

Source: IEA Coal Information (2009 Edition)

Fig. 4-24 Export volumes of coal from major producing countries that Bangladesh could
import

4.3.2  The coal supply and quality of import coal to Bangladesh

(1) Forecasting import coal supply
Fig. 4-25 shows world coal consumption trend as tracked by EIA. From this, it is apparent that coal
consumption has been escalating from 2002. Although it will be very difficult to estimate how
much coal Bangladesh will be able to import in the future, in terms of the coal quality, coal price
and concession issue, it will be possible for Bangladesh to import 20 to 30 million tons of coal in
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)
(@)

(b)

2030 from the viewpoint of the production capacity in India, Indonesia, Australia and Africa and
down-grading the coal specification (heating value) comparing to the present coal specification.
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Fig. 4-25 World coal consumption by country grouping

Quality of imported coal imported possibly by Bangladesh

Indian coal

Coal import from neighboring India is expected due to geographical conditions. However, from
the results of the study, it has become clear that increasing coal imports from 1.5mt - 3.0mt from
India at present is generally difficult due to a surge in domestic demand, even if possible at the
spot market.

Table 4-10 shows the specifications of the Indian coals which were used at brick factories in
Bangladesh. These are supposedly tertiary coals from Meghalaya coal fields in the Eastern part of
India because of high sulfur content, and relatively high ash content.

Indonesian coal

At present, it seems difficult that Bangladesh such as a new intended purchaser imports
Indonesian coal of high calorific value, like Australian coal. For coal of low calorific value,
Adaro coal is known well. In reality, Indonesia has concluded agreements with existing customers
to deliver such coal and has no extra capacity to export to new intended purchasers. For example,
a new coal mine located in the Province of Jambi in Sumatra produces dry-ash-free coal that
ranges 5,800 to 6,000kcal/kg. According to JORK, the measured coal reserve is 200 million tons
or more, and the stripping ratio is less than two. The land transportation distance is about 200km.
The coal mine could produce a fairly good amount of coal. Hence, to import such coal to
Bangladesh is more feasible than to import Australian coal.

Fig. 4-26 shows coal calorific value and 83% of total coal resources is under 6,100kcal/kg and the
proven reserve is 4Bt and a probable reserve is 16Bt. As the calorific value of present commercial
coal for export is about 5,500kcal/kg, it will be clear that coal having low calorific such as about
5,000kcal/kg is abandon in Indonesia.

There are two kinds of coal referred generally to Low calorific coal and Low rank coal. They are
distinguished the coal having high ash and low moisture, called sub bituminous coal and the coal
having low ash with high moisture, called lignite coal. The coal quality should be taken care of for
using these coals in a coal power plant as the lignite coal is easily to spontaneously combust during
stoking at pile or transporting by a ship.
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Coal quality as reference shows Table 4-11

1.10
14.93

59.00

H Low Medium High Very High

Quality Ccv Resources (mt) Reserves (mt)
(kcal/kg) |Hypothetic| Inferred | Indicated | Measured | Total (%) | Probable | Proven
Low <5,100 5,057.38| 6,579.48| 3,651.78| 5,750.16|21,038.80| 24.97| 4,292.15|1,105.40
Medium |5,100-6,100| 16,925.13|22,104.38| 9,041.44|10,866.96 |58,937.91| 59.00| 8,213.53|2,971.35
High 6.100-7,100| 1,560.00| 6,031.13 962.56 | 3,870.47(12,424.16| 14.93 670.79|1,275.86
Very High | >7,100 90.11 482.93 5.80 422.81| 1,001.65| 1.10 73.29| 109.18
Total 23,632.62 | 35,197.92 | 13,661.58 | 20,910.40 | 93,402.52 | 100.00 | 13,249.76 | 5,461.79

Source : Directorate General Mineral, Coal and Geothermal, 2007, Indonesia

Fig. 4-26 Coal resources every calorific value

(c) Australian coal
Both Queensland (QLD) and New South Wales (NSW) mostly trade with fixed customers. At
present, among their associated coal mines, no coal mine is going to increase coal of high grade
and boost sales. It will be unlikely to sell such high grade coal to new purchasers. However,
currently projected new coal mines may sell coal of low Hardgrave Grindability Index (HGI) that
has crashing trouble and coal of rather low calorific value. For reference, Table 4-11 list grades of
coal.

(3) Forecast of coal quality of import coal
In general it is predicted that planed power stations in Bangladesh will use blended import coals. It
is difficult to estimate the blend ratio of many kinds of coals. Based on the specifications of Table
4-9 (Barapukuria Coal), Table 4-10 (Indian Coal), Table 4-11 (Indonesian and Australian Coals),
Table 4-12 shows a comparison between Barapukuria Coal and import coals. The colored cells
show the problem figures utilized for power generation coal.

Table 4-13 shows specification summary of import coal and Table 4-14 shows average
specification of the import coals. It appears that most of the coal will be imported from Indonesia,
Africa and Australia. Referential data for the importable coal with high ash content and low
heating value to Bangladesh are not much, so here coal mixed with Indonesian and Australian coal
forecasted in the near future was used as data to assume coal specifications, using one specification
of Australian coal and four specifications of Indonesian coal in Table 4-13. And Table 4-14
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Average coal specification based on import coal ratio shows average coal specification based on
import coal ratio.

