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Chapter 1 PSMP2016 Summary

1.1 Abstract

The Power System Master Plan (PSMP) 2016, sponsored by Japan International Cooperation Agency
(JICA), aims at assisting the Bangladesh in formulating»ensive energy and power development

plan up to the year 2041, covering energy balance, power balance, and tariff strategies.

Bangladesh has an aspiration to become aihigtme country by 2041. The development of energy

and power infrastructure therefopursues not only the quantity but also the quality to realize the
long-term economic development.

Since Bangladesh is facing to the depletion of domestic gas supply, various issues such as sustainable
development harmonizing with economic optimizatiomprovement of power quality for the
forthcoming hightech industries, and the discipline of operation and maintenance (O&M) for power
plants need to be addressed holistically.

Further more, energy subsidy i s ahseoocerathatdrastgh ¢ ha
increase of fuel and electricity prices may trigger another negative effect on the national economy. A
meticulous analysis is required to find the best pathway to attain the sustainability of the energy and
power sectors in balanciwgth the economic growth.

The new PSMP study covers all the aforementioned challenges comprehensively, and come up with
feasible proposals and action plans for Bangladesh to implement.

1.2 Background anéPurpose

The energy source of the Peopleds Republic of Ba
on Domestic Natural Gas. The Government of Bangladesh formulated the Power System Master Plan
2010 (PSMP2010) targeting, among others, for a long term edegnsification due to the foreseen
decrease in the production volume of Natural Gas.

However, energy development is not on track compared with the PSMP2010 plan, because various
assumptions about expected sources for base load energy have subsequently changed. In particular, a
review is needed reflecting namely exponential increasing lobased rental power plants and
development constraints of domestic primary energy.

Currently, many of power plants in Bangladesh cannot generate electricity as specified in terms of
power, thermal efficiency etc. for each unit. Daily shortage of powes dot allow to stop facilities

and to undertake periodical maintenance in a planned way. Legal framework does not stipulate
preventive maintenance works as an obligation for plant owner. Low financial soundness of public
generating companies due to lovedticity tariff does not permit to purchase in advance necessary
spare parts. In oat to secure a stable electricity supply, we need to find out solutions to all of these
issues and to establish a comprehensive institutional framework. Moreover, hyd¥p gemeration

studies (on small scale hydropower plants of 30 kW5MW and a pumpedtorage power plant as a
regul ator bet ween demand and supply) have beco
renewable energy promotion policy.

Based on the aid paly of the Government of Japan for Bangladesh, the Japan International
Cooperation Agency (JICA) is considering the power sector as one of priority areas assisting
Bangladesh not only by Yen Loans to the construction of power plants (gas combined cycle,
super-critical using import coal and hydropower), transmission and distribution lines and development

of renewable energy but also by Technical Assistance such as the master plan for energy efficiency.
JICA is thus supporting the entire power and energy sdtwas under such circumstances that JICA
decided to undertake the Power System Master Plan 2016 (PSMP2016) in order to grasp middle to
long term development issues and risks and to formulate a comprehensive andrissgeli aid

strategy for the engy sector by examining effective approaches for each issue.

After the start of this survey, however, the Government of Bangladesh announced, in its new
policyfAVision 20410, an iIimportant target of be
Consequentlyfor the power and energy sector which receives quite dominant development budget, it
has become newly necessary to secure the consistency between the economic development strategy of
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the country toward joining the developed countries and the masterfglanmower and energy sector
(PSMP). With such consistency only, JICA will be able to make the best use of the result of this survey
as basic information for the future cooperation.

To study consistency between an economic growth strategy and PSMP, itmnalddurvey on
estimated changes of the industrial structure that will be brought by the coming strategy and a precise
forecast of future demand of primary energy and corresponding supply policy must be added to this
survey, since the power sector iseoof the largest sectors which consume primary energy. It was
therefore decided to estimate in this survey the most rational and probable demand and supply
scenarios of primary energy for other sectors than power sector such as fertilizer, industryceommer
and transportation.

Moreover, the power sector will be required to cope with the changes of industrial structure in line
with the economic growth as expected in order for Bangladesh to join the developed nations.
Specifically, improvement of the qualitof electricity is indispensable given the view of the
government that sophistication of industries is generally essential for the nation to become one of the
developed countries.

After the commencement of this survey, Bangladesh started consideriragsgdsoific plan to expand

power import from neighbouring countries such as India, Bhutan and Nepal. Usually, international
cooperation in power system is oriented toward direct cooperation by means of alternate current and,
to do so, quality of electricitis required to be equivalent or better than that of counterpart countries. It

is therefore necessary for the promotion of international cooperation to improve the quality of
electricity. Since this issue will be a concern to the entire power sectorismgePSMP, it was also
decided to add to this survey collection of additional basic information and examination of feasible
measures responding to the specific needs of quality improvement.

