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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.
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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

1-12



Power System Master Plan 2016
Final Report

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
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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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I > >

<<<<

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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Date 7 September 2016

A
A Venue: TEPCO Headquarter (Tokyo)
A

Discussion Point
V  Continuous Technical Support for P&ESMP2016
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Technical Focal Pits

1.6 Focal points

1.6.1 PSMP 2010 Review

(1) EconomicDevelopment

Table 1-3 and Figure 1-3 compares the actual performance of GDP growth rate with the projected
growth rate in PSMP 2010 and the target of GDP growth rate in the Sixtty&awePlan that was set
forth by theGOB in 211. During the period of the Sixth Fixear Plan, Bangladesh achieved annual
average of 6.3% growth rate. This was higher than the actual growth rate in each of the-gaat five
plans (£-5") and the result implies that the country started takinatla @f rapid economic growth.
However, the economic growth rate still underperformed the target of the Sixti¥davePlan
(average 7.3% growth) every year and the gap was widened in the later years. The actual growth rate
was also lower than the projeam of PSMP2010 that expected the Bangladesh economy to attain 7%
growth. The main factor of this gap is supposed to be the delagasfomicreforms for inducing
further economicgrowth. The country may not be able to fully reap the opportunity of edonom
development and the growth rate may continue underperformirg the e r s expeptation unless
economigpolicies to promote the development are not in place as planned.

Table 1-3 PSMP2010 ReviewEconomc Developmenj

GDP Growth Rate (real price)
PSMP2010 | 6" Five-Year
FY L Actual
Projection Plan
[%] [%] [%]

2009/10 5.5% - 5.6%
2010/11 6.7% 6.7% 6.5%
2011/12 7.0% 6.9% 6.5%
2012/13 7.0% 7.2% 6.0%
2013/14 7.0% 7.6% 6.1%
2014/15 7.0% 8.0% 6.6%
Average 6.9% 7.3% 6.3%

Source: JICA Survey Team
Note: theaveragean the table is the fivgear average from FY2012011 to FY20142012

GDP Growth Rate (real)
9.0% -

8.0% - 7.6% 8.0%
; . 7.0% 7.2% .
7:0% 1 B T a— 7.0% 7.0% 6.6%

6.0% 1 560 6.5% 6.5%

5.5% 6.0% 6.1%
5.0% - 220

4.0% -
PSMP2010 Projection
6th Five-Year Plan
Actual

3.0% -
2.0% -

1.0% -+

0.0% \

2009/10 2010/11 2011/12  2012/13  2013/14  2014/15
Source: JICA Survey Team

Figure 1-3 PSMP2010 Review{Economic Developmeni
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(2) Domestic Coal Production
Table 1-4 shows the performance and the forecast of coal production in PSMP20Higanel1-4
shows them by chart. Annual production of 1 million tones will be possible using existing facilities.

New longwall mining equipment called LTCC (Longw@bp Coal Caving) for thick coal seams was
introduced in May 2013 from China and the mining height was increased from 3 meters to about twice
this. Actual mining height is not clear, but mining efficiency was obviously improved. The coal
production in 20134 achieved 0.947 million tons. However, in 2014/15, the figure decreased to
0.676 million tons. The main reason for this was a delay in the withdrawal and installation of the new
equipment ossite. It is normal for people to take time to become skillethénuse of new equipment.

If they can master the operation technology of the new facilities, it is surmised that 1,000,000t is quite
possible.

Table 1-4 PSMP2010 ReviewCoal Supply)

Coal Supply
FY PSMP2010 Actual Gap
Planned
[1000tons] [1000tons] [%0]
2009/10 705
2010/11 667
2011/12 1,000 835 84%
2012/13 1,000 855 86%
2013/14 1,000 947 95%
2014/15 1,000 676 68%
Average 1,000 781 83%

Source: JICA Surveyeam

Coal Supply (1000 tons)

1,200 -
1,000 + 1,000 1,000 1,000 1,000
947
800 4 835 855
705 667 676
600
400
200 +
PSMP2010 Planned
Actual
0 T

2009/10 2010/11 2011/12 2012/13  2013/14  2014/15

(Source: JICA PSMP2016 Team)
Source: JICA Survey Team
Figure 1-4 PSMP2010 ReviewCoal Supply)
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(3) GasSupply

Five year gas supply projection in the PSMP2010 was reviewed against the actual supply records from
2009/10 througho 2014/15. The results show that the actual supply figure is 15 points lower than that

of the projected figures. The projection was made based on the gas reserve data by Hydrocarbon Unit
(HCU) (2011); however, the projection did not reflect the gas fieldelopment plan or investment

plan for new and/or existing gas fields after 2010/11. There are also differences in gas reserve data
between Hydrocarbon Unit (HCU) (2011) and USGD/Petrobangla. Hydrocarbon Unit (HCU) (2011)
uses P90/P50/P10 while USGD/Pétingla uses P95/Mean/P05 for gas reserve assessment, hence the
USGD/Petrobangla gas reserve appears smaller. The difference between the projection and actual is
considered as a combination of all these factors.

Table 1-5 PSMP2010 Review (Gas Supply)

Gas Supply
FY PSMP2010 Actual Gap

Planned

[mmsfd] [mmsfd] [%0]
2009/10 1,995 1,929 97%
2010/11 2,225 1,942 87%
2011/12 2,673 2,038 76%
2012/13 2,636 2,195 83%
2013/14 2,765 2,247 81%
2014/15 2,730 2,441 89%
Average 2,504 2,132 86%

Source: JICA Survey Team, based on the HCU and Petrobangl:

Gas Supply (mmcfd)

3,000 -
2673 2636 2,765 2,730
2,500 : 2447
2,225 2,195 2,247
2,000 1,995 1,942 2,038
1,500 -
1,000 -
PSMP2010 Planned
500 - Actual
0 T

2009/10  2010/11 2011712  2012/13  2013/14  2014/15

Source: JICA Survey Team, based on the HCU and Petrobangl:
Figure 1-5 PSMP2010 ReviewGas Supply)
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(4) PowerDemand andPower Developmenflan

The figure below shows the fiyeear power demand forecast in PSMP 2010 and the actual power
demand. When PSMP 2010 was formulated five years ago, the demand was estimated to increase to
around10,000 MW by 2015. However, the actual demand in 2015 was approx. 80% of the estimate,
aroundd,000 MW.

The increase in the power demand including potential demand driven by the rapid economic
development in recent years is expected to continue. The ghatasupply is considered to be the

main cause of the continuation of this imbalance between the supply and demand. The figure below
shows that the actual outputs of the gas and coal thermal power generation were only at 40% and 60%
of the outputs descrddl in PSMP 2010, respectively. In the case of the coal thermal power generation,
a very important base load power source in the energy mix, while the output in 2015 was forecast at
1,850 MW in PSMP 2010, even the construction of coal powerseast not Ben commenced five

years after the formulation of the plan. The lack of integrated planning and implementation of the
construction of largscale port facilities indispensable for the stable import of fuel and the
construction of the power plants and timereased difficulty in fundraising for such a laigele
infrastructure development are considered to be major factors for the failure to develop power
generating facilities as planned.

Therefore, it is considered necessary for the Energy Division anéaer Division to develop an
organizational structure and operating system more integrated than before and take concerted
measures to formulate a joint infrastructure development plan, to raise fund in theppivialie
partnership and to develop infragtture systematically for the achievement of the stable energy
supply, a source of the future economic development.

Power Demand Forecast (MW)
12,000 -

10,000 - 10,283
9,268

8,349
8,000 '
7,518 7,356 7,817

6,765

6,454 6,434

6,000 6,066

4606 4,890
4000 -

2,000 A
PSMP2010 Planned

Actual

0 T
2009/10  2010/11 2011712 2012713  2013/14  2014/15

Power Development Plan (MW)
12,000

10,000
8,000
6,000
4,000

2,000

Gas Qil Coal Total
| PSMP2010 Planned| 5,893 2,743 1,850 10,486
| Actual 2,546 1,598 - 4,144

Source:JICA Survey Team

Figure 1-6 PSMP2010 Review (Power Development Plan)
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1.6.2 Economic Development Policy
(1) Current Status and Issues

Bangl ad e s ly dasseenstaady @gnowtrsince independence was declared in 1971. GDP per

capita has been steadily expanding sincel®@0s when the readymade garments (RMG) sector
emergedas a major export industry for the country. GDP annual growth rate during the Sixth
Five-Year Plan from 2011 to 2015 averaged 6.3%cdkding tothe Seventh FiwYear Plan

formulated by the Government of Bangladeste average GDP growth rate from 2016 20620 is

expected to reach 7.4%.

Based on this, thdICASur vey Team conducted Bangl adywarhds ec
2041 and the result is summarized in the following tablés projection assumes thBtan gl ade s h 6 s
economy continues to grow @sojected in the Seventh Fixear Plan during the first half of the
2020s,andGDP growth rate is expected become moderatafter themid-2020s when the countiig

economic developmenktactes a certain level oimaturity Bangl adeshds inumd¢onomy
grow steadilyso that itsGDP per capiténominal base)s expected to reach 10,993 US$ in 2041.

According to the income classification by the World Bank, Bangladesh will become a member of the
uppermiddle-income economies in the 2020s and wilt glose to the higlncome economies by

2041if the economiaevelopmenis achieved as projected

Table 1-6 Projection of GDP and GDP per capita up to 2041

I TN T T T T R T

GDP (million USD)™ 93,236 126,63C 181,28z 258,59¢ 351,10¢ 453,64z 587,66%
GDP Growth Rate (p.a’) 6.1% 6.3% 7.4% 7.4% 6.3% 5.3% 4.4%
GDP per capita (USDjJ 615 787 1,063 1,444 1,883 2,357 2,970
GDP per capita (USDjJ 760 1,207 1,998 3,270 5,060 7,396 10,993

Note Average growth rate is a fivgear average except in the column for 2041, which is-giesix average.
*1: Real Basis at 2005 price

*2: Nominal Basis

Source:JICA Survey Team

Unt i | now, Bang!l ade s h dmintaing dy laborintensivg industiehisudnass b e e |
the garment industry. Howeveneavy dependence ahese industriess not sufficient tosustain

further economic growtln a longterm basislt is necessario achiee industrial structural changes

in Bangladestby diversifying industries ando foster high value added industries by implementing

proactive industrial policies.

Present value added by ssiéctors in the manufacturing sector of Bangladesh is shown ingtive fi

below. The textile industry is the largest in the manufacturing sector and accounts for approximately

60% of the total value added in the sector. I n
and partso, Aprocesctdo fawmdsdmetial aptoduptread in
but these industriesdé share in value added is s
i ndustri al structure of Bangladeshdds economy.
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Figure 1-7 Value Added by L arge andMiddle ScaleM anufacturing I ndustries

The following figure is a conceptual il lustrati
2041. While Bangl adeshoés economy will continue
the RMG, jute and leather industries, until the begigndf the 2020s, new industries will grow
gradually. Export items are expected to become diversified, such as light engineering products,
processed foods and pharmaceutical products. From theée.aayward 2041, this diversification will

expand to highevalue added new industries and products such as electronics, information and
technology/software, automobile parts, machinery and shipbuilding.

To achieve such industrial development, it is necessary to implement various industrial policies
including in@ntives for foreign direct investment, infrastructure development and industrial human
resource development.

Diversification of Export

Light Engineering

Agro Processing Electronics
Jute and Jute Goods RMG Pharmaceuticals |CT/Software
(70% of export;1981) ( 0% of export;2015) Auto Parts
Machines
Shipbuilding

Petrochemical and Steel

2021 2041
Source: JICA Survey Team

Figure 1-8 lllustration of Industrial Development in BangladesiToward 2041

(2) Targets to Achieve

1 Achieve high economic growth rates with an average annual growth rate of 7.4% until 2025 and
become a member of uppaiddieincome economies (at a GNGross National Income)er
capitaof 4,126US$or morg in mid-2020s.

1 Maintain high economic growth from 2025 onward and achieve GDP per capita equal to that of
high-income economies (at a GNI per capita of 12,736 US$ or more) by 2041.

1
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1 Foster high valuadded industries and facilitate exporternted industrialization so as to achieve
high economic growth rates. Toward this end, implement appropriate industrial policies according
to the stage of industrial development.

(3) Roadmap

It is estimated that Bangladesh is currently on the way to Phasé¢h2 following industrialization

process and is likely to move toward Phase 3. To maintain long term economic growth without stalling

current favorable economic conditions, it is necessary to implement the following measures for further
advancement of aoestic industries.

1 Short and medium term: incentives for foreign direct investment; various infrastructure
developments such as construction of industrial parks like SEZ, ports, roads, railways and power
plants.

1 Medium and long term: construction of indiuest parks; facilitation of infrastructure
development; industrial human resource development such as development of skilled labor force;
promotion of deregulation and economic liberalization.

Phase 1 Phase 2 Phase 3
Import Substitution Export Oriented Export Oriented

Agro Production Industrialization Industrialization Industrialization

(Easy Substitution/Light Industry, (Labor Intensive Industry) (Technology & Capital

(Labor Intensive Industry) Intensive Industry)

Support Policy Support Policy Support Policy

infant industryprotection Incentives to FDI Skilled labor development

-high tariff SEZ. EPZ Liberalization& relaxation

-restrictions on imports Develop infrastructure ' fegulations

Source:JICA Survey Team
Figure 1-9 Stagesof I ndustrial Development andNecessaryPolicy Measuresto Support This

1.6.3 Primary Energy

(1) Current Status and Issues

Based on the aforementioned economic growth outlook, energy consumption outlook by sector until
2041 was studied. Final energy consumption outlook and the sectoral breakdown in tised3¥atio
without consideringhe effects of energygaving measures are indicated in the figure below.

Residential Industry Commercial and public servises = Transport Agriculture etc. Non-energy use
—>
1 Projection

120,000 + i B

140,000

100,000

80,000

60,000

40,000

[ktoe]

20000 ————— — = w==@EEE R e o o BB

MENNNNNNNNANEE

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040

Source:JICA Survey Team
Figure 1-10 Projection of Final energy Consumption (BAU Scenario)

With the rapid advancement of industrialization in Bangladesh, it is expected that there will be a shift
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in the industrial sector from labamtensive industries lIkRMG to energyintensive industries. As a

result, energy consumption in the industrial sector is expected to increase rapidly. In addition, in the
transport sector, as growth in GDP per capita is expected to facilitate vehicle ownership from the
middle of the 2020s onward, it is estimated that energy consumption in the transport sector will
significantly exceed thaif the residential sector in the future.

It is estimated that the average annual growth rate of total final energy consumption including the
aforementioned two sectors will be 6.3% between 2014 and 2041. According to this BAU scenario, the
growth in energy consumption will slightly exceed the GDP growth rate (annual average real GDP
growth rate is 6.1%). Though total energy consumption per G t® decrease until the middle of

the 2020s, it is expected to turn upward and, in 2041, reach the same level as the actual figure in 2014
(3.42 toe/million BDT).

For the purpose of relieving rapid growth in energy consumption in Bangladesh in the futirE n er gy
Efficiency and Conservation Master Pl an up to
supported by JICA. In light of the survey results fr&aBCMP and based on the assumption that
measures proposed in the Master Plan will be properly implkeaheit is estimated that total energy
consumption per GDP will decrease as follows in the Energy Efficiency Scenario. The difference
between the figure in this Scenario and the target set in the EECMP (energy consumption per GDP in
2030 is-20% comparedat 2014) was due to the difference in definition. For example, calculation in
this Scenario considered the transport sector,
calculation is carried out on the basis of the same definition, energy carsupgr GDP in 2030 is

-20% and that in 2041 i23% compared to 2014.