Table 4-10 Specifications of import coal using at brick factories in Bangladesh

No.6 No.7 No.8
Import coal (1) Import coal (2) Import coal (3)
Sampled at a brick manufacturer (Indian coal) | Sampled at a brick manufacturer (Indian coal) | Sampled at a brick manufacturer (Indian coal)
As . As . As .
) ) Received Agazery Dry Base F??(,-: ﬁ::e Received Agazgy Dry Base F??é ﬁ::e Received Agalz;y Dry Base F[:ga ﬁaS:e
[Proximate analysis] Base Base Base
by JIS M.8812 (ar) (ad) (db) (daf) (ar) (ad) (db) (daf) (ar) (ad) (db) (daf)
Moisture (%) 39 43 38
Ash (%) 248 25.8 241 252 255 26.5
Volatile Matter (%) 35.7 37.1 50.0 35.9 375 50.1 395 a1.1 559
Fixed Carbon %) 35.7 37.1 50.0 35.7 37.3 499 31.2 32.4 44.1
Total (%) 0.0 100.0 100.0 100.0 0.0 100.0 100.0 100.0 0.0 100.0 100.0 100.0
[Ultimate analysis] Ash 258 Ash 252 Ash 265
By JIS M 8813 Carbon 587 79.0 JCarbon 595 79.5 |Carbon 472 64.2
Hydogen 452 6.1 JHydogen 4.62 6.2 JHydogen 4.18 5.7
Nitrogen 0.79 1.1 INitrogen 0.77 1.0 |Nitrogen 0.69 0.9
T. Sulphur (3.57) T. Sulphur (3.84) T. Sulphur (6.33)
Sulphur in Ash (0.22) Sulphur in Ash (0.24) Sulphur in Ash (0.22)
Sulphur 3.55 4.8 JSulphur 3.64 4.9 JSulphur 6.11 8.3
Chlorine 0.006 0.0 JChlorine 0.006 0.0 JChlorine 0.004 00
Oxygen 6.68 9.0 |Oxygen 6.23 8.3 |Oxygen 15.30 20.8
Total (%) 100.0 100.0 JTotal (%) 1000 100.0 |Total (%) 1000 100.0
[Ash Analysis Report] |SiO, 41.6 SiO, 43.3] SiO, 30.8
By JIS M 8815 Fe,O3 28.1 Fe,O3 22.2) Fe,O3 46.3
Al,O3 24.9 ALO3 28.1 Al,O3 18.2
CaO 0.65 CaO 0.67] CaO 0.5
SOs; 0.74 SO; 0.73 SOs 0.51}
P05 0.01} P,Os 0.01 P05 0.01}
IMnO 0.01} MnO 0.01} MnO 0.01}
TiO, 1.42] TiO, 1.47 TiO, 1.0
V.05 0.04} V05 0.09 V.05 0.04}
Na,O 0.41} Na,O 0.19 Na,O 0.224
K20 0.36} K0 0.34} K0 0.27]
Total (%) 98.24 Total (%) 97.1 Total (%) 97.9
[Ash Fusibility Report] |Deformation T(Oxidizing) 1,475|Deformation T(Oxidizing) 1,465|Deformation T(Oxidizing) 1,445
By JIS M 8801 Hemisphere T(Oxidizing) 1,535|Hemisphere T(Oxidizing) 1,510|Hemisphere T(Oxidizing) 1,520
Flow Temperature (Oxidizing) 1,545)Flow Temperature 1,515)Flow Temperature 1525
Deformation T(Reducing) 1,415)Deformation T(Reducing) 1,310)Deformation T(Reducing) 1,365
Hemisphere T(Reducing) 1,470lHemisphere T(Reducing) 1,375|Hemisphere T(Reducing) 1,435
Flow Temperature (Reducing) 1,5000Flow Temperature 1,410]Flow Temperature 1,460
[Heating Value] By JIS M 8814 (kJ/kg) 24,2101By JIS M 8814 (kJ/kg) 22,3801By JIS M 8814 (kJ/'kg) 18,960
(HHV)  |(kcal/kg) 5,781 (HHV)  |(kcal/kq) 5,344 (HHV)  |(kcalkkq) 4,528
[HGI] 529 52.3 52.4
By JIS M 88017

Source:

PSMP Study Team
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Table 4-11 Specification examples of importable coals from Indonesia and Australia use in