Therefore, the collection and analysis of the information orptae for the supply and demand for
primary energy sources and the needs for the improvement of the quality of power supply were
included in this survey that had consisted of the revision of power development plan and the studies on
the institutional refornfor the improvement of O&M and the introduction of hydropower generation.
This inclusion of the new survey subject enabled the formulation of a new master plan that covers not
only the power sector but also the energy sector comprehensively and ddbkeriimsrface between

the two sectors. The new master plan is the output of the first joint survey of the two divisions in the
Ministry of Power, Energy and Mineral Resources (MoPEMR), Power Division and Energy Division,
and this survey is expected toaeras a good precedent of the cooperation between them in the
implementation of policies in the power and energy sectors.




Power System Master Plan 2016

Final Report

1.3 Vision Paper

VISION 2041: POWER SYSTEM MASTER PLAN 2016

Value-up Plan 1 Robust Infrastructure for Primary Energy Import

Value-up Plan 2 Domestic Energy Resource Development and Efficient Use

Value-up Plan 3 High-Quality and Robust Power System Development

Value-up Plan 4 Advanced Deployment of Green Energy

Value-up Plan 5 Policy and Human Capital Development for Stable Energy Supply

PSMP2016 Structure

PART I PRINCIPLE OF THE MASTER PLAN [Ch. 1]

Chapter 1 I PSMP2016 Summary

PART I POLICY [Ch.2-4]

Chapter 2 Energy and Power Sector Overview

Chapter 3 Energy and Power Policies

Chapter 4 Environmental Policy

PART I PRIMARY ENERGY BALANCE [Ch.5-10]

Chapter 5 Prospects of Economic Development

Chapter 6 Prospects of Energy Supply and Demand

Chapter 7 Domestic Natural Gas Supply

Chapter 8 Liquefied Natural Gas Supply

Chapter 9 Coal Supply

Chapter 10 | Qil Products Supply

PART [V POWER BALANCE [Ch. 11-18]

Chapter 11 | Power Development Plan

Chapter 12 | Hydropower

Chapter 13 | Renewable Energy

Chapter 14 | Power Import and Nuclear Power

Chapter 15 | Power System Plan/ Rural Electrification (Distribution)

Chapter 16 | Power Quality

Chapter 17 | O&M Legal Framework

Chapter 18 | Thermal Power Operations and Maintenance

PART ¥V ENERGY COST AND TARIFF BALANCE [Ch. 19-21]

Chapter 19 | Financial Performance of the Power Sector

Chapter 20 | Financial Performance of the Gas and Qil Sector

Chapter 21 | Tariff Policy

PART VI Technical Support [Ch. 22]

Chapter 22 I Continuous Technical Support for PSMP2016

The Power System Master Plan (PSMP) 2016, sponsored by Japan
International Cooperation Agency (JICA), aims at assisting the
Bangladesh in formulating an extensive energy and power development
plan up to the year 2041, covering energy balance, power balance, and
tariff strategies.

Bangladesh has an aspiration to become a high-income country by 2041.
The development of energy and power infrastructure therefore pursues
not only the quantity but also the quality to realize the long-term
economic development.

Since Bangladesh is facing to the depletion of domestic gas supply,
various issues such as sustainable development harmonizing with
economic optimization, improvement of power quality for the forthcoming
high-tech industries, and the discipline of operation and maintenance
(O&M) for power plants need to be addressed holistically.

Furthermore, energy subsidy is also a tough challenge, because there's
always a concern that drastic increase of fuel and electricity prices may
trigger another negative effect on the national economy. A meticulous
analysis is required to find the best pathway to attain the sustainability of
the energy and power sectors in balancing with the economic growth.

The new PSMP study covers all the aforementioned challenges
comprehensively, and come up with feasible proposals and action plans
for Bangladesh to implement.

Achievement: High-Income Country
Value-up Plan 1 & Value-up Plan 2

Primary Energy Demand

® Energy intensity [3.42>2.56 toe/million BDT]
Gas/LNG

® Domestic gas [2,500—>2,000 mmcfd incl. YTF]
® Imported LNG [0=>4,000 mmcfd]

Coal

® Domestic coal [0.7=> 11 million tons/year]

® Imported coal [0 60 million tons/year]

Qil

® Imported oil [5= 30 million tons/year]

Value-up Plan 3

Power Generation

® Tokyo size power capacity [8,000 MW-> 50,000 MW]
® Complete phase-out of rental power [3,000 MW-0MW]
® Electricity for all [250-> 1,500 kWh/person/year]
Power Quality

® No power shortage [500 MW—=>0 MW]

® Fluctuation of world top quality [+ 1.5Hz=> * 0.2 Hz]
Operations and Maintenance

® High thermal efficiency [30%—>50%]
PowerImport/Nuclear Power

® |mport [500 = 9,000 MW]/ Nuclear [0 27,200 MW]

Value-up Plan 4

Renewable Energy
® Maximizing RE generation potential under limited land
® Bio-gas [4=>62 mmcfd]

Value-up Plan 5

Energy Tariff Policy
® No gap between tariff and supply costs
[Power: 2.6%lyear until 2031 and 1.5%/year afterwards]
[Gas: 10-20%/year increase until 2031 and 1.5%/year afterwards]
Human Capital Development
® Training centers
® |Internationally recognized qualifications
® Professional engineers
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Policy Vision

1.4 Policy Vision

The Government of Bangladesh declared its intention to develop the country in order to become one of
the advanced countries by 2041 as the key gosl®fON2041 To achieve the VISION, this master
plan defines the intended goal and Afive key
members who are involved in the realization of the goal.

