Power System Master Plan 2010

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 depeient 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 thedevelopment (demand forecast, procurement of primary energy resources, optimum
power development plan, future optimum power supply structure including the positioningficédas

power plants, and so on) are added. In addition, the necessary techremhafgrtto 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 draft work schedule and work
process for each phase is shown in the following chart.
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Fig. 1-1 Schedule

1.2.2 Basic work flow

As shown in the basic work flow in Fig-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, &misstion workshop will be held at

each study stage to reflect the opinions from relevant organizations.
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Fig. 1-2 Basic Work Flow

1.2.3 Counterpart organization

A Ministry of Power, Energy and Mineral Resources (MPEMR)ower Division
\% Energy and Mineral Resources Division (EMRD)
\% 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 Distrilition Company Limited (DPDC)
Dhaka Electric Supply Company Limited (DESCO)
Rural Electrification Board (REB)
Bangladesh Oil, Gas Mineral Corporation (Petrobangla)
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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)

1.2.4 Experts and respective area of the study

Expert list and itgole of work are as followd1)

Expert list
Team Leader / Codired Power Generation System Nobuteru TAKEDA
SublLeader/ Power Development Planning / Demand forecastToshiyuki KOBAYASHI

> > I > I>»

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

Noboru SEKI

Hajime ENDO

Atsushi KAKIZAKI
Kiyoshi KATAOKA
Hideo MATSUSHITA
Chikanobu NAKAMURA
Genshiro KANO

Coalfired Power Generation System/ O&M Management
System Yoichiro KUBOTA
Power Transmission Line and Substation Facilities/
Power System Planning A
Power Transmission Line and Substation Facilities/
Power System Planning B

Shinichi FUNABASHI

Masaki KUROIWA

Economic/ Financial Analysis/ Organization Structure A Atsumasa SAKAI
Economic/ Financial Analysis/ Organization Structure B Yasuhisa KURODA
Environmental Management Takahisa ITO

Social Considerations Junko FUJIWARA

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

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 SCand TT
is shown in Fig. 43. SC is held properly in line with the progreéshe Study. The items discussed
within individual TTs are brought up at SC, shared amongst both parties, and made decision.

(2 1-3
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2. Gas Demaah
and Supply T/T

1. Coal Demad 4. Power Syste
and Supply T/T Planning T/T

Steering Committee (S/C)
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Source: PSMP Study Team

Fig. 1-3 Structure of Steering Committee and Task Teams

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.

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

A 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.

A The third survey: from Saturday, 30th Janu@ryriday, 19th February, the first Seminar,
the report and discussion on the site survey and its findings

A The fourth survey: from Saturday, 3rd July to Friday, 23rd July 2010, the second Seminar,
the explanation and discussion of the Interim Reporitar@bncrete context.

A The follonrup survey: from Friday, 3rd September to Tuesday, 7th September 2010,

discussion on the comments from World Bank

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

) 14
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Individual Discussion Bangladesh DP meeting Jomt meeting
Fig. 1-4 The track record of the discussion with Development Partners
(every survey) Development Forum (2010.7) (2010.10)

(2010.2  Source:
PSMP Study Team

1.4 Seminars

1.4.1 The First Seminar
(1) Date: Wednesday 3rd February 2010, 1600
(2) Venue: Lakeshore Hotel , conference room

(3) Ouitline:

The first seminar was held at the Lakeshore Hotel conference room on 3rd February, 2010.
The seminar was composed of two patig; 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, teatal 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.
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Source: PSMP Study Team

1.4.2 The Second 8minar
(1) Date : Sunday 11th July 2010, 14:00.00
(2) Venue: BPDB conference room

(3) Ouitline:
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 Bangladesim@ovemd
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 hereatfter.

[ e AN
Source: PSMP Study Team
1.4.3 The Third Seminar

(1) Date : Monday 13th December 2010, 1010000
(2) Venue: Sheraton Hotel Ball Room

(3) Ouitline:
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 asphesentative 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 StudgnT and CPs from Bangladesh
confirmed the direction of this study via a live discussion during the question

¢ 1-6
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and answer session at this Seminar.