Bangladesh
No.9 No.10 No.11 No.12
Import coal Import coal Import coal Import coal
Indonesian Coal (1) Indonesian Coal (2) Australian Coal (1) Australian Coal (2)
As . Dry Ash As . Dry Ash As . Dry Ash As . Dry Ash
Received Ar Dry Dry Base rFyree Received Ar Dry Dry Base rFyree Received Air Dry Dry Base rFyree Received Air Dry Dry Base rFyree
[Proximate analysis] Base Base base Base Base base Base Base base Base Base base
by ISO (ar) (ad) (db) (daf) (an) (ad) (db) (daf) (an) (ad) (db) (daf) (an) (ad) (db) (daf) |
Moisture () 25.0 18.0 23.5 18.0 14.0 9.0 18.5 9.0
Ash [O) 4.1 4.5 55 2.8 3.0 9.9 10.5 11.5 7.2 8.0 8.8
Volatile Matter Co) 34.8 38.0 46.3 49.0 35.5 38.0 39.2 415 45.6 51.5 28.2 315 34.6 38.0
Fixed Carbon (%) 36.1 39.5 48.2 51.0 38.3] 41.0 36.9 39.0 42.9 48.4 46.1 51.5 56.6 62.1
Total () 100.0 100.0 100.0 100.0 100.0 100.0 0.0 0.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
[Ultimate analysis] Ash 5.5 Ash 3.00 Ash 11.5 Ash 8.8
by ISO Carbon 70.4 74.5 |Carbon 73.33 75.6]Carbon 67.97 76.8]Carbon 73.20 80.20]
Hydogen 4.19 4.4 |Hydogen 5.24 5.40jHydogen 5.13 5.80|Hydogen 4.50 5.00
Nitrogen 1.42 1.5 |Nitrogen 1.46 1.51]Nitrogen 0.89 l.OOlNitrogen 2.00 2.20
T. Sulphur 1.13 1.2 |T. Sulphu 0.25(adb) T. Sulphur 0.35 0.40]T. Sulphur 0.70 0.70]
Sulphurin Ash Sulphur in Ash | Sulphur in Ash Sulphur in Ash
Sulphur Sulphur | 0.19 0.20}Sulphur Sulphur
Chlorine 0.006 0.0 |Chlorine 0.01(adb) Chlorine Chlorine
Oxygen 17.39 18.4 |Oxygen | 16.78 17.30JOxygen 14.16 16.00JOxygen 10.80 11.90
Total (%) 100.0]  100.0 | Total (%) [ 100.0] 100.0[Total (%) 100.0]  100.0|Total (%) 100.0/ 100.00)
[Ash Analysis Report] |SiO, 24.67) SiO, 36} SiO, 47.1 SiO, 54.0
by ISO Fe,0, 11.89 Fe,0, 14.9 Fe,O, 3.40 Fe,0, 13
Al,O0, 14.24 ALO, 13.9 ALO, 27.3 ALO, 2]
CaO 13.59 CaO 12.7) CaO 7.79 CaO 3.9
SO, 20.34 SO, 10.9) SO, 5.37] SO, 1.4
P05 0.5 P,Os 0.2 P,Os 0.08 P,Os 1.1
MnO MnO MnO 3.39 MnO
MgO 4.89 MgO 8.9 MgO 2.27] MgO 1.9
TiO, 0.72] TiO, 0.80) TiO, 1.4 TiO, 0.9
V205 0.524 ;05 V,05 0.443 V,05
Na,O 7.2 Na,O Na,O 2.25 Na,O 0.9
K0 1.7¢f K0 1.7 K0 0.66) K0 0.60)
Total (%) 100.36 Total (%) 99.3 Total (%) 101.5] Total (%) 99.6
[Ash Fusibility Report] [Initial Deformation (RA) 1,050 [Initial Deformation (RA) 1,150 [Initial Deformation (RA) 1,260]Initial Deformation (RA) 1,170
by ISO Sphere(Softening Temp)(RA) 1,100 |Sphere(Softening Temp)(RA)|] 1,180 [Sphere(Softening Temp)(RA) 1,330)Sphere(Softening Temp)(RA) 1,210
Hemisphere T(RA) 1,125 |Hemisphere T(RA) 1,200 JHemisphere T(RA) 1,340§Hemisphere T(RA) 1,260
Flow Temperature (RA) 1,150 |Flow Temperature (RA) 1,230 |Flow Temperature (RA) 1,370JFlow Temperature (RA) 1,300
[Heating Value] Gross air dried (kJ/kg) 23,032 Gross air dried (kJ/kg) Gross air dried (kJ/kg) 25,921)Gross air dried (kJ/kg)
by ISO (keal/kg) 5,500 (kcal/kg) 5,750 (kcal/kg) 6,190§ (kcal/kg) 6,400}
Gross as received  (kJ/kg) 20,938 Gross asreceived (kJ/kg) Gross as received  (kJ/kg) 24,497)Gross as received  (kJ/kg)
(kcal/kg) 5,000 (kcal/kg) 5,350 (kcal/kg) 5,850) (kcal/kg) 5,760
[HGI] 47 42 35-36 53
by ASTM

Source: PSMP Study Team

Table 4-12 Comparison of Barapukuria coal and import coal

. Indian Coal (B) . Australian
Barapukuria Coal Indonesian Coal
(Meghalaya) Coal
Moisture (%) 9.1~11.3 3.8~39 18 9
) | Ash(%) 11.4~12.3 241~255 3.0~45 8.0~10.5
Proximate Analysis -
Volatile matter(%) 29.2~31.4 35.7~39.5 38 31.5~415
Fixed Carbon(%) 47.7~49.5 31.2~37.3 39.5~41.0 39.0~51.5
. . Nitrogen 1.54~1.58 0.69~0.77 1.42~1.46 0.89~2.00
Ultimate Analysis
Total Sulphur 0.57~0.61 3.57~6.33 1.13 0.35~0.70
o Softening point >1,600 1,445~1,475 1,050~1,150 1.170~1.260
Ash Fusibility - -
Melting point of ash =1,600 1,515~1.545 1,100~1,180 1.210~1.330
Calorific Value (HHV) 6,960~7,200 4.528~5.781 5,500~5,750 6.190~6.400
HGI 50.4~51.2 52.3~52.9 42~47 35-36. 53
Fuel ratio (Fixed Carbon / VM) 151 0.87~0.94 1.04~1.07 1.23~1.24
L Sub-bituminous | Sub-bituminous Bituminous
Coal Bituminous Coal
coal coal Coal