1.4.1 PSMP2016 Objective
To show the targets and approachitia Energy and Power Sectansorder to achiev@angladesfs
national goal: to achieve VISION2041 and become a-tnigbme country by 2041

PN T
| PUNZ ]
| Plan 2]
| Pland]
WATEN

Vv
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1.4.2 Five Viewpoints of PSMP2016

1 Enhancementf imported energy infrastructuend itsflexible operation

For Bangladesh to become one of the higtome nations by 2041, the country needs to achieve
continuous economic growth of 7.4% annually for the period from 2016 to 2020 to initially reach the
standard of the medium to high income nations. SubsequentlyDiEs v@uld then grow steadily
although the growth rate may slow down slightly. With this economic growth, the demand for primary
energy, in particular in the industrial sector and the transport sector, is expected to increase sharply
under both the BAU andhé energy efficiency scenario.

To meet this rapidlyncreasingdemand for primary energyhe country needs to undergo a major
change from its existing dependency on domestic natural gas to a dependency on various imported
energies. During the period wieermported energies are consumed in large quantities, the existing
inefficient energy resource consumption would directly lead to an enormous amount of economic loss.
In the future, the efficient use of energy, its supporting infrastructure and improgetoerglated

policies and systems will be essential. The infrastructure improvements include the domestic facilities
as well as interaction with neighboring countries. The policy and system improvements include the
strategic positioning of various energgsources and a legal system that promotes efficient use of
energy by revising the current inefficient practices.

2 Efficient development and utilization of domestic natural resources (gas and coal)

While the amount of deposits of natural gas discovereahedtically is decreasing, the limited
resources must be utilized to the maximum by developing an efficient development structure.
Achievements in mining and the development of undiscovered resources are limited under the existing
structure and a drastieview is necessary, such as PSC reform and the introduction of technologies
from other countries. In addition, as mentione:
economical and efficient use of gas and development and implementation of theagstecessary.
Sincethe domestically produced coal is of a high quality and the reserves are abundant, the future
development of an economical domestic coal development structure is important. Since domestic coal
development has a serious impact on gherounding environment and society and requires a long
period of time, the necessary actions must be taken sufficiently in advance in anticipation of
VISION2041.

\ 3 Construction of a robust, higiuality power network \

To meet the rapidly increasing derdafor power and to realize its stable supply, lesgale power

supply development and construction of system facilities are necessary. In terms of new issues and
opportunities for power supply development, power imports from neighboring countries (iotexha
cooperation), and nuclear power generation can be considered. System enhancement is essential in
addition to these power supply developments.

In order to realize future rapid economic developmiediystial developmensuch aghetransition to

higher valueadded industries is essential angladeshnecessitatindnigh-quality power to support

suchan advancementherefore, in the future, Bangladesh requires improvements in its infrastructure
and the development and implementation of a system that provideguagty power for electrical
frequency stabilization, as well as the development of the power system.

\ 4 Maximizationof green energand promotion of its introduction \

For Bangladeshwhich issusceptible to climate change, the development ofclasbon energies is
extremely desirable, not simply from the aspect of the international trend, recommesrtiiagble
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energies and energy diversification, but from the point of improving energy access for rural people.
Therefore, development of domestic renewable energies is indispensable.

However,there is a limit to the introduction of renewable energies lange scale in Bangladesh due

to the availability of appropriate land. Importing power from neighboring countries using
hydroelectric power generation has much greater possibility than supplementation programs for the
limited degree of renewable energyraduction in Bangladesh.

5 Improvemenbf human resources and mechanisms related to the stable supply of energy \

To realize advanced utilization antthe stable supply of eneygand power forBangladesh
nonmaterial support such as reform of the existgygtem, development of a new system, and
development of human resources for their implementation is essential, as well as material support such
as the construction of infrastructure. In particular, to cope with the coming era of mass consumption of
imported energy, efficiency improvement of gas fired power plants, and the development of legal
systems and human resources for its realization, are urgently necessary.

In the same way, significant improvements are required in many aspects of internationedtmope

and nucl ear power generation from Bangl adeshos
operation. Although the development of legal systems and human resources relating to international
cooperation and nuclear power generation is an extrerifétull task for Bangladesh, this task needs

to be achieved.

For power rates, structural reform of the existing bebmst power rates is necessary in teghthe

sustainability of the power sectdn the future, an increase mainly in household povegesr is
required, which does not inhibit Bangl adeshods ec
must be taken by analyzing the possibility of cost reductions in the power generation, supply, and
distribution sectors prior to the decistaraking on an increase in power rates, while alleviating the

impact on the lower socieconomic classes.

1.4.3 Importance of Contribution and Responsibility to the International Community

In 2015 the United Nations adopted the Sustain&ldeelopment Goalé§SDG9 as the international
development goals.hEse goals have been established by using the development goals for the period
from 2000 to 2015, MillenniurDevelopment Goal@MDGs), as the foundation.