2.65 toe/million BDT as of 2030 (decrease of 23% compared to 2014)
2.56 toe/million BDT as of 204(ecreasef 25% compared to 2014)

Residential Industry Commercial and public servises = Transport Agriculture etc. Non-energy use

140,000

PrOJectlon
120,000

100,000

80,000

[ktoe]

60,000

40,000

PLJ R ————— T T TRTRCETR R R R RERRRERLEERLAEELE R

ST R

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040

SourceJICA Survey Team
Figure 1-11 Projection of Final Energy Consumption (Energy Efficiency Scenario)

The projection of primary energy supply calculated based on this is shown in the following figure and
table (in the case of ScenaricaBong the five scenarios that are discussed in Chapter 12). Average
annual primary energy supply will grow at a moderate rate of 4.8% up to 2041. However, in addition
to significant growth in energy supply from coal and renewable energy, which is maguyfars

power generation, energy supply from oil slightly exceeds the average figure due to increasing demand
in the transport sector.
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Figure 1-12 Projection of Primary Energy Supply i Scenario 3

Table 1-7 Projection of Primary Energy Supply i Scenario 3

Primary Energy Sources 2014 2041 Annual growth
ratedd

Natural gas 20,726 (56%) 50,149 (38%) 3.3% p.a.
Ol (Crude oil — refined 53 1706) 32,153 (25%) 6.2% p.a.
products

Coal 1,361 (4%) 26,273 (20%) 12.7%p.a.
Nuclear power - - 11,942 (9%) -
Hydro, solar, wind power ar 36 (0%) 197 (0%) 6.5% p.a.
others

Biofuel and waste 8,449 (23%) 4,086 (3%) -2.7% p.a.
Power (import) 377 (1%) 6,027 (5%) 10.8% p.a.

36,888 (100%) | 130,827(100%) | 4.8% p.a.

SourceJICA Survey Team
(2) Targets to Achieve

i Based on the assumption of introducing enesgying measures proposed in EECMP, GDP
intensity of total energy consumption will decrease28% in 2030 compared to 2014£0% if
calculated based on the same definition as EECMP) and will decreaS&bokip 2041 compared
to 2014 (23% if calculated based on the same definition as EECMP).

1 To atainthe above goal, the aim is to achieve reductions in energy consumption of 16% in 2030
and of 28% in 2041 compared to the BAU scenario.

1 Though energy saving in theahsport sector was not taken into consideration in EE@WMPeds
to be noted thatotorization will be accelerated significantly due to income growth. As a result,
energy consumption in this sector is expected to expand dramatically. To achieve thgaddpv
the aim is torealize a reduction in energy consumption in the transportation sector of 33%
compared to the BAU scenario.

(3) Roadmap
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To implement the Action Plans proposed in the EECMP.

1 Energy management system (targeted demand in the laggscale industrial sector and the

commercial sector)

1 Performance labeling and minimum performance standémdlectrical appliances (mainly
targeting energy demand in the residential sector)

1 Implementation of energyaving construction standards (i.evised BNBC)

1 Low-interest loan programs for the installation of EEC equipment

In the transportsector, not only the improvement of fuel consumption efficiency plassenger
vehicles but also the improvementtadffic conditions in urban areas (within Dhaka city), which are
affected by chronic heavy traffic congestion, needs to be considered.

1 Policy measures for improvement of passenger veldiciesbustion efficiency (e.g. eco car

program)

1 Improvement of roadhetwork development in urban areas (e.g. road widening, construction of

flyovers)

1 Development of railway network (e.g. MRT development within Dhaka city, Ddktiagong

railway networkdevelopment)
1.6.4 Natural Gas (Domestic)

(1) Current Status and Issues

Natural resources, if used, will run out someday. This also applies to natural gas in Bangladesh.
Recoverable Proven reserve of natural gas in Bangladesh is 20.8 TCF. 12.1 TCF had been produced
and consumed by 2014, and therefore the remaining gas reg#rge 8.7 TCF, corresponding to a

Reserve Production Ratio of 9.5 years.

GIIP and YTF 2015 Updated

Discovered Gas field,

GlIP 39.0tcf

Proved + 31.3tcf
Probable+Possible
(3P)
Recoverable Proved +
Probable (2P)

Remaining
Reserves 2P
14.5tcf
Recoverabl
e Cumulative
Proved (1P) Production
12.1tcf

Un-discovered Gas field,
Definition of gas reserves

8.4tcf
Yet To Find (YTF) in 2001

i 6.9tcf

i Expected
: Remaining
: YTF

: 1.5tcf
* Already found YTF as
of 2014 P1+P2+P3

Source: Fieldwise natural gas reserve estimates (Petrobangla, Nov. 2014),

and Draft Five Year Gas Supply Strategy 2@04.9)

Figure 1-13 Gas Resource Balance

From an international economic point of view, the people of Bangladesh should recognize the true
value of domestic natural gas. They need to maximize its recovery and use it efficiently.
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In the area obil and gas field development, significant technological advancement has been made
since 1990, and oil and gas recovery has improved significantly. Gas development in Bangladesh
needs to benefit from such advancement and to introduce some mechanisratveakage of it.

Bangladesh has invited I0Cs (International Oil Companies) for offshore development; however, it has
not been particularly interested in working with technologically advanced and financially sound I0Cs
for onshore gas field development.

In order to maximize the recovery of gas from onshore fields and develop them more efficiently, it is
important to invite these I0Cs for onshore gas development. Existing PSC should be amended to
attract such IOCs. International tenders to be carrigdunder the revised PSC, and partnerships
between domestic production companies (BAPEX, BGFCL, and SGFL) and IOCs should be
encouraged.

Natural gas will run out someday. The role of BAPEXdtl be changed to allow it te@uire energy
asset overseas order to contribute to energy security in future, in a similarmeato that of ONGC
in India.

Gas Use Efficiency is one of the critical i ssue
available in the future and gas users need to enharicethee f f i ci ency t o save t he
gas resources. Both the Urea Manufacturing Sector and Power Sector are majorsgasiusave a

significant impact on the overall gas consumption.

Urea is manufactured from natural gas. The world bendhmidiciency for Urea Manufacturing is
25mcf/ton, while average efficiency in Bangladesh was 44 mcf/ton as of 2014 FY, much higher than
that of the international benchmark. Provided that the international benchmark is used in the country,
130 mmscfd of gasvould be saved in manufacturing 2,375,000 tons in 2014 and this figure would
translate into the power plant equivalent of 2000 MW.

Gas Consumption for the Power Sector (under BPDB) was 337.4 BCF in FY 2014 while Power
Generation Capacity was 8,340 MWdaBenerated Power was 42,200 GWh. From these figures, it is
assumed that current power generation efficiency is around 38%. Provided that efficiency can be
raised to 45%, which is considered the international benchmark for a gas based power plant, Energy
gas consumption will be reduced to 285 BCF, and the difference of 52 BCF can be said to be wasted.
This is equivalent to 1,300 MW in power plant annual operation.

In addition, it appears that power genenmatifficiency of Captive Power is not necessatiligh

enough. Further investigation is necessary but low gas efficiency is a waste of resources and some
penalty should be imposed.

It is necessary to enhance the efficiemo the international level and a supporting legal framework
and regulatioaneed to bgutin place.

(2) Targets to Achieve

1) In order to attain efficient and economical development of domestic gas resources, introduction of
technologically advanced and financially sound IOCs is considered very important. Policy and
legal framework should be reviewed and changed. A regal/regulabn scheme should be
developedoy 2019.

2) Acquisition of energy resources from overseas is necessary in order to maintain and/or increase the
national energy assets belonging to Bangladesh. (Mid/Long Term)
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3) Gas UseEfficiency to be enhanced to thatérnational level with the use of the best commercially
available technology (Short/Mid Term).

(3) Roadmap

1 Amendment of PSC by 2019 to attract IOCs and encourage them to make investments in
Bangladesh
- InternationalTenderbased on new PSC
- Encourage forimg of partnership between I0Cs and domestic gas production
companies, i.e., BAPEBXBGFCL (Bangladesh Gas Field Company Limited), SGFL
(Sylhet Gas Field Limited)

1 Role of BAPEX and associated legal framework to be changed by 2019
- Acquisition of Energy resurces overseas by 2028

1 Legal framework to enhance gas efficiency to bplawe by 2019
- Efficiency to be enhanced to the international level and discourage the use of
substandard facilities.

1 Gas Transmission and Distribution infrastructure to be mozisairby 2019
- Transmission and Distribution gas Infrastructure should be electronically mapped and
able to introduce advanced monitoring and control systems to support the efficient use of
gas
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1.6.5 Natural Gas (LNG Impaos)
(1) Current Status and Issues

Gas Production from the current domestic gas fields in 2015 was 2,500 mmcfd and will reach a peak
production of 2,700 mmscfd in 2017, then start to decline. However, Gas demand in Bangladesh
forecasts a significant increase in future. The demand and sgaplynust be filled by gas (LNG)
imports. The first LNG will be introduced in 2019 at the rate of 500 mmscfd, which corresponds to
17% of gas demand. This percent&giorecast to inaase to 40% in 2023, 50% in 2028, and 70% in
2041.

Comparison with PSMP2010 and PSMP2015 Gas Supply Scenario

2009 2011 2013 2015 2017 2019 2021 2023 2025 2027 2029 2031 2033 2035 2037 2039 2041

LNG Import from India

Onshore LNG
mm FSRU
= YTF Offshore
mmm YTF Onshire
mmm Existing Onshore (P1, PSMP2015 survey team projection)
PSMP 2010 Low Case (Existing+YTF Onshore+LNG)
«===PSMP 2010 Base Case (Existing+YTF Onshore+YTF Offshore+LNG)
«=g=PSMP 2010 High Case (Existing+YFT Onshore+YTF Offshore+LNG), esp Block 11 (Netrokona), Chhatak, Two off-shore bi

exgme Actual Supply (2009-2015)

Source: JICA Survey Team

Figure 1-14 Gas Supply Forecast 2016~2041

Under these circumstances, gas (LNG) import infrastructure, including an LNG Import and
re-gasification terminal, and connecting pipeline to the existing transmission and distribution
infrastructure, needs to be constructed urgently to fill the suppldemadnd gap.

Currently, introduction of LNG via FSRU, initiated by Petrobangs underway, and concurrently,
construction of a land LNG terminal by Power Cell is also under discussion. It is important to
understand the difference in these systems iw ved economics, construction schedule and
operational risk, and it is advisable to prepare in the Master Plan the introduction of LNG to
Bangladesh.

The economics of a land LNG Terminal require large upfront investment for land acquisition and
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infrastructwe construction; however, gas handling capacity can be increased with the increase in
demand with minimum cost and schedule. Unit operation cost will be lower with the increase of
handling volume. It is also important to note that larger size tankersecaseld for LNG delivery and

this will benefit the land LNG Terminal by reducing the unit transportation cost.

In view of the construction schedule, a Land LNG terminal requires 10 years including land
acquisition and the associatedsettlement plan. FSR requires less than 3 years for commercial
operation.

It should be noted, howevehat the current FSRU project in Bangladesiuld require more than 60
timesd the LNG delivery using Ship to Ship Trans
LNG Terminal Capacity will be expanding and transmission capacity of peding infrastructure

from LNG terminals to the existing distribution infrastructure may need to be studied in advance.
Sending out gas pressure at the terminal should be stiadadidw the use of higher pressure for gas
transportation, eliminating booster compressors downstream. Higher rpra@ssthe system will
impact existing gas systems and well head separation perform@iheelsNG Master Plashould be
prepared to optimiz and solve potential operational issues.

Fluidization of LNG supply has started already and the inflexible Take or Pay Contract has been an old
legacy in US and Europe. On the other hand, Asia has suffered from ansieggas pricing system
known as tk Asian Premium. It is important to tie up with other LNG importing Asian nations and
consider the introduction of spot procurement, and discuss product exchange (trading) among the LNG
importing nations. It is advisable to own a slightly larger storagaaty and loading facility for
re-export. Terms of sales/purchase agreements for LNG are not simple. It is important to set up a
strategy taking the above into consideration.

It should be noted that theurrent LNG price is about ten times higher thant fba Bangladesés
domestically produced and marketed gas, whereuhert gas price for the electric power sector is
1.02 USD/Mcf and that for the fertilizer sector is 0.94 USD/Mcf. In the near fthaeependence on

LNG over the total gas supply witlharplyincrease, andhe dependency on LNG is projectt
exceed 70%of the total gas supplin the year 2041. Domestic Gas prices need to accommtidate

LNG price. Under these circumstances, existing fertilizer manufacturing facilities will not déoabl
produce economically competitive product and the power price from old existing facilities will not be
able to compete economically with higher efficiency faciliti®snilarly, moreattentionshould be

given to gas leaks and system loss from gas fmesgon and distribution infrastructure to prevent
economi c thHe osopportunitycesd ,

It is very important to review the integrity of the existing infrastructure, and swiftly introduce an
electronic mapping system with object orientateduies as a first step.

(2) Targets to Achieve

1) Land LNG Terminal: Commence 500mmscfd of gas supply in 2027, expanded to 2,000mmscfd in
2041

2) FSRU Phase 1: Commence gas supply of 500 mmscfd in 2019, and additional 500 mmscfd as Phase
2 in 2023

(3) Roadmap

1 Master Plan for LNG Introduction to be prepared and completed by end of a®deting
economic analysis constructionschedule,operational risksgenergy security, andinternational
cooperation (including joint LNG infrastructure operation)

T Initial landbasedLNG terminal commences operation in 2027, supplying 500mmscfd of natural
gas. The terminal is expanded to supply 3,000 mmscfd gas in 2041.

1 FSRU Phase 1 and connecting pipeline to be completed and start supplying 500 mmscfd of gas in
2019

1 Impact of LNG introduction on existing gas infrastructure and gas field facilities to be
investigated and reinforcement plan to be prepared by 2019

1 LNG Procurement Strategy to be prepared by 2018.
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1.6.6 Coal

In this section, the infrastructure for import taad domestic coal development is considered.
(1) Current Situation and Issues

(a) Infrastructure for import coal

1) As for the quantity of import coal in 2041, 60 million tons is expected.

2) Because the infrastructure for import coal is closelytedlao handling cost, it is left to the
consideration of each power station plan at present. There are some options such as Coal Center +
Barge Transport, Coal CenteiBelt Conveyor Transport and Offshore Unloader + Barge Transport
etc.

3) On the othehand, a Coal Center will be a major solution playing a key role in the future because a
steady coal supply is the most critical issue for a power station.

(1,000t) Coal Supply

70,000
60,000
50,000
40,000
30,000
20,000
10,000

0
2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040

Domestic Production m Import Total Supply

Source:JICA Survey Team
Figure 1-15Forecast ofCoal Demandand Supply

(b) Domestic coal development

1) Coal will be the cheapest primary energy now and in the future andimhpower stations will
increase in Bangladesh.

2) On the other hand, the cdakd power stations irBouthern Asia surrounding Bangladesh are
increasing rapidly. As a result, the supply, the quality and the price of import coal will become very
unstable in the future.

3) From the situation mentioned above, domestic coal development will become morauritniinan
at present in future, because high quality coal is abundant in Bangladesh.

4) The understanding of inhabitants is necessary for domestic coal development, and the government
needs to perform awareness activities in order to gain the understahthiegation.