Source: PSMP Study Team
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Table 4-13 Specification Summary of import coal

Australian|Indonesian|Indonesian|Indonesian|Indonesian :;3?;?::] Blending
Coal (A) [Coal (B) |Coal (C) [Coal (D) |Coal (E) (©)

Blending Ratio (%) 15 25 25 25 10 100
Moisture (Ar. %) 18.5 35.0 22.4 15.0 50.0 14.3 25.9
[Proximate analysis] |Moisture 9.0 215 14.3 22.0 15.0 5.4 17.3
(%) Ash 13.0 6.5 10.0 6.5 8.0 2.8 8.5
Volatile Matter 315 38.0 39.5 38.1 457 5.1 38.2
Fixed Carbon 46.5 34.0 36.2 334 313 6.0 36.0
[Ultimate analysis] Carbon 76.5 72.3 76.2 24 74.8
(%) Hydrogen 5.8 49 55 0.5 53
Nitrogen 1.0 1.0 1.2 0.1 11
T. Sulphur 0.8 0.7 1.1 1.2 0.5 0.3 0.9
Oxygen 16.0 211 16.0 2.9 18.0
[Ash Fusibility Report]|Initial Deformation 1260 1190 1,220 35.1 1,218
(Oxidizing,C) Sphere(Softening Temp) 1330 1210 1,240 62.4 1,249
Hemisphere T 1340 1210 1,280 65.1 1,267
Flow Temperature 1370 1240 1,300 1,100 114.7 1,312
[Heating Value] Gross air dried( HHV . kcal/kg) 5,300 5,000 5,300 4,800 5,000 216.8| 5,070
HGI 443 60.0 50.0 50.0 75.0 12.1 54.1
Fuel ratio: Fixed Carbon/Volatile Matter 15 0.9 0.9 0.9 0.7 0.3 0.9

Source: PSMP Study Team
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Table 4-14 Average coal specification based on import coal ratio

(Australian A: Indonesian B: Indonesian C:
. . Indonesian D: Indonesian E
Blending Ratio (%) =15%:25%:25%:25:10%)
Average Fluctuation
Moisture (Ar. %) 259 25.9+14.3
[Proximate analysis] Moisture 17.3 17.3+£54
(%) Ash 8.5 84+28
Volatile Matter 38.2 38.2+3.6
Fixed Carbon 36.0 36.0+6.0
[Ultimate analysis] Carbon 74.8 748124
(%) Hydrogen 5.3 53+£05
Nitrogen 1.1 1.1+0.1
T. Sulphur 0.9 09+0.3
Oxygen 18.0 18+29
[Ash Fusibility Report] | Initial Deformation 1,218 1218 £35.1
(Oxidizing,C) Sphere(Softening Temp) 1,249 1249 +62.4
Hemisphere T 1,267 1,262 £ 65.1
Flow Temperature 1,312 1,312 £+ 114.7
[Heating Value] Gross air dried( HHV, kcal/kg) 5,070 5,070 + 216
HGI 54.1 54.1+12.1
Fuel ratio: Fixed Carbon/Volatile Matter 0.9 09+0.3

Source:
4.4
44.1

(1) Economic challenges

PSMP Study Team

Practicable measures for import coal in Bangladesh

Organizational Structure related to import coal

Import of coal in Bangladesh has the following challenges:

(2) The proposed measures
Bangladesh has no experience with a large amount of import coal used in thermal power plants, so
that the following items have been considered for the short, medium and long term in order to
assist the situation. Therefore the term of relating to import coal will come up with in the Coal
Policy that is announced in future.

(a) Short term

Negotiation ability for the purchase price and coal specification

Understanding the international coal market

Transition to long-term contracts from spot contracts in order to stabilize the price
Investment issues for coal mine development to ensure the right to import
Coordination of domestic infrastructure

The coal supply system will be changed depending on government operation or private
management to a coal power plant and the system is examined as government operation. In the
short term, tenders for the construction of coal-fired power plants shall be proposed for the
package plan of the stable coal supply corresponding to true consumption. In the result, coal
supply security will ensure stable coal power plant operations in Fig. 4-27.
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In this case, the foreign coal trading company and local import coal company found a national
trading company for importing coal as J/ V in Bangladesh, which is responsible for coal supply
in each power station. During this period, coal prices will be somewhat expensive, because the
foreign coal company's handling cost will be added to the price. On the other hand a long term
contract will be prospective since the coal supply to a new power plant will be secured for long
time.

Proposed coal
power station A

Proposal of A coal power

+ —> station — Construction — Operation

Coal Trading
Company

| Import coal supply |

Bangladesh Coal Import
Company (J/V) for A plant Bangladesh Government

A

»
»

Source: JICA PSMP Study Team
Fig. 4-27 The proposed measures for import coal in short term

(b) Medium and long term
According to the situation, coal consumption is assumed to be about more than10 million tons.
About this time local companies will acquire experience of import coal and will also get used to
practices of import coal, so the company shall handle import coal alone in Bangladesh and shall
aim to import coal more economically.