Plainly speaking, the old goals, MDGsere developmentgsal t ar geti ng fidevel opin
adopted eight goals for poverty countermeasures for the period up to 2015.

The new goalsSDGs, are devel opment goal s that are set in
as crossutting themes, including dewmded countries as well as developing countries. In particular,
the following goals are closely related to the energy and power fields.

Goal 7A Cl ean e ner gySecure accessvadordgbte nreligbtesustainable and mode
energyfor everyone

Goal 9l ndustri al and technol ogi cal i nnovat.i
infrastructure, promote inclusive and sustainable industrialization and also expand techn
innovation

Goal13iUr gent handl i n dglake drgert tountermeasures foralimgte ahange al
impact.

To become one of the advanced countrigeper recognition of contribution to the international
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society and its accompanying responsibilities are necessary. To establish this masteurgtan, f
agreement with the major direction of the international society is required. The relationships between
these SDGs and this master plan are shown below.

Table 1-1 Link between PSMP2016 and the SDGs

Sugainable 13 oum
Development Goals: SDGs
Affordable and Industry, innovation, Climate action
clean energy infrastructure
Ensure access to Build resilient Take urgent action to
affordable, reliable, infrastructure, promote| combat climate change|
sustainable and moderr| sustainable and its impacts
energy for all industrialization and
foster innovation
Concept Energy for everyone ang Infrastructure for Specific actions for
clean energy industries and climate change
technological
innovation
Specificcontents Secure access to By developing robust Take urgent
affordable reliable, infrastructure, promotel  countermeasures for
sustainable and moderr inclusive and climate change and its
energyfor everyone. sustainable impact
industrialization and
also expand
technological
innovation.
Five key viewpoints
Viewpoint1
Robust Energy Import Infrastructut o
and Flexible Operation
Viewpoint2
Domestic Resour o
Development and Use (Natural G
and Coal)
Viewpoint3
Quality and Robust PoweSystem O o i
Development
Viewpoint4
Advanced Use of Green Energy O i O
Viewpoint5
Human Resource and Syste i O i
Development for Stable Energ
Supply

Source: UNDP Website and JICA Survey Team
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Practical Vision

1.5 PracticalVision

1.5.1 Relationshig between the Five Key Viewpoints and the Master Riamdtigationtems

The table below shows the relationship between
and the components of the master plan. The master plan is cahgiaseolicy for the economic

growth, a plan on the primary energy balance, a plan on the power balance mainly based on the power
development plan and a policy on energy prices. The components of the master plan are closely related
to the five key viewpaits required for achieving the vision mentioned in the previous section as
shown in the table below.

Political Vision

Five Key Viewpoints
Viewpoint 1 Viewpoint 2 Viewpoint 3 Viewpoint 4 Viewpoint 5
Robust Energy Domestic Quality and | Advanced Use Human
PSMP Composition Import Re s our | RobustPower of Green Resource and
Infrastructure Efficient System Energy System
and Flexible Development | Development Development
Operation and Use for Stable
(Natural Gas EnergySupply
and Coal)
Econom Economic O
y Development
2. Energy Demand ]
and Supply
Energy | 3-Gas Vg Vg Vg
Balance | 4 coq U U Vg
3
Q
Q ) N
5 5. Ol v
Sl
z<>j 6. Power O O
e Development Plan
7. Hydropower Vg Vg
8. Renewable O
Energy
9. power Import Vg U
Power
Balance R
10. Nuclear Power| U
11. Power System O
Plan
12. Powr Quality U
13. Thermal O&M Vg
Tariff 14. Energy Tariff Vg
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1.5.2 Methodologies for this Study

(1) Implementation flow
The overall methodologies and taststhis study aresummarized in the following flow chart.

Economic Development Macroeconomic Prospects
20eNalios A Population, GDP ¢ A Production potential of natural gas, crude oil, coal etc.

A Scenarios of long-term A industrial production etc. ] :
ooy g T ide
the €CONOMY IEfEIMNG evsssemsrmsemnennsnnssnssftlil 0t ennrnsensennces H Primary Energy Balances Sup ply'SId €:

to the experiences of PR EE Tl : A Necessary volume of energy supply to An a|ysis

Asian countries meet the demand is estimated.

A Projection of sectorial energy demand

H based ic indicat i A Insufficient domestic production is
TP TP P PPPPPTPITPPPPPPRPY ased on economic indicators. 1 supplemented by imports
H N . 3E E
H H . . D 1l ducti :
: Deman d 'S|d e Residential N preduction A Optimized set :

of 3E needs to
be considered

Natural Gas

Ana|yS|S Commercial and public service

Industrial - Economic
: viability
Agricultureetc. | R e e e s - Environmental
Transport Imports (LNG, Coal, etc.) quality

- Energy security

Energy Transfers from Primary Energy Supply

: A The modes of energy supply (especially electricity) is also
determined based on the availability of primary energy sources.

s

Energy Supply to Each Sector
¢ A The modes of energy supply to each sector is determined :
considering the nature of energy demand.