5) Despite the high price paid for the coal mined by the Chinese contractor, the technology transfer
from the contractor to Bangladeshi engineers has been limited. If this system of the mining
continues, the increase in coal production whih development of new underground coal mines will
not lead to the reduction in the production cost and, therefore, the stable supply of domestically
produced coal will not be realized.
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(2) Targets to Achieve
(a) Infrastructure for import coal

1) Enfor@ment of F/S for the import coal infrastructure
2) Construction based on the F/S

(b) Domestic coal development

1) Technology acquisition in coal mines for Bangladesh

2) Carrying out pilot operation of open cut mining technology in the Barapukuria aoal mi

3) Development permission for Digipara coal mine and Karaspir coal mine

4) Approval of small scale open cut mining at Phulbari after the pilot operation at Barapukuria coal
mine

(3) Roadmap
(a) Infrastructure of import coal

1) Implementation ofmport coal infrastructure in the F/S.

- The F/S for the CTT (Coal Transshipment Terminal) planned in therbéataarea has already
been completeqSource: Preparatory Survey for the Construction and Operation of Imported
Coal Transshipment Terminal Projeén Matarbari Area in People's Republic of Bangladesh as a
PPP infrastructure project)

- In this plan, phased development for CTT was recommended to provide sufficient flexibility, i.e.,
to expand the CTT when the power generation program developneemeaistic commission
operation date (COD) become certain.

- The first phase of the CTT will commence operation in 2025 (planned amount of coal: 10.4
million t/year); the object of the second phase will include those power stations that commence
operationby 2029 (amount of coal: 25.6 million t/year) and use the CTT.

- For the future, with an increase in the development of newtheahal power plants there is a
need to implement the F/S for the infrastructure and plan for efficient coal transportation.

- It will be important to conduct a F/S on the possibilities of the construction of CTT in near future
and offshore loading and unloading including an analysis of the actual record of the offshore
loading and unloading in the Bay of Bengal.

2) Based on th&/S Construction

- For CTT (Coal Transshipment Terminal), efficient coal supply operation while ensurintglomg
stability is desired. When planning in Bangladesh, it is important to take into account the natural
characteristics such as the broad expams sand, cyclones and high rainfall, and the protection
of precious animals and plants.

- When importing coal over a long period of time, facility planning that can respond to changes in
the type of coal is desirable as, depending on the coal megswes, future coal mines and
countries may change.

- The promotion of mechanization and securing of stable supply for offshore loading and unloading
by floating crane; the implementation of early construction of the CTT.

(b) Domestic coal development

1) Because it will take about 10 years to develop a new coal mine and start production, production will
begin in 2025 at the earliest even if it is prepared now. Therefore, it is necessary to carry out the
required preparation from a position of being ableddtds now due to as much utilization of the
excellent domestic resources as possible.
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2) Unfortunately, the production of Barapukuria coal mines in 2015 was 0.68 million tons and did not
reach 1 million tons as planned, but 1.1 million tons from U/G0202and a total of 3.2 million
tons (1.2 million tons from U/G and 2 million tons from O/C) from 2030 to 2041 are assumed.

3) In addition, it is assumed that total production will be 1.1 million tons by 2020, 5.7 million tons by
2030 and 11.2 million tonky 2041, considering the production scenario in which Dighipara and
Kalaspir coalfields have high development possibility, including the Phulbari coalfield.

4) The acquisition of coal mine technology by Bangladesh
It should be the case that by 2020 systems have désablished througtvhich Bangladesh can
learn in technologies such as mining, ventilation and mine safety technology for stable production
in the Barapukuria coal mine, and that Bangladesh can play &lein developing a new coal
mine.
It is considered necessary to establish an institution for training mining engineers anepartiird
organization for technology transfer,g.a mining college, in order to enable Bangladeshi workers
to implement and evaluate the outputs of the programs and extend of the use of transferred
technologies to other mines later in the meditoriongterm.
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1.6.7 Oil and LPG

(1) Current Status and Isss

Bangladesés current oil annual demand is around 5 million tons, and theéifiency rate is only

5%. However, Bangladesh expects continuous economic development, and the industry sector and
transport sector demand will lead drastic oil demand tiro® times higher in 2041 than in 2016
(average growth rate 7.4% p.a.), even undefiimergy Efficient and Conservation Scenério

Bangladesh has several plans to extend or newly developfioikeries however,if the oil demand

grows as projected, bimports will be mandatory to meet the demand and keep increasing.
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Figure 1-16 Oil Demand and Supply Balance, 2014 to 2041

Furthermore, Banglade@hLPG demand is only 2% of total oil demand, and less than 0.01% of the
total energy demand. However, LPG consumption is expected to grow drastically as an altemative
householddcooking fuel (currently domestic natural gas) &adhsportatioriuel.

The current price of LPG is two to three times higher than that gfigedinedgas, and may not be
affordable for average households in Bangladesh. While Bangladesh rural houspbhaltig7 % of

their monthly incomeon traditional solid biomass, LPG at the market price would be 25%. If the
government seriously intends to pursue universal adoes®dernenergy LPG may not be a good
solution ormay need some policgountermeasuresubsidy of LPG maywork to some degree to
increase affordability; however, without sound consideratibthe side effects and an exit strategy,
LPG subsidy wouldreatehuge pressurenthe national coffes; given the projected future demand.

In termsof affordability, biogas could be an alternative to promote universal acesslern energy
especially in rural areas.

(2) Targets to Achieve

The government should define a strategic positioroil products in itsholistic energypolicy,
andecononic development policy.

The government should develop an exiitegyfor oil product subsidy.

5

5

(3) Roadmap
A clear strategic positioninigr oil products in the energy policy by 2017.
Exit strategyfor oil product subsidy by 2017.

5
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1.6.8 Power Developmerilan
(1) Current Status and Issues

As mentioned in Chapter PSMP2010 review, fjigar power demand by PSMP2010 and its actual
performance had remained in about 8,000MW which is about 80% level of the plan, because it was
delayed power plant constructiovhich had been planned and necessary infrastructure such as port
which is essential to stable fuel imports has not been established.

Therefore, it is considered necessary for the Energy Division and the Power Division to develop an
organizational structe and operating system more integrated than before. They must also make
concerted efforts to formulate a joint infrastructure development plan, to raise funds in the
public-private partnership and to develop infrastructure systematically in order tovechistable
energy supply, a source of future economic development.

(2) Targets to Achieve

The power demand forecast is an important factor in the formulation of a future power development
plan (PDP). However, the accuracy of the actual demand forsaassuch a level that it is difficult to
forecast even the demand for the next day accurately and, in fact, it is almost impossible to accurately
forecast the power demand for several years or longer. Because of this unreliability of the demand
forecast,it is not advisable to formulate a PDP optimal for a certain condition in future and promote
actual power development in accordance with this PDP. In other words, it is very important in
formulating a future PDP to consider all the elements, includingddmmand variables in the
estimation, conduct a sensitivity analysis while changing these variables within their respective
reasonable ranges for a certain system, and analyze the relationship between power generating
facilities in the system and the econonenvironmental and energy security values of the system.

Therefore, a longerm vision for the power source composition created by making a rough estimation
of the future demand based on a scenario of the macro economic growth, simulating a demgnd/suppl
operation somewhat simply using the estimated demand scenario as a variable and formulating the
optimal PDP is presented as a recommendation. The planning flow is as follows.
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Source: JICA Survey Team
Figure 1-17 Power Development Planning Flow

1) PeakPower Demand Projection

As for the methodol ogy of peak demand projecti c

el asticity methodo, which is an easideddloclpproac

counterpart agencies who are expected to take over the work in a rolling plan. However, it has to be

noted that this methodology disregards various factors that may also affect the power demand; hence,

the results may differ significantly from ahmethodologies. This study therefore also tried the peak

demand projection based on the fiSectori al analy
GDP el asticity methodo
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(a) Estimation of the maximum power that includes potential demands

Because of the particular situation in Bangladesh whereby rolling blackouts have been used as a
measure to circumvent power shortages at the peak hours, the recorded maximum power consumption
does not include such potential power demand. Therefore, anatcdarecast of the maximum
demand including the potential demand requires a theoretical estimation of load curves from the daily
operational data with particular attention on the characteristics of the seasonal changes in the daily
load curve and the fregncy and durations of rolling blackouts.

Because rolling blackouts have been relatively rare on weekends and holidays in the winter (between
November and January), a daily load curve gives an actual peak load (at the hours of the peak power
consumption dr lighting) that is quite accurate. A daily load curve in the summer gives estimates of
the base and intermediate loads close to the recorded values.

Therefore, a composite daily load curve representing the peak power demand was created from the
daily load curve in the summer with part of the peak hours replaced by the same part of the daily load
curve in the winter as shown in the figure below. The peak power demand in FY 2014, which was used
as the baseline for the peak demand forecast, was set at [W3%y adding the base and
intermediate load in the summer (5,487 MW and 1,043 MW, respectively) and the peak load in the
winter (1,811 MW) recorded in FY 2015. The peak power demand in FY 2016 was estimated at 8,921
MW in the same way and this value wased as the reference value in the peak power demand
forecast.

Actual Peak curve in 2014 Summer Actual Peak curve in 2014 Winter Estimated Peak curve in 2014 Summer
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Source JICA Survey Team
Figure 1-18 Estimated Composite Daily Load Curve in the Summer in Bangladesh

(c) Verification of GDP elasticity methaoly using Sectorial analysis method

I n comparing the power demand projection betwee
analysis methodbo, this study concluded that t he
the former by abdu5%. Therefore, this study adopted a peak demand projection using the "GDP

el asticity methodo, which is an easier approac
counterpart agencies who are expected to take over the work in a rolling plan.
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Figure 1-19 Comparision of peak power demand in both models

(d) Integration of Peak Power Demand Projection and Energy Silmptyand Projection

Following the projection of peak power demand as formulated above, this study calculated the

available electricity supply from the power grid by multiplying the annual load factor, and then
compared this with the projection of total electricity consumpti@t was discussed the previous

sectionin the projection of primary energy supply and demand.

2) Power DevelopmentPlan

Shortterm and mediuaterm power development plans are to be formulated after verifying the
appropriateness of matters with alditshortterm uncertainty (the state and retirement plans of the

existing facilities and the plans approved by the Government) in the formulation of-&tongower
development plan. The basic CODs of the gas and coal power plants in therlorand cadidate
plans are to be determined in conformity with the port and fuel depot infrastructure development plan

to be for mul

ated

separately

Chittagong Region (Southern Chittagong MP Suyveyo

The optimum power source composition is to be determined in the preparation of the future vision of
the power source composition by conducting a quantitative evaluation of the economic, environmental

n

t he

fnDat a

Col

and energy security (3E) values of scenarios witterént composition ratios for the gas and coal

power generation. Different composition ratios for the gas and coal power generation within ranges
that are consistent with the infrastructure development plan in the Southern Chittagong MP Survey are
to beused in the scenarios, particularly for the highly unpredictable periods for th¢etomgnd

candidate plans.

ec
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Figure 1-20 Relationship between the Time Scale and the Change RDP

(a) Existing plants

The installed capacity of existing plants was determined as described below after discussions with the
organizations concerned in Bangladesh. The installed capacity of existing plants is 10,895MW as of
2015.

(b) Retirement Plan

Thelists of the existing power generation facilities above show their outputs, CODs, retirement years
and operation periods. Analysis of these data has revealed that the average operation period for these
power plants is approximately 20 years. It is dificto improve the efficiency of the existing
inefficient plants significantly because of the large cost required for such improvements. For these
reasons, it has been concluded that the retirement plans prepared by the government are appropriate.
The adogbn of a strategy aiming at improving the efficiency of the entire power supply network by
retiring the existing inefficient power plants gradually and replacing them with new, efficient facilities

is considered essential for realizing the maximum uskeofimited resources.

(c) Evaluation of the Plans Approved by the Government (Committed Plan)

Power plants with a total output capacity of approximately 14,000 MW are to be constructed in the
next ten yearslhe current status of each thermal power dgwekent plan was confirmed based on the
discussion with related companies, such as BPDB, BIFPCL, CPGCBL, NWPGCL, Orion Group, etc.

(d) Consideration of Consistency with the Southern Chittagong MP Survey

Guarantee of the loragrm stability of the fuel sygly is a very important factor in the formulation of a
power development plan. The existence of a port infrastructure required for the importing of fuels
including gas and coal during operation has to be a precondition for the decision on the CODs of new
power plants, in particular. Therefore, the infrastructure and port development plan formulated with
the consent of the Government of Bangladesh in the Southern Chittagong MP Survey, implemented by
JICA, was used as reference in this analysis and the COe power supply facilities were set in a

way consistent with the plan.
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(e) Evaluationb of the Ultrdong term Power Development Plé@andidate Plan)

A study on increasing the power sources by changing the ratios of the gas and coal powerrgeneratio

in accordance with the progress in the infrastr.u
Chittagong MP Survey is to be conducted for the formulation of the candidate plan. In this section, a
scenario that sets the composition ratios of #reeand coal power generation in 2041 at 35% is to be

used as the basic power development plan.

(f) Summary of Power Development Plan

The figure below shows the power supply plan formulated by adding the capacity of the existing
plants estimated with theetirement plan in the plan for the existing facilities taken into consideration
(existing capacity), the capacity of the plants mentioned in the Committed Plan to be constructed by
2025, the capacity of the plants to be constructed later in the Canidatthat is subject to changes

and the capacity required to ensure supply reliability during peak demand.
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Figure 1-21 Annual Trend of Each Power Plants MW

3) Simulation of Supply/Demand Operation
(a) Preconditions for the Estimation of the Economic Bndironmental Values

(a-1) Daily load curve

The following estimates the daily load curve in Bangladesh during the-ZBU5 period. The
performance records of the daily load curve in Bangladesh in 2015 are represented by a curve having a
power demangeak in the evening, as illustrated below. In the meantime, by 2041, the economic
growth rate in Bangladesh is estimated to reach the daily load curve of advanced countries, where the
peak is found in the daytime and evening, if the growth of the eleatidn rate is taken into account.

Power Demand Forecast (MW) 60,000 g

60,000
50,000
50,000 40,000 |
40,000 30,000
20,000 |
30,000

10,000

20,000 0

=2015 ®2020 K:
=2025 ®2030 FCHEP
2015 2020 2025 2030 2035 2040 52035 02041 P DT

Source: JICA Survey Team
Figure 1-22 Transition of estimated power demand during20152041(Unit: MW)

(a-2) Power supply réhbility

An analysiswas conducted on the relationship between the reliability of power supply and the
required capacity based on the power demand forecast (Base Case) and PDP. The relationship between
the reserve margin and LOLE changes from year to yetire value of LOLE is set at the standard

value for developing countries of 1.0 to 1.5%, the reserve margin theoretically appropriate for the
current state is approximately 25%. If international linkage and nuclear power generation are to be
introducedca. 2025, the reliability of the power supply shall have to be improved, as mentioned in
detail in the chapter on power quality. A margin of between 8% and 15% will be required in order to
achieve the target of LOLE = 0.3%, which is acknowledged to leeyachallenging target. Therefore,

it was assumed that the reserve margin shall be reduced from 25% in 2020 to the target of 10% by
2030 and shall be maintained at this level thereafter.
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Reserve Margin Condition (%)
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Figure 1-23 Reserve Margin

(a-3) Fuel Price Scenarios

The differences between the prices of fuels in Bangladesh, including the price of domestically
produced gas in particular, and the prices in the internatioréetnare large and fuel in Bangladesh

is provided at prices significantly lower than those in the international market. As the future economic
growth will inevitably make it impossible to satisfy the power demand with domestically produced
resources, therpportion of imported fuel in the fuel supply is expected to increase rapidly and the
prices of fuel are expected to increase to close to those in the international market.