4.4.2 How to import contracts
In Japan, almost 100 percent of the coal depends on steel imports and power industries, because
stability is required to avoid risk, so that there are lots of long-term contracts needed to secure coal
guantity. When a long-term contract for more than one year and a spot contract is defined as less
than 1 year, the power industry in Japan long-term contracts are 70% to 80%, and spot contracts are
said to be 20 to 30 percent.
For long-term contracts, such as those by a leading trading company that is investing in coal mine
development, it is common to secure the quantities according to proportion.
When developing large-scale coal mines, many mining companies want long-term contracts because
of lower accuracy of funding as mainly assuming spot contracts. On the other hand, small scale coal
mines tend to prefer spot contract, because they are afraid the risk cannot secure the export volume
under some circumstances.
As a recent trend, In order to lower procurement costs, various technigques have been published for
either.

(1) Example of the A power company
An energy trading joint venture with a French company was J/V- A company established in
December 2007. Since February 2008, J/V- A company has been responsible for procuring and
transporting about half of the coal portfolio worth 10 million tons per year and has been
responsible for the logistics of the whole 10 million tons for the A power company.
This example seems to be a reference for Bangladesh, so approaches which the A Power Company
announced are shown below.
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B Power companies deal in large quantities with a small number of suppliers, while J/V- A
aspires to deal with as many suppliers as possible.

B Many power companies decide on contracts in March and in October, A J/V- throughout
the year makes a purchase.

B Doing business directly with customers - not through the agent.

B By using financial transactions in accordance with customer wishes, a fixed price or even
an index price can be accepted.

B The company must not only buy, but make sales. If the A power company has trouble in
the power station, the company carried out in accordance with the sales contract, it is
possible to avoid oversupply.

B A J/V- has adopted a Decision Support System in order to conduct transactions faster.
Thus, trading opportunities which were missed so far can be obtained.

B J/V-A evaluates the business based on market price. The Newcastle FOB price for the
benchmark. and Newcastle Index (Global Call) is used.

(2) Example of the B power company

The Company has imported approximately 10 million tons of coal per year from overseas. In
procuring coal, there are long-term contracts including the 10-year and yearly contracts on a one
year basis. The Company creates a powerful combination of spot contracts based on competitive
bidding by the two and takes the balance of supply and economic stability.

On spot contracts, since 2000, the company introduced a system of reverse auctions dealing with
the seller who offered the best price on their website. Further, since fiscal 2001, the company has
implemented specific procurements that appoint the specifications of the available coal regardless
of the brand.

Hong Kong Power and Taiwan Power have also conducted transaction like the above examples.
This method remains a risk that suppliers will bid for only those power companies in a strong
financial position. Further, new on the international competitive bidding procurement of overseas
coal, the company introduced a system of international competitive bidding purchasing coal on the
Internet. This is for competitive bidding for overseas business partners and others of which the
company's EDI (Electronic Data Interchange) server is intended to use. In overseas coal
procurement via international bids, the introduction of its own bidding system is unprecedented in
the power industry.

4.4.3 System of transportation of coal

The shipping system for imported coal will be freight by ship using a bulk coal carrier. It is growing
in size recently and the pay load (PLD) increases to 300,000 t class. However, when thinking about
the coal imports in Bangladesh, the depth of the Bay of Bengal in Bangladesh is overall shallow and
the big vessel has difficulty reaching the shore. Bangladesh’s commercial port is only Chittagong
and Mongla and the draft is about 9m, and about 30,000t will be limited to the ship that can enter
the port as the maximum payload now, though it differs and exists by the ship type. Therefore, it
will be necessary to require the ship of about 30,000t when considering the import of coal.

4.4.4  Necessity of a coal center
There is the introduction of a coal center as a method of solving the above issue. The coal center is
to stock the imported coal and to transport it to necessary second places. There are coal centers in
every country in the world. A case example for Japan is shown in the Appendix.

In the case of Bangladesh, the candidate site of a coal power station close to the seashore is too
shallow for a big ship to reach there directly. As a result, it is considered best that a coal center with
harbor equipment with deep depth far from the power plant is developed and a handling system that
supplies import coal to the power plant via the second transportation with the inland vessel is also
established.
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The development of a large-scale coal center requires the development of a deep harbor. The
development of the harbor facilities is indispensable so that Bangladesh will be able to accomplish
development mainly in the export processing industry in the future. The Ministry of Shipping is
planning to carry out F/S in earnest. Therefore, the development of the coal center should be united
with the development of the harbor facilities and the development should proceed with the
cooperation between other sections of the government.

4.5  Study of coal price scenario
Regarding domestic coal, the government decides its price in reference to international prices as
written in Draft Coal Policy. Regarding international coal trade, the FOB and Cost, Insurance and
Freight (CIF) are general for coal prices. When a final domestic consumer receives import coal, coal
price becomes CIF plus expenses [port charges, taxes, handling fees and domestic transport fees (ship,
rail and truck) and others].

In the event of coal price forecasts, World Energy Outlook by IEA is generally used as reliable data.
Table 4-15 is reported on the Table 4 Fossil -fuel price in the Reference Scenario in the Edition 2009
and mentions coal prices by 2030 in OECD. This Scenario is for OECD countries not for developing
countries like Bangladesh who are new coal importers for coal power generation. So PSMP Study
Team considers that these figures are not related to the import coal prices for Bangladesh. Therefore,
in this study the study team originally set up every price as mentioned in APPENDIX - 4 and the
forecast of total import coal price for power stations is mentioned as summary in Table 4-16, Table
4-17 and Table 4-18.