Electricity

Non-electricity supply

Projection of Costs of Energy Supply and Tariff Policy
A Necessary CAPEX for forming the infrastructure of energy supply (electricity, natural gas etc.) is formulated from the previous sections, then the costs
of energy supply up to 2041 are estimated.
A The energy tariff in Bangladesh, which is generally set lower than the actual costs of supply with subsidies, needs to be adjusted to be cost-reflective
with the progress of economic development.
Options of Energy Tariff Policy (example!
— /[ 1. Cost-reflective tariff to be achieved as early as possible ]

[2A Cost-reflective tariff to be achieved but as a future challenge ]

l

Subsidies |;

Tariff of energy Costs of energy Estimated costs
supply in 2015 supply in 2015 of energy supply
(electricity, gas etc.) in 2041
2015 2041

Impact of Energy Tariff Increase on National Economy
A It needs to be noted that raising energy tariff may cause a negative effect on national economy in Bangladesh, such as the competitiveness of the
industrial sector. If a seriously negative effect is expected, policy tools for mitigation (e.g. subsidies) may be justified.
A The impact of energy tariff increase on the national economy is quantitatively analyzed using GTAP (Global Trade Analysis Project) model.

G Energy Supply Tariff Analysis m— G 11 €1 Y SUPPlY & Demand Analysis

Source: JICA Survey Team
Figure 1-1 Overall Workflow for This Study
(2) Study on the Future Scenarios of Economic Development

To begin with, this Study considers the future scenarios of economic development in Bangladesh as
the baseline data for energy supply and demand projections.

Taking into account that this study is targeting the period up to 2041, which is considerably long,
structural changes to the Bangladesh economy are expected to occur during its course. That is,
macroeconomic parameters for energy demand forecasts such ean@Dustrial production need

to be projected on the condition that Aovear structural changes to the national economy will take
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place along with the development of Bangladesh economy.

Though it is hardly possible to determine such structural changaditatively, this study considers

the future scenarios of economic development that are likely to occur in Bangladesh, as ascertained
through discussion with local stakeholders. The Government of Bangladesh (GoB) has set an
ambitious target forthecounr y t o become a-i membmer Cofuntthhe efsldi dly
the details to support this have not been provided. This Study also evaluates the feasibility of this
target through the economic development projections and provides policy recomorendati

achieving the economic development target.

(3) Energy Demand Forecast and Projection of Necessary Volume of Primary Energy Supply

Referring to the projection of economic development, this Study formulates the energy demand
forecast and then estates the necessary supply that meets the energy demand in the future.

It also needs to be noted that the optimized set of energy supply varies among countries depending on
their geographical and geopolitical conditions. Especially for a country likel&agh, where the
domestic energy production such as natural gas has mainly satisfied the domestic demand but the
depletion of energy production and increased dependence on imported energy sources are expected in
the future, it is appropriate to develog thnergy supply plan by prioritizing the optimized utilization

of domestic energy production and then by incorporating the imported energy sources in the energy
supply system to fill the insufficiency.

Therefore, this study first estimates the total vauwf primary energy supply necessary for
Bangladesh based on the energy demand forecast and then estimates the requirement for each energy
source as the combination of domestic energy production and imports.

(4) Power Supply Master Plan

For the meanwhile, this Study also formulates the energy supply and demand balance in terms of the
modes of energy supply to end consumption of energy. Among the various modes of energy supply,
the electricity supply needs more specific considerationgnfoastructure development, thus this
study segregates the sections related to power s
In order to determine the optimized set of supply modes, this study takes approaches from both the
demandside and suply-side. From the demargide, each mode of energy supply (electricity, natural

gas, oil products etc.) is projected as a part of the aforementioned energy demand projection and the
electricity demand is determined. In Bangladesh, the electrificationadéctrified villages is still in
progress and even in the already electrified villages a shift of energy supply to electricity from other
modes will continue to occur. These transitions need to be considered in an appropriate timeline.

From the supphside, how to match the primary energy supply sources with the modes of energy
supply is analyzed. Because forming energy supply infrastructure requires a considerably long
leadtime, drastic change of energy supply modes in a short time is not possible, Bieappropriate
timeline for infrastructure development also needs to be considered so that the existing energy
infrastructure will be gradually strengthened and modified. For example, the industrial sector, which is
supposed to increase energy demaruadha in Bangladesh, may consume more electricity from the

grid if sufficient volume of electricity supply from the grid exists. However, because of the limitation
with grid power supply and the considerable capacity of existing captive power generatibagh

been installed in the past, it may take time to phase out the use of electricity from captive power
generation, which is generally less efficient than the power supply from the grid.

Then, the analyses from both the demaiut and supphgide areharmonized to determine how to
establish the energy supply to end consumption. The future requirements of the primary energy supply
will be finalized by calculating back from the energy supply to end consumption, considering that the
energy loss from trafer (e.g. power generation), transport and consumption differs among different
modes of energy supply.