In the discussion with the Government of Bangladesh and the IEA, the internatigaiaization on
energy,it was decided to use the IEA Scenario for the price of crude oil that projected the price on the
basis of a very longerm projection of the supply/demand balance in this analysis.

However there is a difference between the mapece of crude oil in the IEA scenario and the actual
price in the market in Bangladesh at present. Therefore, an original scenario for this analysis (F5) has
been formulated as the basic scenario for the price of crude oil. In this scenario, theegfamnis

set at the average price of crude oil in the domestic market in 2015 and the price is projected to follow
the New Policies Scenario of the IEA (F1) from 2020 onward.
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Figure 1-24 IEACrude Oil Scenario

(b) General description of Supply/Demand Operation Simulation

The estimation with the least cost method was used in the quantitative evaluation of the optimum
power development plan. A goodldace of the economic, environmental and energy security values
based on the primary energy supply/demand balance, PDP, power system analysis and power system
operation was taken into account in the evaluation. The results of the evaluation were iieflebied

PDPAT Il and WASP IV were used as the tools for the simulation of supply/demand operation in the
formulation of PDP, which was implemented in accordance with the flowchart shown in the figure
below

The annual fuel cost for a certain year wasnestiéd by finding the most cesffective operation of

the given power generation facilities to satisfy a given demand of the year concerned in the simulation
of the supply/demand operation. At the same time, a comparison of the fuel cost was conducted, the
annual expenses were estimated as a total of the fixed cost, fuel cost andringmted cost, the least

cost operation, the most casffective operation of the total power system, was identified in the
simulation and the economic value of the powevetlgpment plan was evaluated. The optimum
development plan was selected by comparing the estimated annual expenses with those of other
development plans.
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Figure 1-25 Simulation schem of the supply/demand operation

The energy mix should be examined based on the fixed factor and the variable factor as shown in the
figure below. For the fixed factor, nuclear power plants, power imports, hydropower plants, existing
coalfired powerplants, existing oifired power plants, and candidate coal, gas andired plants

that the plan is already in progress should be taken into consideration. For the variable factor,
assuming that 70% of the total energy source that is considered dgerépr the power generation

plan will be covered by coal and gas, in order to study the optimum energy source composition, five
scenarios of energy mix with the share of coal and gas in the energy mix as of 2041 changed from P1
to P5 in the figure beloware studied.

In this case, the share of oil and other fuels in the energy mix should not change in each scenario. The
energy mix by fuel type from 2015 to 2041 in each scenario is as shown in the following figure.
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Figure 1-26 Generation pattern in 2041

After determining the optimum share of gas and coal in the energy mix, for Step 2, changing the share
of fuels other than thermal power and nuclear powerdgrenergy mix should be considered.
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‘BFixed Factor: Nuclear, Dom Import i 1 Gas Import Import et
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Figure 1-27 Image for demand and supply simulation

1-49



Power System Master Plan 2016

Final Report
Scenariol : Coal 55% Gas 15% Scenario2 : Coal 45% Gas 25%
60000 60000 -
[ lell} Hydropower Ol Hydropower
50000 | mmGas == Coal 50000 - mmGas wm Coal

Power Import  EENuclear Power Import  mmm Nuclear
40000 P 40000 P

s==Power Demand Required Supply wmmPower Demand Required Supply
30000 - 30000

20000 20000

10000 10000 -
il camss=ninnnnnnnnll o | casmssniimnnnnnnll
2015 2020 2025 2030 2035 2040 2015 2020 2025 2030 2035 2040
Scenario3 : Coal 35% Gas 35% Scenariod : Coal 25% Gas 45%
60000 60000
- Oil Hydropower Ol Hydropower
50000 - mmGas = Coal 50000 - mmGas = Coal

Power Import  mmmMNuclear Power Import e Nuclear

40000 40000

@==Power Demand Required Supply w=Power Demand Required Supply

30000 30000

20000 20000

10000 10000

1 snnnanfinnmnnnnil ) snsssniinnnnnnnil

T
2015 2020 2025 2030 2035 2040 2015 2020 2025 2030 2035 2040

Scenario5 : Coal 15% Gas 55%
60000

0

L__Lell} Hydropower

50000 | mmGas = Coal

20000 Power Import s Nuclear

m=Power Demand Required Supply
30000 -

20000 -

10000

, , faasssnnnnnmnnnnill
2015 2020 2025 2030 2035 2040
Source: JICA Survey Team

Figure 1-28 Annual Trend of Energy Mix in Different Scenarios

(c) Estimation of Economic Value

The following figure shows the trends of five scenarios for generationAo#tie use of coal spreads

in stages, the fuel expense will be slashed, helping docveases in power generation costs. Thus,

the power generation cost is estimated at 9 to 12 US cents/kWh for 2040. In addition, comparison of
the power generation cost between the five scenarios for energy source ratio (P1 to P5) shows that the
power gengation cost becomes higher as the ratio of coal to all the energy sources becomes smaller.

Generation cost / coal ratio
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Source: JICA Survey Team
Figure 1-29 Power generation cost under each scenario and Ratio of coal US cent/kWh

1-50



Power System Master Plan 2016
Final Report

(d) Estimation of Environmental Value

CO2 emissions in different scenarios are shown in the figure below. The CO2 emissions in 2041 are
the highest (0.82 CO2 k@/kwWh) in Scenario P1, with a high share of coal in the energy mix, and the
lowest (0.55 COXg-C/kWh) in Scenario P5, with a low share of coal in the energy mix.

CO2 Emission (kg-C/kWh)
1.00

=P p2 P3 P4 P5
0.90 ~

0.80 o

0.60 -
0.50 \J /
040 - ! ' —— 7
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Source: JICASurevy Team

Figure 1-30 ScenaricWise CO2 Emissions CO2 kg-C/kWh

As discussed in Chapter 5, which analyzesstihgronmental policy, climate change is one of the most
critical issues among the environmental impacts of power supply. Bangladesh also submitted INDC to
UNFCCC in 2015 and projected greenhouse gas emission reductions in the power sector by 2030.

Thus, he environmental value of each power development scenario should be evaluated focusing on
CO2 emissions. This study employed CO2 cost per unit of electricity generated to evaluate the
environmental value of each power development scenario. CO2 costukteidy multiplying CO2
emissions and CO2 price. In this study, 125 USD/tCO2 is used for the CO2 price, referring to the
assumption in the 450 scenario of IEA World Energy Outlook 2015.

(e) Estimation of Energy Security Value

Energy security covers marconcepts and there are no common approaches to evaluate it unlike
previous two values. Hergye focused on risk of sudden shortage in energy supply quantity, which
would directly damage Bangladesh economic activities. The difference ratio of coal aaha@zp

power development scenarios brings different dependence on supplier countries and delivery routes,
and thus different shortage risks. This energy shortage risk can be quantified in monetary value as
potential loss value of economic production.

Propsed index is calculated using the formula below.

Energy Security Index [USD / kWh]
= GDP [USD] x Possible nedelivery rate [%] / Primary Energy Supply [toe] / Generation Efficiency [kWh/{oe]

To calcul atdefpovesiybliat e oa energy detivery eolites do Bangladesh ¢
and assumed the blockage probability of each point on the rdimedollowing figureillustrates the

model concept. Among many kinds of risk on the energy delivery routes, we focused on three risks:
export suspensn risk, blockage risk on land route, and blockage risk on sea route. We ignored the
risks to deliver domestic energy.
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Figure 1-31 Physical Energy Delivery Routes and Risks

With the model, energy delivery rate to Bangladesh can be expressed in the form of probability density
function as shown ifrigure 231, considering many different combinations of risk realization. This
curve itself reflects the risk situation of the plogdi energy delivery of the country. Using the
parameter of the expectationj)(and the standard deviatior)(of this distribution curve, we can
calculate a value of (m-) wisich shows minimum delivery rate with 84% confident interval
mathematically. Inhe other word, 1 ( m-) shews maximum ncdelivery rate. This number is that

we

cal l

N-Pebsivbtegy nNnaned here.
Probability Expectation(m
Standard f
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(s)
|
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Source: JICA Survey Team

Figure 1-32 An Example of Probability Density of Energy Ddivery

3) 3E Evaluation Results in Bangladesh

Power supply is closely related with economic activities and environmental issues. For a certain
energy
emnomic value, environmental value and energy security value. The Basic Energy Plan of Japan states

patte

t hat
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the energy

supply
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A quantitative evaluation of the 3E values in 2041 of each of the power developoggrarios

proposed in the previous section conducted for the selection of the most recommendable scenario is

described in this chapter.

Based on the aforementioned methodologies, five scenarios of power development were evaluated

t

t

h

h
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using 3E indicators, asiewn in the following table. All indicators are expressed in monetary values

and they indicate better performance when the number is small. The sum of these three indicators is

the total score for the 3E evaluation.

Table 1-8 3E Evaluation Results of Each Power Development Scenario

Composition
(MW base)

Scenario 1 Gas 15%, Coal 55%

Scenario 2 Gas 25%, Coal 45%

Scenario 3 Gas 35%, Coal 35%

Scenario 4 Gas 45%, Coal 25%

Scenario 5 Gas 55%, Coal 15%

3E Evaluation (Each Value)

11.2

11.6

12.1

12.9

13.7

US Cent/kWh
00
o
[

Economy Environment

mEnergy Security

1 2 3
Scenarios

4

5

Source: JICA Survey Team
Figure 1-33 3E Evaluation Results (Each Value)

(Total)

Environment

6.6

6.2

5.7

5.0

4.4

285

[US cent/kWh]

9.8

8.9

8.2

9.0

10.2

27.6

26.7

26.0

26.9

28.2

Source: JICA Survey Team

3E Evaluation (Least Cost Evaluation)

28.0

27.5

27.0

26.5

26.0

US Cent/kWh

25.5

25.0

24.5

3

Scenarios

Source: JICA Survey Team
Figure 1-34 3E Evaluation Results

(g) 3E Evaluatiorincluding the Possibility of the Use of Renewable Energy

As mentioned abovefter determining the optimum share of gas and coal in the enrgy mix, as Step2,

changing the share of renewable energy in the energy mix should be considered. In this stidy, RE1
scenario increasing 10% Renewable energy and RE20 scenario increasing 20% reneawable energy is

considered.

Figs. 133 and-34 s how

Estimation Method mentioned above. The intrcitbn of power generation with renewable energy in
RE Scenarios 10 and 20 will lead to a significant increase in the unit power generation cost because of
the increase in the cost for its introduction.
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Table 1-9 3E Evaluation Results of Each Power Development Scenario

Composition Economy g g :Jﬁt};
(MW base) [US cent/kWh] [US cent/kWh]
Scenario 3 Gas 35%, Coa35% 12.1 5.7 8.2 26.0
Seenanio 3 o< 3506, Coal 25% 16.0 5.0 6.9 27.9
RE10
Seenanio 3 o< 5506, Coal 25% 19.2 4.7 6.2 30.2
REZ20
Source: JICA Survey Team
3E Evaluation (Each Value) 3E Evaluation (Each Value)
21.0 31.0
128
180 30.0
17.0
16.0 29.0
1 c
§ Bg E 28.0
3 110 2 27.0
5 10.0 K]
535 5 260
7.0 L
6.0 = 25.0
a9
;:8 Economy y --~Environment- - -m=Energy-Security 240 Total
19 : . 23.0 : : .
Scenario 3-REQ Scenario 3REI0  Scenario 3-RE20 Scenario 3-REQ Scegf;oaiflo Scenario 3-RE20
Scenarios
Source: JICA Survey Team Source: JICA Survey Team
Figure 1-35 3E Evaluation Results (Each Value) Figure 1-36 3E Evaluation Results (Total)

Becausethe power generation cost is an economic indicator that has a great impact on the 3E
evaluation, a sensitivity analysis was conducted with different costs for the introduction of renewable
energy power generation. Fig-36 shows the result of the comparisoh cases in which the
introduction cost is assumed to have been reduced by 50% and 75% with the case of introduction at
the current price

The 3E evaluation values of the scenarios with the introduction of renewable energy power generation
are lower tharthose of the scenario without the introduction when the cost of the introduction has
been reduced by at least 5%. Therefore, it is advisable to decide the proportion of the power supply
generated with renewable energy in the total supply with the reductitve cost of the introduction

to be realized by technical innovation taken into account.
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Figure 1-37 3E Evaluation Results (Total)

(3) Roadmap

i) Shortterm (up to 2020)

A

>

> >

Capacity building for MP revision

V  Collaboration between organizations for power and energy master plan
V  Periodic rolling revisions for milestone mater plan

V  Comprehensive statistical work function

V Introduction of KPI management

Improvement in the investment climate

V  Improvement of PPA

V  Reinforcing tax exemption for FDI

V  Prompt procedure

V  Financial credit approval by international organization
Eliminating rolling blackouts

Reform of O&M of power plants and revision of electricity charges

ii) Short to mediumterm (up to 2025)

A
A
A

Breaking away from the dependence on costly petroleum and rental power generation
Promotion of PPP investment in power generation projects
Reform of O&M of power plants and revision of electricity rates

iii) Medium- to very longterm (up to 2041)

> 3> > >

Regardingacchieve tabest energy mix, imrderto maximize the 3E value (the total of the economic,
environmental and energy security values) of the power source composition of the energy mix, a
portfolio consisting of welbalanced prportions of gas, coal and other power sources shall be realized.
This shall be done by halving the proportion of gas power generation to depart from the current heavy

Establishment of reliable larggeale base power sources
Promotion of PPP investment in power generation projects
Reform of O&M of power plants and revision of electricity rates
Realization of the best mix of power sourcethwhiigh 3E values

reliance on gas, and with the systematic expansion of relatively inexpensivsdalgeoal power

generation and international connection with the neighboring countries as an exit strategy from the

reliance on expensive diased rental power.

In addition, the investment cost for the use of renewable energy, which is larger than thaiderdhe
conventional energy sources, is expected to reduce in future with technological advancements and the
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extensiorof its use in society. When this condition has been met, a shift to the active use of renewable
energy and a reduction in the consumptidfossil fuel shall have to be realized, following the global
trend, with the aim of increasing the use of zenussion power sources.

2015 60% 5% 5% 30%

2041 (P3) 35% 35% 159 10% 5%
Gas c::;a) F}I/HE %T:‘ %Il

2041
25% 25% 35% 10% |5%
(P3/RE20) cas= Coal PI/RE Nue | o
.- ot -
> 4 Y s
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
bGas Coal OPI/RE Nuc O Oil/Hydro/Others

Source: JICA Survey Team
Figure 1-38 Best mix including expansion of renewable enegy
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1.6.9 Hydropower @velopment
(1) Current status andsues
1) Current Situation of hydropoweedelopment
Bangladeshdéds climate is categorized as a subtr oj

abundant rainfall. As for the topography of Bangladesh, most of the national land is spread over the
delta area along the Bay of Bengal on the Indiarcantinent. Most areas are lower than 9 m above

sea level. In this regard, Bangladesh has relatively limited hydropower potential even though it has
abundant water resources. Only in the Chittagong hilly terrain area are there some potential
hydropower resarces.

Theexisting Karnafuli Hydropower Plafd in the Chittagong area and uses the water of Kaptai Lake.