Regarding the judgment of import coal price in Bangladesh, prices of other energy resources are
studied for reference. Fig. 4-28 shows the change of unit prices for CIF at 1,000 kcal/kg of each
energy source which Japan imported.

Comparing to every energy source, all energy unit prices skyrocketed especially in 2008 and slumped
in 2009. Including this case coal price, from this table it is clear that coal is a very cheap energy
source compared to others and it is obvious that Bangladesh rely on coal as an energy source in the
future.

Table 4-15 Fossil-fuel price assumption in the reference scenario

Unit 2000 2008 2015 2020 2025 2030
Real terms (2008 prices)
IEA crude oil imports barrel 34.30 97.19 86.67 | 100.00 | 107.50 | 115.00
Natural gas imports
United States MBtu 4.74 8.25 7.29 8.87 10.40 11.36
Europe MBtu 3.46 10.32 10.46 12.10 13.09 14.02
Japan LNG MBtu 5.79 12.64 11.91 13.75 14.83 15.87
OECD steam coal imports tonne 41.22 | 120.59 91.05 | 104.16 | 107.12 | 109.40
Nominal terms
IEA crude oil imports barrel 28.00 97.19 | 101.62 | 131.37 | 158.23 | 189.65
Natural gas imports
United States MBtu 3.87 8.25 8.55 11.66 14.78 18.73
Europe MBtu 2.82 10.32 12.27 15.89 19.27 2311
Japan LNG MBtu 4.73 12.64 13.96 18.07 21.83 26.17
OECD steam coal imports tonne 33.65 | 120.59 | 106.77 | 136.84 | 157.67 | 180.42

Source: IEA World Energy Outlook 2009
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Fig. 4-28 Comparison of the unit price of CIF by energy sources

45.1 Forecast of total coal price of import coal
Coal prices at the power plant are the total costs which are FOB+ F&I (Freight and Insurance) +the
transport & handling cost from the port of import to the power plant In APPENDIX 4. Here the total
price estimation is calculated using an estimated unit price of FOB (1,000kcal/kg) at New Castle
Port by 2030 at AP Fig. 4-7 and AP Table4-11, F&I Estimation at AP Table 4-14 and Domestic
Handling cost Estimation at AP Table 4-15.

Table 4-16 shows the grand total price of coal which Bangladesh will be able to get when its
average HHV (High Heating Value) is 5,100kcal/kg. For reference and comparison, Table 4-17
shows the grand total price in case of HHV=6,100kcal/kg, Table 4-18 shows the ground total price
in the case of imported coal with HHV=7,100kcal/kg such as Barapukuria coal. B) shows those
cases where there are no handling costs borne by power plant locations.
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Table 4-16 Grand total coal price (HHV=5,100 kcal/kg)

FOB Price i i

e Feignt & e | "IN | Crd Tt of oo e

vear (US$/t) (US$/t) (US$/t) (US$/t)
High Case Base case High Case Base case High Case Base case

2010 64.6 58.8 15.0 15.0 12.0 91.6 85.8
2011 69.5 62.3 15.9 15.8 12.7 98.2 90.8
2012 74.4 65.6 16.9 16.5 135 104.8 95.7
2013 79.3 68.9 17.8 17.3 143 111.3 100.5
2014 84.1 72.0 18.7 18.0 15.1 117.9 105.2
2015 88.8 75.1 19.6 18.7 16.1 1245 109.9
2016 93.6 78.1 20.4 194 17.0 131.0 1145
2017 98.2 81.0 21.3 20.1 18.0 137.6 119.1
2018 102.9 83.9 22.2 20.7 19.1 144.2 123.7
2019 107.5 86.7 23.1 21.4 20.3 150.8 128.3
2020 1121 89.4 23.9 22.0 215 157.5 132.9
2021 116.6 92.1 24.8 22.6 22.8 164.2 1375
2022 121.2 94.7 25.6 23.3 24.1 171.0 142.1
2023 125.7 97.3 26.5 23.9 25.6 177.8 146.8
2024 130.2 99.8 27.3 24.5 27.1 184.6 1514
2025 134.6 102.3 28.2 25.1 28.8 191.6 156.2
2026 139.1 104.8 29.0 25.7 30.5 198.6 160.9
2027 143.5 107.2 29.8 26.2 32.3 205.7 165.7
2028 147.9 109.6 30.7 26.8 34.3 212.9 170.6
2029 152.3 111.9 315 27.4 36.3 220.1 175.6
2030 156.7 114.3 32.3 27.9 38.5 227.5 180.7

Source: PSMP Study Team
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Table 4-17 Grand total coal price (HHV=6,100 kcal/kg)

FOB Price i i

( 6,100kcal/kg) g SIEEE Haggéltng Str'?'gir-{g;?IP%t/v%?aSIt:trigﬁ

vear (US$/t) (US$/t) (US$/t) (US$/t)
High Case Base case High Case Base case High Case Base case