(5) Quantitative Evaluation of 3E
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For identifying the best energy mix scenario for
environmental gality, and energy security) evaluation is employed.
Needless to say, for a country like Bangladesh where energy demand is expected to increase rapidly to

sustain the economic devel opment , economic Vviab
ene gy demand in an economically reasonable wayo,
However, as the countrybs economic development |
2041, whi ch coincides wi t h Go B 6 s a marberooh tne targ
iHiigmcome Countrieso, this Study expects that th
beyondcofsltowsuppl yo and that it owi || affect the

country is expected to raise its domiresand international commitments to reduce environmental
burdens such as greenhouse gas emissions. Considering that these environmental commitments can
affect the plan for future energy supply, this study discusses with the stakeholders the policy options
that the country will need to prepare.

In addition, as the Bangladesh economy will continue to be enhanced and modernized, the necessity
for stability of energy supply is expected to gain importance. In order to achieve stability of the energy
supply, nd only improving the energy supply infrastructure itself but also improving stability in the
upstream of the supply chain, i.e. stability of quantity and prices to secure primary energy supply, will
gain more importance. There is some literature both pardaand overseas that has attempted a
guantitative evaluation of energy security, but standardized methodologies have not been established.
It also needs to be noted that the main concerns about energy security may differ among countries.
Therefore, in eMaating the energy security of Bangladesh, these past studies are reviewed but their
methodologies are not strictly followed. An appropriate set of performance indicators is introduced
through discussion with stakeholders in Bangladesh.

This study propose a future energy supply that i's appr o}
developed country, taking also into account quantitative evaluations not only from the aspect of
economic viability but also from the aspects of environmental commitments aryy eecurity.

(6) Analysis of the Financial Conditions of the Power Sector and the Costs of Power Supply

Following the results of supply and demand projections fargy and power conducted in the

previous sections, this study analyzes the finanaatitions of the power sector in Bangladesh and

the costs of the power supply.

In order to achieve setfontained and sustainable management of the power supply, the power supply

tariff should be set at a level so that these supply costs can be applpprabovered from
endconsumers. The current status in Bangladesh, however, is that the tariff is set at a low level that

can hardly recover the costs appropriately. This study discusses the direction of power tariff reforms
while ascertainingthe overadli ct ur e of the power sectorbés financ

supply.
(7) Estimation of the Impact of Energy Tariff on National Economy
On the other hand, it is common worldwide that raising energy tariffs is a politically sensitive issue

ard that tariff reforms may need to be made gradually. In addition, drastically raising the energy tariff
at the time when the manufacturing sector of a country starts to develop and to be exposed to

international compet i tiional competitiveaess. ect t he sector 6
Therefore, the study on the energy supply tariff in Bangladesh up to 2041 needs to analyze how the
fceastfl ective tariff wi || affect the national e

taking into consideration thevel of economic development.

In order to evaluate the effects of raising energy supply tariffs on the national economy quantitatively,
this study runs the simulation model called GTAP (Global Trade Analysis Project). Referring to the
results of this simaition, this study makes a policy recommendation on the future energy supply tariff.
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1.5.3 Scope of work

The Survey had been carried out according to the minutes between JICA and the Bangladesh
government. The JICA Survey Team conducted the following iamismake reports on the basis of

the survey policy and considerations. The Survey started at the end of October 2014, be carried out as
per following Table, and the Final Report had submitted in September 2016.

Table 1-2 Contents of the Sudy
Contents of the Study

=

Confirmation of the background
2 | Review of PSMP2010 and develop PSMP2016

- Primary energy demand and supply scenario

- O&M policy

- Best Mix of generation power sources

- Study of issues related ¢generation plant and transmission line system development plan
- Study of consistency of offrid renewable energy development and power development plg
- Study of economic impact on energy price hike and its countermeasures
-Study of JI1 CAOG mpower ingl anergyaséctorpr oj ect s

3 | Collect information on O&M

- Current O&M situation in national thermal power plants

- Collection of basic data for upgrading national power plants to combined cycle

- Selection of model thermal power plant among existing plantengider O&M and upgradin
to combined cycle

- Costbenefit analysis, risk analysis and assistant approach for model power plant
- Study of legal framework for sustainable O&M implementation
- Concept level plan of the combined cycle to model plant

- Arrangement brisks and issues in the application of combined cycle; examination of
approach

- Report on the study from legal system examination
4 . Collect information on domestic hydropower potential

- Review of existing documents about micro hydropower plant iatetviews with relateg
agencies

- Site survey, analysis and selection of potential hydropower plant, such as Kaptai Lake
- Preparation of the TOR for the required F/S orpi@ in the next stage

- Preliminary Social and environmental evaluation for the prappseject sites

5 | Primary Energy Fuel

- Study and collect basic information for primary energy demand forecast and making
plan

- Study of development regarding Seventh fjear plan

- Preparation of prospects for economic development and energy démeceist by 2041

- Consideration of exploration of undiscovered domestic natural gas and development plan

- Preparation of primary energy supply plan

- Calculation of cost required for developing infrastructure for energy supply

- Review of price in terms of doastic energy supply

- Making financial plan (Future scenario considering price hike for energy supply)

- Technical issues related to reviewing introduction of LNG receiving terminal

- Confirmation of status of LNG receiving terminal plan in progress

6  Improvement Measures for Power Quality

(1) Proposal for Preparation of a Legal Framework, rules and improvement of work procedur
- Propose and support the preparation or amendment of various rules with reference to the
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Contents of the Study

Japan (or Europe/America, if rexsary) and TEPCO.
-Check progress of amendment of the Grid
orders and generator participation in frequency control.
(2) Draft plan for frequency quality improvement

- Evaluate the frequency quality improvementibiroducing generators with frequency cont
functions.