It is the only hydropower plant in Bangladesh and its total installed capacity is 230 MW. Its No. 1 and

2 units (2 units of 40 MW) and No. 3 urfBOMW) were installed with assistance from the United
States, and operation started in 1962 and 1982 respectively. No. 4 and 5 units were installed with
assistance from Japan, and operation started in 1987. Further, No. 6 and 7 units were planned as a
Japaese Yen Loan Project in order to strengthen the power supply for peak demand. However, since
an Environmental Impact Assessment was not carried out and local consensus was not attained, a
Japanese ODA loan was not provided for the project. The problersamaed by conflicts between
indigenous people and immigrant Bengali people who were living around Kaptai Lake. Compensation
issues during the construction of Kaptai Dam were also one of the causes. Even now, entry to the area
is restricted because of laandorder problems.

Despite such a situation, the Government of Bangladesh expects furtihepower development for
reduction of CO2 emissions and power system stability.

2) Results and issues

Under this Studypotential hydropower sitefor Pumped Sirage Power Plants (PSPP) and Ordinary
Hydropower Plants (Ordinary HP) or Small Scale Hydropower Plants (S@EiR)surveyed The
results of thewveyand identified issues are shown as follows:

(a) Potential PSPP Sites

The potential PSPP sites identdd in the preliminary map study are shown Rigure 1-39.
Comparison of the potential sites was conducted based on the results of the lisenateyeand site
reconnaissance. PSPP N was selected as tmost prefaable potential site for the first PSPP
project in Bangladesh, and PSPP No. 13 was evaluated as the second potertiaiveter, it is
judged that realization of the projeotsll be difficult at this stage because of limited map data,
restrictiors on survey activities andifficulties in the acquisition of and compensation for land due to
local sentiments against hydropower development.

In the future, however, it is expected thiat selected potential PSPP sites will be developed when the
need for PSPP development increases for stability of the power system, and the above mentioned
limitations regarding the project implementation are solved.
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Figure 1-39 Location Map of Potential PSPP Sites
(b) Ordinary HP/SSHP Potential Sites
The locatios of the potential sites for ordinary HP and SSHP in this stmdghown inFigure1-40.
Although the number of site visitwaslimited the JICA Survey Teamame tothe assumption that
most of the potential sites along the Sangain river may cause large scale resettlements due to the
relatively gentle slope of the river. Though there are some prospective sites in terms of technical and
economic viability, those sites may nbé suitable sites for development in considerationthuf
environmental and social impact aspects.

On the other hand, the potential sites on the tributaries of the Sangu River are anticipated to have
limited water flow, particularly in the dry season. Thus, those sites do not seem financially viable.

In this regard, these potential sites seem unattractive for development of hydropower projects.
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Figure 1-40 Location Map of Potential Sites for Ordinary and Small Scale Hydropower

(2) Targets to Achieve

Targets to be achieved for realization of hydropower developmeheighittagong hilly areare as
follows:

, Topographic maps are required for the initial survey and planning for the development of
infrastructure including hydropoweegeration facilities. However, the topographic maps of the
Chittagong Hill Tracts that can be used in such a survey and planning are not available.

The government should develop and arramgee detailed1/25,000 scalemapsrequiredfor
further planningand conceptual design.

. Theimplementing agency needs to find a solution to ease the sentiments of local people and to
gain understanding as to the necessitiyyafropower plants

. The government should reduce consarver securityin the area

(3) Roadnap

The road map for development of a PSPP by 2030 is as follows:
. Preparation of maps by 2018.

The topographic maps of the Chittagong Hill Tracts shall have to be made available by 2018.

. Completion of FS and establishment and capacity building of orgamsgatingaged in the
pumpedstorage power generation (PSPG).by 2020.
It is necessary to conduct a gf8 or FS for the construction of a pumgsdrage power plant
(PSPP) at the candidate sites identified in this survey when the topographic maps of the areas
concerned have been created and the residents in the areas have given consent to the
construction.
Human resource development will also be required for the development of PSPG. An
organization engaged in PSPG shall have to acquire the basic knowledgefnctions, roles
and economic characteristics of a PSPP. Persons who are to make decision on the feasibility of a
project for the construction of a PSPP, in particular, must have sufficient knowledge of PSPG.
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Therefore, training on PSPG shall have tgpbavided to not only the staff of an implementing
organization responsible for PSPG but also the decision makers while thenadavened

pre-FS or FS is being conducted.

Completion of Detailed Design by 2023.

The training of the power system operatdralkalso have to be conducted. Stabilization of the
power system is a significant function of PSPPs. Therefore, the training of the system operators
will be required for the effective use of PSPPs.

It is also necessary to establish ancillary serviceshén dlectric power market. When the
proportions of coal and renewable energy as the sources of power generation in the power
system in Bangladesh increase, the necessity for not only the powdeveldg but also
ancillary services will increase and thignificance of PSPG will increase. The improvement of

the power market including ancillary services will be required for the realization of the optimum
power source balance with proper evaluation of PSPG.

Commencement of Construction of a PSPP by 2024.

A PSPP is a facility contributing to the stabilization of a power system. However, it is not easy
to evaluate its value accurately. It is difficult for a private company to construct a PSPP because
the profitability of operating such a plant is low unlessr¢hexists a special market such as an
ancillary service market or a special rate system for PSPG. As the PSPP concerned is the first
PSPP to be constructed in Bangladesh, it is expected to be constructed by a parastatal company.
Therefore, it is recommeled that the PSPP be constructed in accordance with the conclusion of
a F/S in an ODA project.

Commissioningf the first unit of a PSPP by 2030.

5
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1.6.10 Renewable Energy
(1) Current Status and Issues

Regardless of the economic statdeyelopingor developed, it is thanternational trend to promote
renewable energy, as part of energy security as well as greenhouse gas emission reduction. Many
countries have adopted renewable energy promotion policies, such @s-feefls (FIT) and various
incentives. Indidn particularhas anaggressiveplan, where renewable energy shanal of the new
generation capacity to be built by 2040 (while India will also increaseficedlpower plants).

Bangladesh is not amxception tothis trend. Its Vision@21 and CORNDC promise that
Bangladesfs renewable generation capacity shai# become 5% by 2015 and 10% by 2021.
Bangladesh is currently preparing the competitive bidding bg, I&fafting FIT and providing other
incentives (mainly financial ones)rfoenewable energy businesses. However, Bangladesh has major
constraints for renewable energy expansioramely land availability and meteorological conditidons

and the maximum renewable energy (power generation) potential is up to 3,700MW (see the below
Table). Even if the Variable Renewable Energy (VRE), such as solar PV or wind pptsntial
developed to the maximupotentialand connected to the grid, Bangladesh will gain about 4,200GWh
per year. This amount is quite limited in comparison with tha tpid generation energy (estimatsd
82,000GWh in 2020, 307,000GWh in 2040), dhd IEA points out that the-80% of VRE in the
network does not require a major transformation of network development or operation, as such output
variation canoccur as aresult of load change arnplannedpower plant outagé.Still, as far as
Bangladesh increases the gciohnected renewable generation capacity, network and operation
capacity needs to be improved. In addition, Bangladesh needs to develop technicalndules a
regulations for grieconnected renewable energy generatiothe donot exist at this moment.

Table 1-10 Renewable Energy Potential in Bangladesh

Technology Resource Capacity Annual Generation
(MW) (GWh)

Solar Park Solar 1400* 2,000
Solar Rooftop Solar 635 860
SolarHomeSystems(SHS Solar 100 115
Solar Irrigation Solar 545 735
Wind Park Wind 637** 1250
Biomass Generation Rice husk 275 1800
Biogas Generation Animal waste 10 40
Waste tcEnergy Municipal waste 1 6
Small hydro power plants Hydropower 60 200
Mini-grid, Micro-grid Hybrid JFr* 4

Total 3,666 7,010

* Case 1 (agricultural land excluded) estimate

** Case 1 (floodprone land excluded) estimate
*** Based on planned projects only, not a theoretical maximum potential, because there is potential

overlap with offgrid solar systems. Either could be used to servgraffdemand.
Source: SREDANorld BankScaling Up Renewable Energy in Low Income Ciies (SREP)
Investment Plan for Bangladesbctober 2015

Biogas in Bangladesh, whilehaslimited potential ag power generation source far meeting major
gas demand, has great potential as home cooking fuel. Considerirty elgéensive price, bioga

1 According tothe IEA, these variable renewable eriesgwould notcreate amajor technical problem if the share of the
generated renewable energy (GWh) is 5~10% of the total grid generated energy.
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could play an important role especially in rural alieasrderto realize SDG & fiaffordable and clean
energy goal. However, some lead time is required for substantiabulbf a new type (glass fiber)
of biogas digester by removing ¢eg and deviping domestic manufactuie and addressinthpe
biogas issue is a mitrm target.

In additionto thefiwithin-theb o u n drenewalile energy potential, Banglades a good position

to exploittheample regional hydropower potential and importibtigh the crosborder transmission
network.Another JICA Survey shows the crdssrder hydropower potential available to Bangladesh
is 3,5008,500MWin 203Q mainly from Nepal and norttvest India. Details of the cross border status,
issues and counternmaes are discussedir6.11.

(2) Targets to Achieve

1) Domestic renewable energy power generatemglativg: 2,470MW (by 2021), and 3,864MW
(by 2041)

2) Domestic biogas production: 790,000m3/day (including additi®é00,000m3/day by 2031, 3
million m3/day by 2041

3) Crossborder Energy Impost 3,500~8,50MW (by 2031),9,000MW (by 2041)

4) Crossborderenergyimport rules and regulatiofsetup, associated with capacity building in this
area (mid to long term)

(3) Roadmap

1) Domestic renewable energy power generatemglativg: 2,470MW (by 2021), and 3,864MW
(by 2041)

One project utilityscale solar park IPP project on competitive bidding basis, contracted and
operation start (short term)

Wind Resourcéssessment completion (short term)

Grid connection technical rules and regulations for renewable energy generation (short term)
Grid connection approval process for utiitgale renewable energy generation (short term)
Grid enhancemerplanningand implenentation for utilityscale renewable energy generation
(short term)

FIT and reverse auction setup (short term)

Network operation to manage renewable en@rggriable output (short term)

FIT revison and application to new projects (mid term)

Utility -scalesolar project roll out (short to mid term)

2) Domestic biogas production: 790,000m3/day (including additional 600,000m3/day by 2031, 3
million m3/day by 2041

Import duty/levy on glasfiber biogas digester/material removal (short term)
Glassfiber biogas digester domestic manufactulevelopment (mid term)
Glassfiber biogas digester rethut through IDCOL loan scheme (mid to long term)

5

5

3) Crossborder Energy Impost 3,500~8,50MW (by 2031),9,000MW (by 2041)
Seel.6.11

4) Crossborderenergyimport rules and regulatiofsetup, associated with capacity building in this
area (mid to long term)
Seel.6.11.
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1.6.11 Power Imports

(1) Current Status and Issues

Industrial diversification and advancement are essential in order to achieve further economic
development in Bangladesh. Tois end, improvement of the quality of the power supply, such as
stabilization of network voltage and frequency, is a prerequisite. In addition, in anticipation of the
growing share of codired thermal power generation in the medium and long termexplitation of
renewable energy resources with low environmental burden under the climate change perspective is
envisaged.

On-grid largescale hydropower development seems to be an effective measure to overcome the
aforementioned issues. However, duetsoflat geographical features, Bangladesh lacks prospective
hydropower potential over 1 MW apart from the existing Kaptai hydro power plant (230MW). In
contrast, there is abundant water power resource potential in the countries surrounding Bangladesh,
namdy Bhutan, Nepal, Myanmar, and the Indian States of the North East and West Bengal
(collectively fAneighboring countrieso). Thus, it
such hydropower generation via power interconnections with suchbeigh countries for stable

base load supply, energy fuel diversification, and climate change mitigation.

The challenges arising from importing power and their countermeasures are as follows.
(i) Energy Security

In the case of importing power from otra@runtries, the risk of supply interruption caused by adverse
relationships between the two countries needs to be considered. Electric power, which is different from
other types of supply, is technically easy to shut down even in minutes. So it is netessasid
excessive reliance on other countries in order not to place oneself in a serious situation. Specifically,
the capacity of imported power from one country should be within the limit of generating reserve
margin and also 10% of all supply capadityorder to continue the supply in the event of supply
interruption. In the case of Bangladesh, imported power from Bhutan and Nepal has to be transmitted
through India. Therefore, imported power from Bhutan and Nepal should be within 10% of all supply
cgoacity.

(i) Compliance with Commissioning Timing of the Transmission Lines in India

The power import plan through India hinges on commercial operation of the Case 2 HVDC (x800kV)
interconnection line or the Case 3 HVAC (765kV) interconnection line. €T hisrconnection lines

shall be constructed in close cooperation with
needs.

When hydropower capacity exceeds 3,000MW in Arunachal Pradesh, the *800k\staiger
transmission line currently underrruction reaches its full transmission capacity, giving rise to a

need for the construction of the Case 2 interconnection line. On the other hand, there seems to be no
reason for India to realize the need for the Case 3 line for the time being. Havemdkfor the Case 3

l ineds construction wil!/| arise if construction
power development in Arunachal state, or high construction costs etc.

(iii) Massive blackout due to large scale power loss oflgupp

It is desirable to import as much power as possible through one connecting point from the viewpoint
of economic efficiency. However, if a huge amount of power is transmitted through one connecting
point, it can lead to the risk of massive blackouthsas blackout across the entire country during the
shutdown of the connecting line. Massive blackout occurred on 1st November 2014, triggered by
500MW power loss of the BTB break down on the hu@nnection line from India. In order to avoid
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this risk, the limit of the power loss level needs to be worked out, by checking sufficiently continuous
power generatorso6 operation during frequency dr
power supply loss. Based on this result, the maximum level ofrtroppacity in one inteconnection

point has to be decided. In concrete terms, it is preferable that the amount of imported power through

one connecting point is within 10% of the demand.

(iv) Mutual Interference due to Grid Accidents

Conducting powetrading means transmission lines are connected between two neighboring countries,
which will lead to the threat of mutual interference due to grid accidents. But it is possible to minimize
the influence by connecting DC lines. Current ifgennection line between India and Bangladesh
apply DC lines or noitonnected lines by switching the load. There will be a few mutual interferences
due to grid accidents in these two cases.

(2) Targets to Achieve

(i) High Case Scenario

The High Case Scenario, in whiofore electric power can be expected due to operation of the Case 2
line and Case 3 line starting on schedule, is shown below.

(MW)
% of Power Import to Supply
12,000 r 30%
10,000 A L 25%
8,000 o ™~ b 20%
S ‘ excluding PSPP
6,000 4 F 15%
4,000 o E 10%
y, Import Capacity (MW)

2,000 |+ F 5%

0 0%

2015 2020 2025 2030 2035 2040

Souce:JICA Survey Team
Figure 1-41 Future Power Import Volume and its Share (High Case Scenatrio)

The share of power imports against the total supply capacity will be between 20% and 25% within the
permissible range, albeit a little bit large.
(i) Low Case Scenario

The Low Case Scenario, in which excessive impbelectric power from neighboring countries is not
expected, is shown below.
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Souce:JICA Survey Team
Figure 1-42 Future Power Import Volume and its Share (Low Case Scenario)

The share of power imports against the total supply capacity will be approximately 15% within the
appropriate range after 2025.

(3) Road Map

Agreement acquisition with India is indispensable in order to achieve the plan for power imports from
the neighboringcountries that are mentioned above. In particular, it is important to negotiate
tenaciously on the following items.

A

>

>

Advanced development of the Case 3 line

The Case 3 line is more flexible than the Case 2 line, and more effective for Bangladesh.
BecauseBangladesh can import electric power from various regions by using the Case 3 line
it is important that it aims to advance development of this line.