2010 76.0 69.1 15.0 15.0 12.0 103.0 96.1
2011 81.8 73.3 15.9 15.8 12.7 110.4 101.8
2012 87.6 77.2 16.9 16.5 135 117.9 107.2
2013 93.3 81.0 17.8 17.3 143 125.3 112.6
2014 98.9 84.8 18.7 18.0 15.1 132.7 117.9
2015 104.5 88.4 19.6 18.7 16.1 140.1 123.1
2016 110.1 91.9 204 194 17.0 1475 128.3
2017 115.6 95.3 21.3 20.1 18.0 154.9 133.4
2018 121.0 98.7 22.2 20.7 19.1 162.4 138.5
2019 126.5 102.0 23.1 21.4 20.3 169.8 143.6
2020 131.9 105.2 23.9 22.0 215 177.3 148.7
2021 137.2 108.3 24.8 22.6 22.8 184.8 153.8
2022 142.6 111.4 25.6 23.3 24.1 192.3 158.8
2023 147.9 1145 26.5 239 25.6 200.0 163.9
2024 153.2 117.4 27.3 24.5 27.1 207.6 169.1
2025 158.4 120.4 28.2 25.1 28.8 215.3 174.2
2026 163.6 123.3 29.0 25.7 30.5 223.1 179.4
2027 168.9 126.1 29.8 26.2 32.3 231.0 184.7
2028 174.0 128.9 30.7 26.8 34.3 239.0 190.0
2029 179.2 131.7 315 27.4 36.3 247.0 195.4
2030 184.4 134.4 32.3 27.9 38.5 255.2 200.8

Source: PSMP Study Team
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Table 4-18 Grand total coal price (HHV=7,100 kcal/kg)

FOB Price . i i

e P& e | PN | G T ofCoe Pre

ear (US$/t) (US$/t) (US$/t) (US$/t)
High Case | Base case | High Case | Base case High Case | Base case

2010 89.9 81.8 15.0 15.0 12.0 116.9 108.8
2011 96.8 86.7 15.9 15.8 12.7 125.4 115.2
2012 103.6 914 16.9 16.5 135 134.0 1214
2013 110.4 95.9 17.8 17.3 14.3 142.4 1275
2014 117.1 100.3 18.7 18.0 15.1 150.9 1334
2015 123.7 104.6 19.6 18.7 16.1 159.3 139.3
2016 130.2 108.7 20.4 194 17.0 167.7 145.2
2017 136.8 112.8 21.3 20.1 18.0 176.1 150.9
2018 143.2 116.8 22.2 20.7 19.1 184.6 156.6
2019 149.6 120.7 23.1 21.4 20.3 193.0 162.3
2020 156.0 124.5 23.9 22.0 21.5 201.5 168.0
2021 162.4 128.2 24.8 22.6 22.8 210.0 173.6
2022 168.7 131.8 25.6 23.3 24.1 2185 179.3
2023 175.0 135.4 26.5 23.9 25.6 227.1 184.9
2024 181.2 139.0 27.3 245 27.1 235.7 190.6
2025 187.4 142.5 28.2 25.1 28.8 244.4 196.3
2026 193.6 145.9 29.0 25.7 30.5 253.1 202.0
2027 199.8 149.2 29.8 26.2 32.3 262.0 207.8
2028 206.0 152.6 30.7 26.8 34.3 270.9 213.6
2029 2121 155.8 315 27.4 36.3 279.9 2195
2030 218.2 159.1 323 27.9 38.5 289.0 225.5

Source: PSMP Study Team
4.5.2 Domestic coal price estimation

(1) Setting up domestic coal price
Regarding domestic coal as mentioned in the Draft Coal Policy, the Bureau is to calculate and
publish, the export coal price (ECPt) based on the International Coal Price Index. The export coal
price (ECPt) per ton is expressed for the US dollar, and it is the average of the international price
over the past three months. There is the domestic coal price in the bank for ECPt x 0.7.

In order to estimate the coal price by 2030, actual coal price at present was compared and studied.
Table 4-19 shows the selling price of US$71.5 for the Barapukuria power plant in July 2008. It is
clear that this is equal to FOB price of 7,100kcal/kg coal in the Base case.

Domestic coal price is cheaper than about 25-30% of the import coal prices received at the power
plant.
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Table 4-19 Comparison with selling price of Barapukuria coal in results

Actual FOB G._Total of Coal Comparison | Comparison Comparison
coal 7 100kcal/k CIF price at Thermal with FOB with CIE with actual
price ! g Power Station price

(US$/t) (US$/t) (US$/t) (US$/t)

715 715 84.9 95.5 1.00 0.84 0.75

Source: PSMP Study Team

(2) Domestic coal price estimation
FOB Price on Table 4-20 are estimated domestic prices. Here the estimated price is a case of 7,100
kcal/kg coal equal to Barapukuria coal, because the price fluctuates due to the heating value. But
this price is the case that the coal is delivered to the power station via belt conveyor like the
Barapukuria coal mine. Therefore, the coal price is studied again for delivery methods.