- Propose the development of a future plan for securement of spinning reserve (free g
mode, LFC) and roadmap for frequency quality improvement for PGCB (NLDC) and B
and regulating authoritse(Energy division and BERC).

(3) SCADA system renewal plan for NLDC

-Confirming needs for introducing new fu
order to realize online output instruction orders for power stations.

- Possibility study for introducig Japanese SCADA system

Holding of the seminars

- 1st Seminar (November 2014, Dhaka)
Agenda: Explanation of and discussion on the survey plan

- 2nd Seminar (June 2015, Dhaka)
Agenda: Explanation of and discussion on the interim report

- 3rd SeminafDecember 2015, Dhaka)

Agenda: Explanation of and discussion on the interim report (reflecting survey results"&
Seminar)

- 4th SeminarJune2016, Dhaka)
Agenda: Explanation of and discussion on the survey results in the draft final report

Reports to be submitted
- Inception Report (October 2014)
- Interim Report (December 2015)
- Draft Final ReportJune2016)
- Final Report $eptembe016)

Source: JICA Survey Team
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1.5.4 Survey Implementation Feamework

Five years have already passed sinceldtest PSMP2010 was prepared, so the Survey targeted not
only a review of PSMP2010 but also studied the plan up to 2041. The review of the Survey was
discussed and confirmed with the government and relevant agencies in Bangladesh, and also with
JICA.

The Survey was conducted with one steering committeef@ndsubordinate working groups to
facilitate consensus building over a wide area of the relevant organizations. The committee and all
technical discussion meetimgere set up on the initiative of the Power Division (PD) of the Ministry

of Power, Energy and Mineral Resources (MPEMR).

(1) PSMP2010 Review Steering Committee

The Steering Committee members include PD of MPEMR, Energy and Mineral Resources Division
(EMRD) of MPEMR, Power Cell (PC) of MPEMR, Bangladesh Power Development Board (BPDB),

Power Grid Company of Bangladesh (PGCB), Secretary, Economic Relations Division (ERD) of
Ministry of Finance (MF), Financial Division (FD) of MF, Ministry of Law, JusticeP&rliamentary

Af fairs (MLJPA), Ministry of Water Resources ( MW
Committee is the organization that makes the highest decisions based on the discussions with the 5
subordinateechnical discussion meeting

(2) PSMP2010 Review Technical discussion meeting

The PSMP2010 Review Working Group members include PD of MPEMR, EMRD of MPEMR, PC of
MPEMR, Sustainable and Renewable Energy Development Authority (SREDA), BPDB, generation
corporation, PGCB including Nationébad Dispatch Centre (NLDC), Infrastructure Development
Company Limited (IDCOL), Petrobangla and its subordinate companies, ERD of MF, and FD of MF.
Technical discussion meetimgll discuss the reduction of subsidiaries for energy utilities, the impact
on the amount of LNG imports and the prices of electricity and gas, the coexistencegafl off
renewable energy and -gmid equipment, and issues across the executing agencies.

(3) Thermal Power Plant O&M Technical discussion meeting

The O&M Working Groupmembers include PD of MPEMR, PC of MPEMR, BPDB, generation
corporation, PGCB including NLDC, Petrobangla and its subordinate companies, and MLJPA.
Technical discussion meetingll discuss the amendment of the Electricity Act, and related laws and
regulatbns.

(4) Hydropower Development Technical discussion meeting

The Hydropower Development Working Group members include PD of MPEMR, MWR, and BPDB.
Technical discussion meetingill discuss the impacts and countermeasures downstream due to the
planned daneconstruction, and issues related to the executing agencies.

(5) Primary Energy Technical discussion meeting
The Primary Energyechnical discussion meetingas composed as a counterpart agency to PD of
MPEMR, and as a new counterpart agency to the Emgikgsion (ED).

(6) Improvement Measures for Power Qualigchnical discussion meeting

Improvement Measures for Power Qualigchnical discussion meetirgpoperate with the Master
Plan technical discussion meetingnd Thermal Powetechnical discussiomrmeeting. Technical
discussion meetingexamine proposals for Preparation of a Legal Framework, rules and
improvements for work proceduremd adraft plan for frequency quality improvement
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Figure 1-2 Implementation framework

1-15



Power System Master Plan 2016

Final Report

1.5.5 JICA Sudy Team

TheJICA StudyTeam is composed of thiellowing members.