T W T S

—— -

1.4.4 Final Report Consultation Meeting
(1) Date: Sunday 30th January 2011, 1813030 (Lunch session after 12:00)
(2) Venue: Dhaka Sheraton Hotel Ball Room

(3) Ouitline:
Final Report Consultation Meeting was held at the Dhaka Sheraton Hotel on 30th January
2011. Secretary Power Division and related gessattended 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.

() 1-7
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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 ) ]
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@kEgmic GrowthEnergy

%)
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Security andEnvironmental 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 elegthger 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 visiomi line with Government energy policy, and stipulate 6 valp@lans to achieve
the vision.

2.2

Vi

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

sion is

proposed as Bangl ade

shoés |

ong

term

this Vision, 6 valueup plans have been stipulated, where each ugyglans have their own targets to
achieve the plans. There are Action Plans to achiev&argets, 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.

BangladeshL ong Term Powe Development Plan 2030

-

Value up plan 1

Value up plan 2
Value up plan 3

_>< Value up plan 4

Value up plan 5
Value up plan 6

9 Road map

Action plan

— 1™ Action plan n
Action plan u
" Action plan T
" Action plan T
—>
_’
>

~ Impact H
~ Impact H
Impact M

" Impact L

Action plan

Source: PSMP Study Team
Fig. 21 Bangladesh Long Term Power Development Plan 2030

2.3 Conclusion of the Master Plan

So far, Government of Bangladesh (hereinafter GoB) has fallen into vicious circle where the power
shortage has lasted for long time due to a multiple factor of lack of primary energy resources like

domestic natural gas, decrepit power stations, imperfagttenance and lack of funding. To solve
these issues, the GoB focuses on more d4hort measurements rather than ldegn one. For

example, it seems that the national plans such as development plan for domestic primary energy like

coal and natural gaslevelopment plan for power and infrastructure plan for fuel transportation are
independently formulated by each government division, in which there is no efficient coordination
among such plans. Therefore, expected effect for this Master Plan will daténdirection for the

coordination amongst energy sector, power sector and infrastructure sector based on the certain logic.
It is also expected for the Master Plan to show the direction of comprehensive power development plan

in long-term basis.

2]
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Under considering such situation, the final conclusion of this Master Plan is integrated as follows;

The final conclusion of this Master Plan
To show the direction of power devel op

ARoadmapo narPd afmAc tcioanpr ehensi vely from s

2.4  Vision Paper
The Vision Paper and associated valpeplans are shown as follows;

%) 21
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Bangladesh Long-term power
development strategy

Source: PSMP Study Team
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Vision 2030

Long-term Power Development Strategy for Bangladesh

Delivering stable and high quality electricity to the people of Bangladesh
via the creation of a power network
that will help realize comfortable and affluent lifestyles for all

Visions @ Six Value-up Plans

e

Economic
Growth

¥

Poys

Reduction
a“a s

Environmental Energy
Protection Security

Source: PSMP Study Team
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IP lan 1 To actively develop domestic primary energy resources

Target To maintain domestic primary energy supply over 50%

To deal with Bangladeshodés rapid economic growth
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 resaucthe 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. 22, domestic coal has been unevenly distributed in the Western part of Bangladeshaturéle

gas is located in the Eastern area. As shown in Barid Fig. 24, 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 lateays, 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-safficiency of the primary energy resource to be overes0gnt

by Year 2030.
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Source:  PSMP Study Team
Fig. 2-2 Domestic coal and natural gas production area

Source: PSMP Study Team Fig. 2-3 Domestic gas supply scenario
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Fiscal Year

——[Base cgse ——[High cake [Low cage

(1) Domestic natural gas development
Source: PSMP Study Tedkig. 2-4
Domestic coal supply scenario
Action plans for domestic natural gas development are as follows;
A Reevaluation of domestic natural gas reserve: to periodicakywatiate domestic natural
gas reserve in order to forecast future gas supply and justify the development and work over
plaming.