Securing power transmission capacity in India

Bhutan and Nepal angositively in favor of electric powerxgortsto Bangladesh. However,
when Bangladesh imports electric power from the two countries, it must pass through the
Indian system. It is especially important to match the system development plan in India and to
advance the plan if necessary in ordesdgoure the power transmission capacity in India.

Direct connection of PSPP in Meghalaya state to Bangladesh system

The PSPP is a very effective tool for stabilizing the system and improving the power quality. It
is necessary to connect the generator diréctthe Bangladesh system to enjoy such an effect.
As for the PSPP in Meghalaya state, lasgale development of 1,000MW or more is possible

at each site. Therefore, it is possible to secure economy even if the system is divided into two
parts at the pmer plant and half of the generators connect with the Bangladesh system
directly.

The existing communication channel suffices for discussions over bilateral power trades between
Bangladesh and India. However, if power trades with Bhutan and Nepal ahesthvie use of the
Indian network is inevitable. Bilateral discussions between a seller (Bhutan or Nepal) and a buyer
(Bangladesh) are not enough to facilitate such power trades. A multilateral framework that includes
India is a prerequisite.

To providea discussions platform of this kind, a group of countries comprising Bangladesh, Bhutan,
India and Nepal (BBIN) has been formulated. BBIN holds Joint Working Groups (JWGS) twice a year.
Therefore, it seems to be most effective to discuss regional paslestand interconnection in JWGs
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for the implementation of specific projects.
1.6.12 Nuclear Power
(1) Current Status and Issues

PSMP2016 aimgto create a welbalanced power generation environment that maximizes the
respective advantages of different types of power generation methods, including nuclear power,
thermal power, hydropower generation, and power imports from neighboring countriesthio
comprehensive perspective of stable supply, or energy security, environmental performance, and
economic efficiency.

Daily power demand, or load curve varies according to season, temperature, and time of day. Since
electricity cannot be stored, amaust be used as it is produced. Gas and oil based thermal power
generation, by virtue of its ability to respond quick flexibly to estgginging power demand, supplies
middle and peak load. Nuclear power, power import, hydropower, anebasadl thermal posv
generations are considered as a base load efigigycombination of different types of power sources

is commonly referred to as the best mix of power sourtteghis PSMP2016nuclear power
generation plays an important role in providing a stable lmssl.

The following figure shows the PSMP2016 scenanio nuclear power generatioriollowing
discussions with the relevant institutiofftsis assumedhe first unitl200MWis to start operations by

2024 and the secori?O0MW by 2025 on PSMP201@hes figures are preconditioned in the power
development planning without alternative cases, which means nuclear power is assumed as one of the
Fixed Factors in terms of generation capacity in the simulation, considering the govémmel#tar

power project planning.

Nuclear Power (MW)

10,000

South West Nuc 6th Unit

W South West Nuc 5th Unit

8,000
Roopoor 4th Unit

B Roopoor 3rd Unit

Roopoor 2nd Unit I I
W Roopoor 1st Unit

2,000 = B B OB BN OB

. . EARRRRNNNRRRNNNENR

2015 2020 2025 2030 2035 2040

6,000

4,000

Source: JICA Survey Team
Figure 1-43 Nuclear Power Developmethon PSMP2016

(2) Targets to Achieve
Realization ofdevelopment of nuclear generation facilitis®nychallengeshall be solved

(i) Meeting IAEA safety standards
Nuclear safety remains the highest priority for the nuclear sector. Regulators have a major role to play

2 |AEA Safety Standardsomepage
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to ensure that all operations are carried out with the highest levels of safety. Safety culture must be
promotedat all levels in the nuclear sector (operators and industry, including the supply chain, and
regulators) and especially in newcomer count(dsclear energy roadmap actions and milestones
IEA, 2015) like Bangladesh. Followings are major frameworks tousedhe nuclear safety to be
followed and utilize for Bangladsh.

Nuclear safety is a global issue. There are many instruments for achieving high level of nuclear safety
on a global basis, such as IAEA safety standards, safety review services provitedAgA. The

IAEA safety standards provide a system of safety fundamentals, Safety Requirements and Safety
Guides for ensuring safety. They reflect an international consensus on what constitutes a high level of
safety for protecting people and the envireminfrom harmful effects of ionizing radiation. The IAEA
safety standards are applicable throughout the entire lifetime of facilities and activities existing and
new utilized for peaceful purposes, and to protective actions to reduce existing radisoRais
proceedhuclear power project, all shall follow the IAEA safety standards.

Safety Fundamentals
Fundamental Safety Principles

General Safety Requirements Specific Safety Requirements

Part 1. Governmental, Lagal and 1. Site Evaluation for
Regulatory Framework for Safety Muc|sar |nstal |ations
Part2, Laadagrhg)u;r:: el lian 2. Safety of Nuclear Power Plants

21 Design
Part 3, Radiation Protection and 2/2 Commissioning and Operation
Safety of Radiation Sources

Part 4, Safety Assessment for
Facilities and Activities 3, Safety of Research Reactors

Part 5. Predisposal Management 4. Safety of Muclear Fuel
of Radioactive Waste Cycle Facilities

Part 6. Decommissioning and 5, Safety of Radioactive Waste
Termination of Activities Disposal Facilities
Part 7. Emergency Preparedness 6. Safe Transport of
and Response Radioactive Material
Collection of Safety Guides

Source: IAEA Safety Standards homepage
Figure 1-44 Structure of IAEA Safety Standards

IAEA recommend some critical issuéor strengthen nuclear safety

A The regulatory body should be strengthened. The draft Bangladesh Atomic Energy Regulations
Act of 2011 should be promulgated as soon as possible to establish an independent regulatory
body.

A Management of the nuclear infrastture development should be strengthened. Bangladesh
should commit to ensure appointment of leaders (especially in future owner and regulatory body)
with appropriate training and experience for leadership and management of safety. Integrated
managementystems (including quality management) should be planned and implemented in
both BAEC and the regulatory body that define the organizational goals and key processes in
sufficient detail.

(i) Establishment of fuel cycimanagemenit
Based upon the existingature of the nuclear business worldwide, Bangladesh is considering a
longterm contract and transparent suppliers' arrangements with supplier(s) through backing of the

3 |AEA Country Nuclear Power Profiles, 2016 update
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respective government in order to ensure availability of fuel for the nuclear poastorref the

country. Examples would be fuel leasing and fuel 4a&ek offers, commercial offers to store and
dispose of spent fuel, as well as commercial fuel banks. On the other hand, at present there is no
international market for spent fuel disposaiscesexcept for the readiness of the Russian Federation

to receive Russian supplied fuel. Storage facilities for spent fuel are in operation and are being built in
several countries.

Bangladesh is considering accessing detailed technical descripfiaghs nuclear fuel assemblies
offered from the supplier side, including physical, thetmgdraulic, thermodynamic and mechanical

data as well as calculations for batch planning (short term and long term). The supplier shall provide
the QA programme, Haridlg and inspection methods for new and spent fuel and Tools for fuel and
control rod manipulation and the scope of supply and services. The first core as well as the first reload
should be included in the scope of supply for the plant. The bidders sinclide the supply of
further reloads as an option.

IEAE points out that the general concerns of Bangladesh about the nuclear fuel cycle are as follows.

A The owner/operator of the nuclear plant in Bangladesh needs to ensure availability of fuel for the
NPPfrom supplier(s) covering its entire life cycle.

A The above life cycle supply assurance shall include all services related to the front end of the fuel
cycle. nfueleakebbhe di mgdel (full or partial) is <c¢

A Alternate sotces of services and supply of the front end of fuel cycle should be identified to
accommodate any unforeseen circumstances.

A Depending on the size of the nuclear power programme, efforts will be made to acquire the
technology of fabrication of fuel elemanbased on imported raw materials and enrichment
services in order to ensure security of fuel supply.

A Pending a final decision on the bagkd of the fuel cycle, the NPPs will have provision for on/
off -site spent fuel storage, the size of which shalsiifficient to store the spent fuel generated
over their respective life cycles.

A Sufficient security and physical protection and safety of the fuel storagiteowill be provided

in accordance with the relevant provisions of the-piwiiferation regimeas well as national law
and regulations on nuclear safety and radiation control.

Bangladesh will consider any suitable model of nuclear fuel cycle under the responsibility of the IAEA

as the guarantor of service and supplies, e.g. as administratarabfoamk.

Bangladesh opines that as far as assurances of supply are concerned, the proposed multilateral
approaches to nuclear fuel cycle could provide the benefits ofeffestiveness for developing

countries with limited resources. Bangladesh is stronpg supporting the Agenc
developing and implementing international supply guarantees with IAEA participation.

(iii) Proper knowledge about nuclear safety Boblic Acceptance

Many kinds of programmes, such as meetings and seminaars withljsts, local people, have been
arranged till now, and Bangladeslas established Nuclear Industnformation Centerin 2013.*

These kind of activities should be continued and enhanced for the public knowledge which will be the
basis for public acceptae.

However, BAEC has conducted survey in 2015 on public acceptance / awareness for nuclear power
project and it is found that still concrete public opinion for nuclear power generation has not yet
formed in Bangladesh since accurate information of nuaeaeration technology has not became
widely and correctly known.

Therefore, the government hasdo more supporting enlightenment activities &mhanceaccurate
techrical knowledge omuclear generation with good point and bad pagtvell as safetissue.

‘“Presentati NATIONAL NVGLEAR,POWER PROGRAMME OF BANGLADESH ,
https://www.iaea.org/NuclearPower/Downloadable/Meetings/2014/2@483-02-06/D1_S2_Bangladesh_Akbar.pdf
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It is also recommended to reviewher countrie@ e x p eof interattivee communication with

public (citizen society) on nucletgchnology and itsafety and ask for necessary cooperations

As for emergency preparedneseveral committees haween formed involving relevant stakeholders

to formulate the emergency management system during the operation of Nuclear Power Plant in the
territory of Bangladesh. These committees have already held several meeting with national and
international expertsThe Government is also very much eager to develop a standard emergency
preparedness system for the densely populated country.

i

Source: Ministry of Science and Technology, 2015
Figure 1-45Nuclear Industry Information Center

In addition, the government is preparing the Multi purpose information center around Rooppur NPP
site to strengthen public communication strategy with public and media. ExpecigadtBm is as
follows;

Scientific workshops & round ldes, discussion clubs

Information center

Social networks/ Social activities

Expert opinions

Televisions (talks shows, documentaries)

Book A100060 Facts bout Nuclear Energy
Communication of press releases & organization of interviews

Interaction with neighboi ng countri eséetc

3> I > I>» I>» I>» I >

(iv) Participating international framewak

The Asian Nuclear Safety Network (ANSN) was launched in 2002 to pool, analyze and share nuclear
safety information, existing and new knowledge and practical experience among the countries.
Moreover, the ANSN is expected to be a platform for facilitating sustainable regional cooperation and
for creating human networks and cyber communities among the specialists of those countries.
Development of a regional capacity building system composed @il&dge network, regional
cooperation and human networks will serve for enhancement of nuclear safety infrastructures in the
participating countries, and will serve eventually for ensuring and raising the safety levels of nuclear
installations in the regim The ANSN has recently expanded to become a forum for broader safety
strategy among countries in the region.

The current participating countries @angladesh China, Indonesia, Japan, Kazakhstan, Republic of
Korea, Malaysia, the Philippines, Singapof@ailand and Vietnam. Australia, France, Germany and
the USA are ANSN supporting countries. Pakistan is an associate country in activities related to the

5 Asian Nuclear Safety Network homegage
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safety of nuclear power plants and/or strengthening their regulatory frameworks.
For proceedhuclearpower project, all shall work with international framework.

Flenary Meeting Japan

Indonesia China
Steering
Committee (SC) Khazakhstan Parﬁcipat]ng Countries Bangladesh
o b i N,
IT Support Australia
Korea Group
3 e WWW.ansn.org France
Capacity Building Germary
Management Malaysia uUsa
Group(CBMG) i
Information Exchange and (Zounmes
: Philippines Continuous Enhancement for -
Topical Group PE Nuclear Safety Capacity Building £/ Pakistan
(TG) Associate
Ccuntly_J

1 singapore e
{ EC }
Thailand Vielnam | ="

Source: Japan Nuclear Energy Safety Organization
Figure 1-46 Asian Nuclear Safety Network (ANSN)

(v) Ratification to the international laveshd standards

Bangladesh has not ratified the following critical international laws:

A Vienna Convention on Civil Liability for Nuclear Damage

Protocol to Amend the Vienna Convention on Civil Liability for Nuclear Damage

Joint Protocol Relating to the Appéition of the Vienna Convention and the Paris Convention

A Joint Convention on the Safety of Spent Fuel Management and on the Safety of Radioactive Waste
Management, ett.

For the implementation of RNPP, these international laws and starstharald befollowerd.

A
A

(vi) Other issues

There are many issues such as;

A Nuclear power planning integrated into the part of power & energy planning, such as alternative
generation capacity in case of outage of nuclear power plant, reliability of the power supply

sysem

Development of science technology experience within the country

Emergency planning

Protection of the power plant from natural disaster (e.g. cyclone, flood, earthquake, etc) or outside
human disaster (e.g. terrorist activities, etc)

> > >

(3) Road Map

(i) Construction

Consideration of the domestic legal and regulatory conditions to obtain;

A required licenses for building NPP,

industrial base to support NPP construction,

availability and competence of human resources for managing the NPP construction project,
national resources as well as its social, economic and environmental condition to support NPP
build.

> > > >

6 |AEA factsheethttps://ola.iaea.org/ola/FactSheets/CountryDetails.asp?country=BD
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Preparatory Stage of
Construction
U FE Evaluation, EIA and Site
Engineering Survey and

Reports on FE, EIA and Site confirmation Environmental studies

for Rooppur NPP

| Site License I ﬂ Develcrnl;:ment of NPP Tech. &
Working Docs PSAR, QA

Tech. Docs., Design and working Docs
for Rooppur NPP

Design Approval {J’ Performance of First Priority
Construction, erection works

Construction and erection works of
preparatory stage

General Contract for

Construction License
Construction of NPP

Rooppur NPP Main Stage of

Construction

|

Construction and Commissioning

Operational License | 1

Rooppur NPP Acceptance

Source: Ministry of Science and Technology, 2015
Figure 1-47 Roadmap for nuclear power development

(ii) Legal and implementation framework

All legal and implementation framework shall be established, and even be in an active before a
commissioning of the first nucleapewer generation as follows;

A Meeting IAEA safety standards

Establishment of fuel cycle management

Propoer knowledge about nuclear safety and public acceptance

Participating international framework

Ratification of the international law and standards

> > > > >

i) Comissioning of generation
2024/25: Tand 2% units
2030/31 ¥ and 4" units
2040/41 % and 6" units

—

> > >
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1.6.13 Power System Plan
(1) Current Situation and Issues
1) Transmission Plan

The operating voltages of the Bangladesh power network systepelave 230kV and 132kV, except

for the 500MW HVDC link to India that began to be operated in 2014 at Bheramara. The 400kV
transmission lines and substations have just recently started to be constructed. Many existing power
stations have only a capacity oélow 100MW, using domestic gas. They are currently distributed
across the whole of the nation. The following figure shows the current national power network system
of Bangladesh, which consists of 230kV and 132kV, without 400kV, and-sow# power stains
connected to substations distributed across the whole of the nation.