Assignment

Name

Team Leader/Power Development Plan (A)

Toshiyuki Kobayashi

Adviser to PM/Power Development Plan (B)

Kunio Hatanaka

Power System Planning A

Masaharu Yogo

Power System Planning B

Shinichi Funabashi

Primary Energy Analysis 1A (Coal)

Hajime Endo

Primary Energy Analysis 1B (Gas and Oil)

Kazuo Koide

Primary Energy Analysis 2A (Energy Balance)

Tomoyuki Inae

Primary Energy Analysis 2B (Energy Balance)

Takeshi Aoki

Economic and Financial AngisA

Shigefumi OkumurgKei Owada)

Economic and Financial Angis B

Dinh Minh Hung

EnergySupply CostAnalysis Satoko Horie
Environmental & SocialConsiderations A Shigeki Wada
Environmental & Social Considerations B Akiko Urago

Renewable Energy

Masaki Kuroiwa

Rural Electrification

Toshifumi Watahiki

Transmission and Substation Equipment

Osamu Matsuzaki

Subteam Leadeihermal Power Plant O&M A

Genshiro Kano

Thermal Power Plant O&M B

Ken Shimizu

Thermal Fired Power Plant Ability Analysis A

Masahiro Os¢Sho Tai)

Thermal Fired Power Plant Ability Analysis B

Hiroyuki Sako(Eiji Naraokg

Thermal Fired Power Plant Ability Analysis C

Yusukelrisawa

Legal Framework Design

Katsuhiro Komura

Hydropower Planning

Jun Tamagawa

Subteam leader (Primary energy)/
Energy economic analysis

Yasushi lida

Economic growth strategy

Masaya Nakano

Environmental Policy

Shunsuke Kawagishi

Energy supply andemand analysis (Commercial)

Mari lwata(Sayaka Okumupa

Energy supply and demand analysis (Industrial)

Hideshige Matsumoto

Energy supply and demand analysis (Transportatio

Hidenao Tanaka

Energy supply and demand analysis (Energy Mode

Yumiko Watanabe

Macroeconomic Analysis

Akiko Higashi

Energy supply and demand analy$ise¢tric Power)

Daichi Saito
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Assignment Name

Energy development analysis
(LNG gas development A)

Energy development analysis
(LNG gas development B)

Energy development analysis
(LNG gas development C)

Energy development analysis
(Interior Natural gas development)

Hideo Matsushita

Uichiro Machida

Daihachi Okai

Masaaki Ebina

Subteam leader/Power system operation A Shinichi Suganuma

Power system operation B Masafumi Shinozaki

Power system operation C Keisuke UeddHideaki Kuraishi)
Power system facilities A Kazuki Kito

Power system facilities B Hisanori Masud&Naoto Tokoda)
Power system facilities C Keisuke Kusuhara

Subteam leader (Energy strategy)/Energy policy Minako Matsukawa (Mochida)

Payment structure (Electric power and Gas) A Masato Muto

Payment structure (Electric power and Gas) B Junji Ueda

1.5.6 Past Activities
(1) ' Seminar (I Steering Committee)

A Date 29 October 2014

A Venue: Board Room of BPDB at Buddygihaban, Dhaka

A Discussion PointExplain for Inception Report
V  Establishment of Steering Committee (SC) and the Working Group (WG) for the Survey.
V  Explained the survey objectives, methodologies, member, and implementation schedule

(2) 2" Seminar(2nd Steering Committee)

A Date: 4 Jun 2R
A Venue: Board Room of BPDB at Buddyut Bhaban, Dhaka
A Discussion Point:

V  Primary Energy Balance for Power Sector

V  Power Demand Forecast

V  Power Development Plan
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(3) 3 Seminar(3rd Steering Committee)
A Date 15December 208
A Venue: Board Room of BPDB at Buddyut Bhaban, Dhaka
A Discussion Point
Project Outline
Primary Energy
Power Demand Forecast and Power Development Plan
Power Quality
Operation and Maintenance (O&M)

< <K<K

A Date 5 Apr 2016

A Venue: TEPCO Headquarter (Tokyo)
A Discussion Point

Economic Development
Primary Energy Balance

Power Balance

Cost and Tariff Balance

<<<<

(5) High Level Discussion (Dhaka)
A Date: 7 April 2016
A Venue: Bijoy Hall, BidyutBhaban, Power Division, MOPEMR
A Discussion Point
V  PSMP 2010/2016 comparison
VV  Macroeconomic Projection & Industrial Policy
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<<<<

Energy Balance Strategy

Energy Efficiency Target Setting & SupgBemand Balance
Power Balance Strategy

A Project Outline and Road Map

4th Seminal4th Steering Committee)
Date 18 June 2016
Venue: Bijoy Hall, Bidyut Bhaban, Power Division, MOPEMR
Discussion PointExplain for Draft Final Report

<<<<

Economic Development
Primary Energy Balance
Power Balance

Cost and Tariff Balares

(7) Official comments meeting féfinal Report (FR)
A Date 1,2,4 August 2016
Venue: TEPSCO Headquarter (Tokyo)

<<<<U

iscussion Point

Economic Development
Primary Energy Balance
Power Balance

Cost and Tariff Balance

(8) Official comments meeting fd¥inal Report (FR)
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