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

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

A Workover of existing natural gas field: to implement the wovkr of the existing natural

gas field in order to enhance natural gas production from existing gas fields.

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

A 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.
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.

Demand forecast for domestic co@l forecast the demand for coal on a rolling basis in order
to match coal production planning.

Building for the mine engineer training system: to build the mine engineer training system in
order to stand upon a se#inforcing mine operation without gendence on foreign
countryo6s support.

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 urdeveloped domestic coal.

>

>

>

>

To establish the power system portfolio by fuel diversification

P[4 Fuel composition ratio as of 2030: coal 50%, natural gas 25%, 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 intoentpower sources from outside the Bangladesh.
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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 anmportant 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 spreaailability throughout the world and is expected to be
supplied stably, as shown in the following figures.
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Fig. 27 Production reserve ratio of each fuel Fig. 28 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). A80% 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 235. 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 among primary energy sources in the next decade or so.

When reviewing world power generation, coal use shares wittheotge significantly It indicates that
coal currently plays a major role in global power generation and this central role will still remain for
some time.

1 The Institute of Energy Economics, Japan 2010.04
2 |EA World Energy Outlook, 2009
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The major primary energy supply forecast in Bangladesh is shown in the figure below, wheleyastura
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 impdrt@gn the form of LNG) natural gas and 25% for other
sources such as oil, nuclear power and renewable energy.

Moe

Olhes rencavabies @ Hydo 825 B Cou

B Biomass Nocdew B2 oo WED-2008 totai 1Ga 10i iCo
Source: IEA World Energy Outlook 2009 Source: PSMP Study Team
Fig. 229 World primary energy balance Fig. 2210 Bangladesh primary energy balance
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Fig. 211 Power development plan up to 2030 Fig. 2-12 Power development plan up to 203(
(MW) (%)

(1) Construction of imported coal power station
A FS for imported coal power station: to carry out the FS for imported coal power stations

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

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

Estallishment 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

Construction of a high efficient USC wer station: to construct a high efficient power station

by utilizing USC technology in order to prevent global warming.

>» » P>
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(2) Introduction of LNG facilities

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

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

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

A Consideration of the @more 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

A Establishment of an efired power station (Rental Power) as an emergency measure
establish the oifired 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 countiji@stalevelopment

A 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 ahd countries of the region.

(5) Development of domestic renewable energy (wind and solar power)
A To develop wind and solar power as a domestic power supply source.

m 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

I n order to |l essen the <coal power stationds enyv
efficiency by utilizing the proven Clean Coal Technology that has been established in Japan. According
to recent coafired power station operations, th@sd 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%, LHV basis) widely used in other Asia regions.

In addition, there are environmental measures other than global warming, such as the refdd€tign o

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 aeti@mnic growth, even through utilizing coal.

%) 21



Power System Master Plan 2010

70
65

,,,,, _ v Improvement
of efficiency

60
55
50
45
40

Net Heat Efficiency (LHV) %

35

30 | Sub Super Critical, Advanced Gasfiatin
Critical Ultra Super Critical  Ultra Super Critical  Combined Cycle
1950 P 2010= = = ¢ = = = » 2050
Year

Source: Cool Earth 50 Energyechnical Innovation Program
Fig. 2213 Efficiency improvement of coal fired power plant
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Source: PSMP Study Team -
Fig. 21 6 | mported coal fired power station bir

In line with the apparent curtailment of natural gas production, the improvement of gas utilization
efficiency has become an urgent matter. To prioritize gas supphidgber 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, poweexpansion planning and system operation planning will be implemented in comprehensive
consideration of the stability, environment, economics and operation, in line with the introduction of the
worl dés <class efficient c drefficiemce ahd low carbam enpissione r s t
thermal power technology.

(1) Higher efficient gas power station
A Higher efficiency of the existing gas power station: to achieve higher efficiency via-the re
powering of the existing power station.

A 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 statio

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

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

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

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