Table 4-20  Selling price of domestic coal

FOB Price
— (' 7,100kcal/kg)
(US$/t)
High Case Base case

2010 89.9 81.8
2011 96.8 86.7
2012 103.6 91.4
2013 110.4 95.9
2014 117.1 100.3
2015 123.7 104.6
2016 130.2 108.7
2017 136.8 112.8
2018 143.2 116.8
2019 149.6 120.7
2020 156.0 1245
2021 162.4 128.2
2022 168.7 131.8
2023 175.0 1354
2024 181.2 139.0
2025 187.4 142.5
2026 193.6 145.9
2027 199.8 149.2
2028 206.0 152.6
2029 212.1 155.8
2030 218.2 159.1

Source: PSMP Study Team

4-45



Power System Master Plan 2010

4.6

Risk assessment and recommendation for stable supply of coal to new coal-fired power plant

Overall risk assessment is summarized in Table 4-21. The evaluation point rankings are on a scale from 1 to 5 with 1 being the most inferior and 5 being the

most superior.

Table 4-21 Overall risk assessment

U/G Domestic Coal O/C Domestic Coal Import Coal
Grade Assessment articles Grade Assessment articles Grade Assessment articles
+ Precondition : O/P is possible ] PP, . ; ; ;
@® Coal Supply 2 * Judging from the coal production 4 * Not yet clear relating to the control 5 Earggondltlon - Playability for international price
Stability situation of BCMCL }gﬁ&nﬁ!ggy against Upper Dupi Tila - Coal is the cheapest in all energy sources.
@ Flexibility of - The production is limited by The mining facility can be increased and . o i
production 2 facility of coal mine in U/G mining 4 decreased easily. 5 The quantity is more flexible in market.
+ Production cost mainly depends on ISR ; ; ; ; ;

- Py : + Precondition : Above mentioned. - Coal price depends on international market price.
© Coal  Price 4 natural condition. Here coal Oprlce 4 + Precondition :Mentioned at the left but 1 - More stable after getting long term trading
Stability is supposed to maintain 75% of production cost is uncertain contract

international market price. ' '
@ Coal quality + Domestic coal quality is known in . . : :
Stability 5 advance and the quality is kept. 5 The same as the left 3 Coal quality usually fluctuates by coal prices.
+ The environment problems like + Comparing to U/G mining, the range of - No environment impact due to mining in
®Environment 3 surface subsidence, underground 1 environment impact is large area. 5 Bangladesh
water will occur together with coal - Water drainage problems are widely + There are environment impacts due to port
production influenced by ground water. facilities and coal handlings.
+ There is no permitted example in
. : Bangladesh and there is the big
®The period to Aeriglcaiw \(/:v(;ﬁl rrrl]Lr:e% ?ﬁ;ﬁmﬂmenst aftereffect about some complications for - Coal production Countries are distributed
realize coal 5 pears after starting  exploration 3 the Phulbari Project. 4 throughout world, it depends on completion
supply goring works 9 P + Thinking about the present situation, a period of related facilities in Bangladesh.
‘ new coal mine development period will
need more than 10 years
@ Employment . -
creation 5 (Zb7i(r)é)c¥;/orkers/mllllon tons 4 + About 1/3 workers against U/G Mine. 2 + Workers relating to domestic coal handling
® Difficulty + Training method for mining, safety
of training of 3 technology, Construction  of 4 (Same as left) 5 + Coal quality & coal analysis technology
engineer qualification system
Comprehensive . : + At present stage, development possibility . : : :
assessment © New Coal Mines are planed. A is not clear. © Import coal is required as well as in the future.
Source: PSMP Study Team

4-46




Power System Master Plan 2010

4.7

4.7.1

4.7.2

A road map and an action plan for the master plan embodiment
The issues of supply of domestic and import coal are listed here from the perspective of the short,
medium and long term.

Domestic coal

Table 4-22 A road map and an action plan for domestic coal

Required quantity
of coal in the .
milestone of M/P Issues Action Plan
(1,000t/y)
® Only Barapukuria coal | —Determination  of the
mine produces coal and feasibility by early study and
the mining method for 2nd implementation of 2nd slice and
slice and actual coal after
700 roduction —Early implementation of pilot
Short-term | _” ® The evaluation result of O/C coal mine and formulation
goal 2000 pilot O/C coal mine and of national strategy
' decision of mining method | —Positive governmental support
of O/C and/or U/G in the for realization of a new coal
future. mine.
® The progress of new coal
mine construction.
® Completion of two new | —Department of management of
coal mines and coal mine will be necessary in
commencement of governmental body
Medium 2,850 production ] —Establishment of system of
—term qoal | = ® Continuous production education & training center for
9 12,500 from o/C and coal mining worker will be
commencement of necessary
production from a new | —Counter measures when a O/C
O/C coal mine coal mine failed
® Stable olper_atlon of three
7,000 new coal mines
Long-term | ® Technical issue of mining
9 26,500 method of 2nd slice in
U/G
Source: PSMP Study Team
Import coal
Table 4-23 A road map and an action plan for import coal
Required
quantity of coal .
in the Issues Action Plan
milestone of
M/P (1,000t/y)
® Fix of import coal and the | —The bid tender shall include
contract of import coal are the security of a coal supply
finished  before starting | contract
Short-term (Nil) construction of the new | —Establishment  of  coal
goal ower station. handling system for import
® Improvement of domestic coal
infrastructure for handling
of import coal
® Stable import coal supply —Construction of a coal center
) ® Shift the contract of import plan
Medium Max. 18,000 coal from spot contract to | —Establishment of national
—term goal long term contract. strategy for stable security of
import coal supply and long
term contract
L @ The stable security of import | —Investment for coal mine
ong-tlerm Max. 30,000 coal supply for long term development  in  foreign
goa country
Source: PSMP Study Team
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