EXISTING 230kV AND 132kV GRID RETWORK OF BANGLADESH oy

ob ] -
v; nooe

=

| E o -~
i1 L) N"" |
- —— -3
- - | razes ]
|omm
B ey ol | S
LT 3
06 6 S $

Figure 1-48 The Existing Bulk Power Network System of Bangladesh (2014)

An efficient power network systenmcluding 765kV and 400kV transmission lines, needs to be

studied in consideration with the plan for large scale power stations, the high density of power demand

in and around Dhaka and Chittagong and mhle char e
shown below.

The rapidly deteriorating and inefficiertnall-scale power stations with capacity below around
100MW will be phased out in sequence.

Thefuture thermal power units will mainly use imported fuel such as coal or LNG. Because the
locatiors where suitable seaports can be constructed to receive large scale ships for imported fuel
are limited to south Chittagong and Khulna (Pyra and Patuakhali), the large scale power stations
with a capacity of several thousand MW will be unevenly distributé¢dose areas.

A nuclear power station withtatal capacity of 4,800MW is planned foo&opur.

In the case of power transmission from hydropower stations located in Bhutan or Nepal through
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India, HVDC interconnections with a capacity of around B0000MW will be required in the

north western part of Bangladesh.

The power demand density in Dhaka and Chittagong will increase further due to their rapid
growth ratios.

Althoughit is required to transmit power of several thousand MW from Chittagong to Dihaka,
number of circuits in the transmission lines is restricted on the route through Comilla because the
width of the country is narrow and the population density is large in the Comilla region.

The construction of transmission lines crossing betweenaedstvest in Bangladesh will incur

much cost because Bangladesh has two large rivers, named Jamuna and Padma, flowing in the
center of the country, with widths of at least around 4.5km to 6km.

2) Rural Electrification

While the government has establisiedE | ect r i ci t y’, irfite Yisioa Stateinenh there2id 2 1

no single internationalkgstablished definition for electricity access.

As of December 2015, the Power Division recognizes the electrification rate of Bangladesh as 77%. In
governmentpolig st atements such as the 7th Five Year Pl

Table 1-11 Electrification Rate Calculation Details by Power Division

BPDB REB DPDC DESCO WZPDCL SHS
No. of Domestic (Residential) 2721208 12,223,002 610336 641,078 728453 4000000
customer
Family member parameter 5.5 6.5 45 45 5.5 4.0
No. of le with electrici
o o PO W EECHEL | 14966629 79449519 4096512 2838901 4006492 16000000
Total No of population with 121,408,045
electricity access
Total population of Bangladesh 157.8 milion
Access to Electricity 7%

Source: Power Cell, Power Division

The Electrification rate adopted by BPDB is the ratio of number of access and the whole population.
Access to Electricity is calculated by the below equation.

] . - *l + *2
Accessio Electricity (% ) _ Numberof Electrified Custome? 7_ Numberof SHS 4
Total Population

Source: BPDB System Planning Divigsio

*1 It assumes that the number of people per grid connection (per household) is 7.
Household: Husband, wife, children x 2, father, mother + 1. There are big customers
such as hospitals, so 1 is added.

*2 It assumes that the number of people pegdft connection (renewable) is £2014) or
5 (2013). This is based on the assumption that a household using SHS has fewer family
members than a grdonnected household.

This BPDB definition indicates that the electrification rate improvement has two pathgs orgrid
connection, the other is efrid connection (e.g. SHS).

"Inthe?Fi ve Year Plan adopted in Dec elechigtycovarage B be increasedto®6 get b
percenwwi t h uninterrupted supply to industrieso.
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The following figure shows the Access to Electricity provided by BPDB. According to this figure,
60% of the population was electrified by grid connection; 8% was electrified by St#Hation. In
total, 68% of Bangladesh was electrified in 2014.

80%

70%

60% g
0 0,
% s
50% 204 3%
0%
0% 0% 0%
40% 0
0%
, 0%
30%0% 0% 60%

55%
s 4% 9% O :

Electifiedrate (%)

0 44%
20% a0 . 38% 42% 43%
30% g

10%

0%
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Electlified Rate by On-Grid m Electlified Rate by Off-Grid

Source: JICA Survey Team, based on the data provided by BPDB
Figure 1-49 Development of Access to Electricity (BPDBlefinition)

The below Figure shows the BREBOs grid extension
trend in the past up to 2015. The solid black line shows the actual implementation, and the red solid
line indicates the sum of the individual gagtension projects (as of February 2016).

It should be noted that BREB made a great improvement in grid extension implementation between
2014 and 2015, when it substantially increased the grid extension speed compared with the past
(between 2003 and 2013 he dotted blue line (Projection 1 in the Figure) means that if BREB keeps
the implementation speed as fast as that between 2014 and 2015, it will in theory reach-§0id% on
extension (in other words, 440,000km distribution line development) by &a2fb(ld also be noted,
however, that there is a technical issue witlgdd extension, as described later). On the other hand,

if BREB lowers its grid extension implementation speed to as slow as that between 2003 and 2013, it
would end up far below itarget (green dotted line, projection 2 in the Figure).
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Figure 1-50 BREB On-grid Extension Plan Comparison

The SHS installment has been implemented by ID@@d. the progress is at a worlthowned pace

(as seen in the below figure).

7,000,000
&, 000,000
5,000,000
4,000,000

3,000,000

Mumber of SHS

2,000,000

1,000,000

0

2001
2002
2003

2006

2

Mumber of SHS

250,000
200,000
=
—
~ W
150,000 I
A
S
100,000 E__
=
o
=
50,000 Y
0
GO e T W WD M 0
Essdgss8s88¢E
R S O S S
- o wm Sunply from SHS (KW)

Source: JICA Survey Team

Figure 1-51 Number of SHS under IDCOL Program
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(2) Target of the study
1) Transmission Plan

The power network system is examined by categorizing the study phase iaterrmi(2025) and
longterm (2035) through reviews of PSMP2010 in consideration of the application of 400kV and
765kV. The transmission lines and substationgplaened in order to fulfill the criteria that are set as
the rules for power network system planning and analysis.

An efficient bulk power transmission network is planned reflecting the results of the power demand
forecast and power generation plan iisthlP by recognizing the abovementioned current situation
and issues.

Barapukuria Jmrpurinterconnection
3.5GW

1GW
India PSPP

OtRer Gas (distributed) 6.0 GW
Bheramara Interconnggn

1GW \

Comilla North Irterconnection

Nuclear
5GW
6 GW
Khulna Matabari,
|mport Mohesikali
fuel Import fuel
8GW

Source: JICA Survey Team
Figure 1-52 Conceptual Map of Locations of Large Scale Power StatiorRBlanned Up to 2035

2) Rural Electrification

Only one definition of electrification rate should be selected. Also, the national census states that
the average family member size is 4.6, while 7 is adopted by BPDB.

Grid extension in the next 5 years ragsithe same implementation speed as that seen between
2014 and 2015, or twice as fast as the historical pace (average between 2003 and 2015).

BREB and IDCOL coordination and communication should be improved for efficient planning and
implementation. BPDBs current role as ficoordinatoro coul
SHS waste recycling needs will drastically increase after the early 2020s. It should be confirmed
whether the current scheme has proven effective and scalable.
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1.6.14 Improvement of Power Quality

(1) Current Situation and Issues

1) Necessity of Power Frequency Quality Improvement

In general, the following objectives to improve frequency quality can be mentioned:

To improve the quality of industrial products.

To increase the allowable capacity of B wind power sources.

To secure the stable operation of large capacity generation plants (especially, nuclear power
plants).

All of the objectives may have high potential needs, but the methodology for determining the target
value for improvement has nbeen established yet. And it becomes more difficult than before to
determine the target value because the number of inverter circuits, which are inserted between the
power grid and consumer 0s faciliti esngothougldi stri b
gualitatively, it can be determined depimpon the tradeoff relationship between cost and benefit for
consumers.

On the other hand, for stable operation of synchronous machines, such as large capacity generating
units, there is a quantitative requirement that the frequency quality shall be raised totwitlii#o of

the standard value (£00.5Hz).

In particular, the egjvalent frequency quality is required in order to connect and operate stably the
nuclear power plant planned to be commissioned in 2024. Therefotd)% can be set as a
shortterm target value.

weOsédHz by BBReaShadpwphadgHzby val ue,

BN

Consequentl vy,
2041 at | atesto as a tentative value.

2) Current Situation

(a) Current conditions of generating facilities and significant deficiency of power sources

As seen in the results of the survey about the situation of sdpptand balance on days of maximum
peak demand from 2013 to 2015, the load shedding operation is frequently performed, even though the
installed capacity rate has been adequately securedratthan 130% every year.

The major factors involved in this situation are as follows:

The available capacity is chronically insufficient due to decreases in the output and thermal
efficiency and failures of power generators mainly due to the in®idfi@eriodic maintenance,
which results in a decrease of around 30% of installed capacity.

Normally, full authority for preparing, approving and implementing the sugeigand balance

plan should be given to NLDC in order to carry out the balancing operptoperly. However,
NLDC has no authority to coordinate the generating plans prepared by BPDB and other
generation companies.

(b) The actual conditions of power frequency control
At present, adjustment of the output of generators is instructed by pbolimee instructions from

SCADA are not issued). System frequency deviation from 50 Hz often exceeds +1.0 Hz even in the
normal operating condition (Grid Code stipulates that the system frequency shall be controlled within
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50Hz+1.0Hz under normal conditis.)
The major factors contributing to this situation are as follows:

There is almost no remaining power which can be offered for frequency control due to a
significant deficiency in power sources. That is, all generators have no other choice except to
keep their outputs at the maximum of available capacity.

Grid Code in Bangladesh seems to have most of the necessary and minimum provisions related to
frequency regulation and authority of NLDC. However, unfortunately, these provisions still seem
to havepoor effectiveness.

There is no compensation system for the opportunity loss of power selling due to the contribution
to frequency control.

There is a strong desire to obtain detailed information about a power system among the
stakeholders, because supghgmand control and frequency regulation should be performed
under fair and transparent circumstances.

3) Issues regarding power quality
(a) Regulatory framework

Requlation by the Electricity Acts

A rough comparative study between the provisions of Ht#tgtrActs in Japan and Bangladesh is
performed.

As shown in the following table, there is only one obligatory provisiohWithout penalty in relation

to stable demand/supply operation and frequency control in Bangladesh, thdiée arefive
provisionswith penaliesin Japan:

Amendment is urgently required regarding several kinds of obligation rules and their penal provisions
in order to enhance effectiveness.

Provisions ‘ -

Article Penalty Article Penalty
Obligation to supply 18 Yes None -
Obligation of endeavor to maintain 26 Yes None

voltage/frequency value
Obligation to prep 29 Yes None

Obligation to prep
Provisionso

Restrictions on Use of Electricity 27 Yes None

19,192 20, 21 Yes 22 None

Regulation by independent regulatory organization

The JICA aurvey team performed a comparative study of provisions between the two Grid Codes
established by the regulatory commission of each country, BERC (Bangladesh) and OCCTO (Japan),

in relation to the work process for supglgmand operation and frequency contrel,saown in the

following table:

From the results of this comparative study, it was found that the necessary minimum provisions for the
supplyd emand contr ol process are appropriately sti
seem to be no provisionsrfsecuring reserves (operating reserves, spinning reserves and so on).
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Provisions Details ‘ -
Supply Plans (Power Plants and Network Development Plan) Yes None
Variety of Forecasting Yes Yes
Demand Forecasting Responsibility of Forecasting Yes Yes
Post Facto Inspection Yes None
Integration for the Draft Plans Yes Yes
Planned outage schedule | Coordination between Users and Finalization of the Plang Yes Yes
Particular Points to note Yes Yes
Preparation of the plan and Monitoring the balance Yes Yes
Operating Reserves Yes None
Demand/Supply Balance Spinning R Y
Schedules pinning Reserves es None
Margin for lowering Yes None
Measures when supply demand balance worsens Yes Yes
Reakltime System Frequency Control Yes Yes
Operation Power Quality Analysis Yes None
Information Publication Yes None

(b) Prospect of frequency quality improvement and challenges in the future

Frequency regulation control is usually realized by a combination of FGMO-@Breznor mode
operation) and LFC (Load frequency control).

In this study, thelICA survey team conducted a trial calculation for future frequency improvement
when the regulatin control is performed by FGMO only, because:

LFC function in SCADA/EMSSs not prepared for use at present.
., LFC cannot follow the sudden change in supgdynand balance caused by the trip of a
generating unit or load shedding.

Power frequency quality iptovement in the M) Case (Normal Conditions)

Unfortunately, there is no globally standardized method to evaluate the frequency improvement.
Therefore, in this study, thHCA aurvey team calclates the available spinning reserves provided by
generatorsrad the necessary amount of reserves to improve the frequency fluctuation per 0.1Hz, under
certain conditions and assumptions. The trend of future frequency quality can be estimated by finding
the balance point of available reserves and necessary res@wdstails, refer to the full final report.

The following graph shows the available spinning reserves and necessary amount of reserves each
year:
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Source: JICA Survey Team
Figure 1-53 Comparison between the Necessary Reserves ahe Available Reserves

Solid line in red + Range in greemwailable spinning reserves
= [Hydro (100%) + Oil (100%) + Gas (100%) + Coal (50%)] newly itstbafter June 2015
x  80% (assumption of planned and unplanned outage rate)
x  3-7% (assumption of the effective range of adjustment by FGMO)

Dashed lines A P=0.263F P (MW/0.1Hz)
K P : Necessary amount of reserves to improve frequency per 0.1Hz
P : Total power demand
(Frequency fluctuation, at present, is assumed t& de5Hz)

The following graph shows the trend of frequency quality improvement from the viewpoint of
fluctuation range. Fluctuation range under normal conditions, at preseat,ts+ 1.5Hz according
to the chart provided by NLDC.
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Figure 1-54 Trend of Power Frequency Quality Improvement

From the results of these analyses, there will be huge potential for appropriate frequency regulation
under normal conditions, if sufficient reserves for FGMO can be prepared in a carefully planned way.

, By 2024, when a Rooppunuclear power generating unit commences to be operated, sufficient
reserves can be prepared so that the frequency fluctuation can be reduced to +0.5Hz or so, if
effectiveness of FGMO is expected to be 5% of total demand (average level)

, By 2041, sufficienteserves can be prepared so that the frequency fluctuation can be improved to
+0.2Hz or lower.

Power frequency quality improvement in thelNCase (Emergency Conditions)

Even when a significant frequency deviation occurs due to a sudden trip ofd@agty generators,
lowering of frequency should be limited to within a certain level and promptly recovered via sufficient
reserves.
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Figure 1-55 Schematic Diagram of the Frequency Deviatioimmediately after the Generation
Trip
Overshoot of frequency immediately after the generation trip can be regulated only by FGMO and the
inherent characteristics of the flywheel effect in load. Therefore, urgent preparati6GKO is
required in Bangladd. The large capacity generator (power source) trip events which should be taken
into consideration in Bangladesh are as follows:

Table 1-12 Supply Trip Amount and Factors Which Should Be Considered in Eaclvear

Year Supply trip amounts Factors
2015~2024 500MW | Single apparatus fault of HYDC 500MW
2024~2041 1180MW | Single unit trip of Rooppur nuclear power plant

Source: JICA Survey Team

The following graph shows t he)usairsgghe stgntardovadue inor f r
TEPCO, when a sudden trip of a Rooppur nuclear power unit (1180MW) occurs under the minimum
demand conditions each year after 2024.
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Source: JICA Survey Team
Figure 1-56 Trend of minimum values of frequency immediately after a sudden trip of a
Rooppur unit
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As shown in the graph above, frequency overshoots below the UFR settings, 48.9Hz, due to the trip of
the Rooppur unit in a low demand sea or time zone, which leads to load shedding until 2028.
However, it should be allowed in order to avoid a cascading outage and blackout.

(2) Targets to Achieve

1) Improvement of Electricity Act and Grid Code Framework

(a) The Electricity Act 1910

Amendment to add provisions for various obligations and penalties for improvement of power quality
is urgently required.

(b) The Grid Code 2012

Grid Code in Bangladesh has necessary provisions to a certain extent, but provisions in relation to
preparatiorof reserves should be enhanced.

2) Improvement of Frequency Quality

Adequate reserves for FGMO should be prepared in a planned way, enough to improve frequency
fluctuation within + 0.5 [Hz] (1/3 of fluctuation at present) as recommended in IAEA guidelimé

the operation of Rooppur nuclear power plants start in 2024 and 2025.

Adequate reserves for load shedding by UFR should be set in order to prevent a blackout as a tentative
measure.

(3) Roadmap

Key issues The goal Action Plan Target Prio
in Shortterm Mediumterm Long-term rity
PSMP2016 (2016~2021) | (2022~2031) | (2032~2041)
Power Improvement of Amendment of Electricity Act [ > H
Frequency | Electricity Act and
Quality Grid Code Amendment of Grid Code |:> H
Framework
(Provisions for Improvement of NLDC Operatiol H
obligation and Procedures :>
penalty
Improvement off FGMO by newly installed units
Frequency Quality | - Planning and Designing > H
- Manufacturing/Conversion [> H
- Testing and simultaneous [> H
commissioning of units
planned from 2015 to 2021
- Promotesystematically | — H
according to the installation
plan after 2022
LFC by newly installed units | | M
Preparation of reserves for lo > M
shedding by UFR 1
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1.6.15 O&M Legal Framework
(1) Current Status and Issues

It has not been possible to suspend the operation of power generation facilities and inspect them regularly
because of the permanent shortage of the power supply in Bangladesh. The legal framework for the
preventive maintenance and O&M of these faciliemsufficient. BPDB is financially unsound because

of the low power purchase price. Because of these reasons, the power generation facilities are not
operating at their design performance level (in terms of power output, thermal efficiency, eteforéhe

the establishment of an integrated system for the stable power supply is required.

The analysis conducted on solving the problems concerning the preventive maintenance and O&M of the
thermal power plants with the development of a system, or thblisement of a legal framework, is
described in this subsection. In addition, the analysis conducted on solving the same problems with
measures to be taken in the plants is described in the next subsection.

<Issues>

1) Necessity of institutionalizatioof periodic inspections

Since periodic inspection is not stipulated by law in Bangladesh, periodic inspections tend to be
postponed due to reasons such as budget shortages or tight electricity demand, thus resulting in
unplanned and undesirable shutdown

2) Necessity of institutionalization of safety audits

Government agencies, as they do not visit power plants to check the inspection situation, do not know
whether the machine conditions allow proper operations or not.

3) Necessity of institutionaliti@n of chief engineer

As the responsibility for technical matters in
function properly in the case of trouble.

4) Necessity of institutionalization of Safety regulations
Basic concept of security faperations in power plant is ndocumented.
5) Necessity of institutionalization of technical standards

National technical standards that would reduce the amount of accidental trouble and disasters are not
regulated.

These five provisions aessential for stable operation in Bangladesh.
(2) Targets to Achieve

Periodic inspections
U Purpose
O To avoid postpormaent ofinspectionsiue tobudget shortagesr tight electricitydemand, etc.
by securingperiodic inspections.

O To prevent serious acciderty conducting periodic inspections.

U Action
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(:D Authorities decide the intervals and inspection items for periodic inspections.
O Generators have to conduct the periodic inspections.

Safety audits

u _ Purpose
O To auditwhethermperiodicinspectiors are implementedroperly or not.
O If there is a defect in the periodic inspection, auditors instruct on its correction.
i Action

O Authorities decide items for safety audits
O Generators undergo periodic safety audits by authorities

., Chief engineer

u _ Purpose
O To clarify theresponsibility for technical matters

O To carry out technical management under the chief engineer

U Action
C:) Authorities order generatots stipulate the responsibility chief engineer
O Generators select chief engineer from among licensed persons

Safety reglations
U Purpose
O To establish selfnanagement system by making safety regulations
O To establish PDCA cycle of operation independently

5

U Action
O Authorities order generators $et upsafety regulations

O Generators follow thesafety regulations

Technicalstandards

U _ Purpose
O To prevent accidestaind disasters caused by technical issues
O To reduce the amount of forced maintenamwoek

U B Action
O Authorities make national technical standards

O Generators follows the national technical standards

(3) Roadmap
The suggsted O&M legal items mentioned above can be divided into tiategoriesaas mentioned

below, and thesmeasureare recommended twe takerstep by step.

. Strengthening of control by government
U Periodic inspections
U Safety audits

Selfmanagement by Geradors

U Chief engineer
0  Safety regulations

Enhancement of technical aspects
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i

Technical standards

Based on the assumption thilé preparation timéor regulatiors is 2 years and the steng time for
therespective categims has a 1 year difference, the schedule becomes as follows.

Yearl Year2 | Year3 Year4 Year5 Year6
Implementation of the regulations
Preparation
STAGE1
Periodic Authorities decides the D :
Strengthening inspection | intervals and inspection item§ Generators has to conduct the periodic inspection
of control by
GeVeIEnt || Authorities decides items of : : -
Safety audit safety audit Generators undergo safety audit by authority periodically,
] ;
Implementation of the reaulations
Preparation
STAGE2
Chief enginee Authorities order generators| Generators selects chief engineer among
Self- selects the chief engineers licensed person
management by I
Safet iti !
Generators regu|atigns Al:\tqf;(l)(gtées af(z)ert?/er:agﬁlr;etir grtg Generators follows the safety regulations
- .
STAGE3 Implementation of the reaulatigns|
ST T T—
Enhancement Technical Authorities makes technical Generators follows the
of technical standards standards technical standards
aspects

Figure 1-57 Schedule forL egalReform
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1.6.16 Thermal Power Plant O&M
(1) Current Status and Issues

In Bangladesh, somtiermal power stations have a capacity problem due to a lack of O&M practice.
This leads to the power production shortfall. Higher efficiency can be achieved by applying an
appropriate O&M practice with sufficient skills, so that the plant capacity ceecbgered. In order to
comprehend the O&M situation in Bangladesh as a whole, the JICA study team carried out screening
with the following selection criteria, and then, selected some target sites for rehabilitation and
conversion to combined cycle as reraliglg plans. The screening criteria are shown below.

(a) BPDB owned
Grounds: BPDB is the largest generation public company in Bangladesh
(b) Operation period: more than 10 years, less than 30 years
Grounds: 10 years of experience in O&M is preferable.
A unit older than 30 years may have laggale malfunctions regardless of the application of the
remodeling plan, therefore, ‘BD year long stable operation may not be expected after the
completion of the remodeling works.
(c) Larger than 100MW
GroundsThere is little to expect from the rehabilitation effect on a small power unit.
(d) Availability higher than 30%
Grounds: This means the plant is very useful, and will continue to be vital in the future.
(e) Lowered output or efficiency
Grounds: A large éct can be expected.

BPDB FPower plant T exclusion
l’ Yes

Operating duration < 30 years »  exclusion

Operation plan = 10 years No
Yes
S~ lusi

Capacity = 100MW )T' exclusion
; Yes

Conventional type Combined cycle power plant )N_u' exclusion
4 Yes

»  exclusion

Availability = 30%

‘ Yes

Decrease rated output / thermal efficiency No exclusion

; Yes

Candidate site

Mo

Source: JICA Survey Team
Figure 1-58 Site Selection
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BPDE Annual Report 2012-2013
Plant | Efficiency
Name of powerplant For _ (SSaDr) Type | Fuel Installed | Derated factor (NET)
Q&M | C/C (MW) (MW) (%) (%)

Rauzan #1 O 1993 ST | Gas 210 180 23.94 27.98]*1
Rauzan #2 O 1997 ST | Gas 210 180| 15.80 28.89]*1
Ashuganji #3, 24, 253 @) O 1987/87/88 ST | Gas 450 430| 88.56 33.88
Siddhirganj O @) 2004 ST | Gas 210 150| 56.98 30.32
Barapukuria #1.#2 O 2009,/2009 ST | Coal | 250(125%2) 200| 75.37 27.56
Chandpur O 2012 CC | Gas 163 163| 49.68 37.27
Haripur GT1.GT2.GT3 O 1987 GT | Gas 32%3 60| 53.33 21.16
Ghorasal #3.34 O O 1987/89 ST | Gas | 420(210%2) 360 69.53 31.09
Ghorasal #5.#6 O O 1995/99 ST | Gas | 420(210%2) 380| 33.72 28.76
Tongi @) 2005 GT | Gas 105 105 38.38 25.93
Baghabari O 2001 GT | Gas 100 100| 87.52 28.29
Shahjibazar O 2000 GT | Gas | 70(3b%2) 66| 76.36 25.53
Fenchuganj O 2011 CC | Gas 104 104| 49.08 30.06
Svlhet @) 2012 GT | Gas 150 142| 51.96 29.16

*1) Rauzan power station 1)lack of gas causes low availability
2)large scale of its generation capacity
Because of above reasons, Rauzan power plant also listed in candidate plants list
Source: JICA Survey Team
Figure 1-59 Target Site List

The study was performed based on interviews with and questionnaires for the representatives of the
target power plants. The results are categorized into Human Resources, Facility, Finance, and,
Information, which are commonly referred &s organizational resources in management of an
enterprise. As shown in the table below, the problems exist across the organizational resources.

Table 1-13 Problems in Organizational Resources

Core Missions Human Capital Facility Finance Information
and Areas
Generation Unit failure.
Capacity Aging.
Daily Operation | Insufficient employee
rotation.
Lack of practical Lack of efficiency
training equipment. management.
Insufficient training
facilities.
Maintenance & | Insufficient employee
Repairs rotation.
Lack of practical
training equipment and No budget.
material.
Insufficient training
facilities.
Maintenance Ab "
Planning and sence o
Budget%:reation supporting data for
maintenance plan ang
No budget. o
shutdown permission|
Lack of evaluation
process.

Source: JICA Survey Team

While solutions to each problem are proposed in (2) Targets to Achieve, in accordance with the
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analytical method based on the organizational resources, sahepbblems still remain unsolved in
the tree, which are:

U Lack of standards for replacement

U LTSA does not exist

U Lack of standards for maintenance

i Absence of legal enforcement

These are firmly connected with the legal framework which should be enactheé lgpvernment.

As the development of the legal framework has been examined in detail in the previous subsection, it
is not described in this section. However, it is possible for owners of power generation facilities to
conduct regular inspection withoatlegal regulation. It is necessary to make them aware that regular
inspection at short intervals will lead to lotegm stability of output and the sustainable profitability

of power generators.

(2) Targets to Achieve

As a facility enhancement solutidar the capacity problem, this Study proposes rehabilitation and
conversion to combined cycle. It also proposes the following plans to facilitate regular maintenance
which requires information managnent and plant crew trainings.

Table 1-14 Solution Proposals

Core Missions

and Areas Human Capital Facility Finance Information
Generation Steam turbine
Capacity rehabilitation &

conversion to
combined cycle.
Scheduled
maintenance.

Daily Operation Trainingcenter

equipped with Collection of unit data
simulators and kiech and fuel data, and
training materials. efficiency monitoring.

Work rotation.

Maintenance & | Training center
Repairs equipped with real
machines and Hiech
training materials.
Work rotation.

Mid-to longterm
maintenance budget.

Maintenance
Planning and
Budget Creation

Procurement based on
maintenance plan.
Financial efficiency
monitoring and cost
optimization

Database for budgeting
shutdown planning,
investment decision
making and evaluation

Source: JICA Survey Team

The study team proposes the following feasible plans to implement the solutions above, which are
considered to be effective in human capital development, facility enhancement and efficiency
improvement irfinancial decisions.
The human capital development proposal includes a new training facility with a practical training
system (Training Center). The Training Center is purported to provide trainees with:

U High-tech education for new power facilities.

U Practcal training courses and opportunities to experience real operations and maintenance

practices.

U  Education for certifications in compliance with laws and regulations.
In order to meet the training demand, the study mentions about inviting trainees talJapgrthe
construction of the training facility.
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The facility enhancement proposal is based on a B&S (build and scrap) unit remodeling plan possibly
applied to Haripur and Fenchuganj. Compared to the other plans, the B&S plan has smaller impacts on
the poduction level of the power station. The capacity of the combined cycle unit is expected to be
100MW, which is responsive enough to fill the gap in the case where the frequency fluctuation
indicates a gap between peak demand and supply.
A 100MW combined gcle unit has the following advantages:

U  Quick start, short rampp (2 hours to reach the full load capacity).

U High efficiency in the low load range.

U  Cost efficiency.

In order for the authority to improve efficiency in financial decisions, creation oftonidngterm
plans for procurement in alignment with facility maintenance plans is strongly recommended. The
delays in budget and procurement approval would be reducesimoved, which shouldncourage
plant managers to create feasible maintenance plans.
U Costs for regular maintenance should be allocated over time.
U  Contingency reserve must be estimated based on failure/repair history.
U  Spare inventory should be maintairet an optimal level.
U  The budget process must be integrated across the power plants.

The implementation items of the proposed solutions are shown in the table below.

Table 1-150&M Solution Proposals and Implementation Plans

SOLUTION ITEM DESCRIPTION

Facility Facility Enhancement

Rehabilitation and | Scrap & Build/Build & Scrap remodeling for Fenchuganj and Haripur.
Conversion

Human Capital Human Capital Development

Education System | Technical supporfrom Japan in creation of training curriculum and materials.
Training provided in Japan.

- Education for technological standards.

- Learning about roles of Chief Engineer.

Training Facility Construction of the facility.
Technical support for introduoh of facility and equipment such as simulator.

Finance Efficiency Improvement in Financial Decisions

Budget Creation Synchronization withmaintenancelans.
- Estimation for maintenance cost.

- Supporting data for budget approval.
- Mid to Long term budget creation in alignment with regular maintenance sched

Procurement Proces{ Planning
Optimization - Procuremenprocess redesign.

- Spare inventory control.

- Cost reduction planning.
Procurement Efficiency Monitoring

- Budget control and delay management.
- Financial efficiency monitoring.

Source: JICA Survey Team

If BPDB has managed to establish a system for the centralized management of the data on the
operation and the plans and records of repair of all the pladey its control, as a financial measure,
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it will be able to estimate the budget for the entire organization and to plan for the suspension of the
plant operation and, thus, the delay in the approval of budget and suspension of the plant operation
will be reduced. The implementation of measures to solve problems in the information sector is
considered to improve the activities in the red rectangles in the figure below. It is considered that the
information can be used effectively in facilitating the solnitof various problems in the operation of
power plants in general including problems concerning human resources, facilities and budget and
improving the O&M activities.

| Production || Analysis I—-vl Information Sharing

Scheduled
Maintenance Planning Maintenance

\/

| Mid-Term Long-Term |

Asset N Facility
Information Management

Proposal (PGCB,NLDC) |
| Annual Plan l

| Shutdown Schedule |

!

Approval (BPDB) | | Approval (Power Div.) |

~_—

| Implementation |

1}

| Evaluation |

Budget |

Source: JICA Survey Team
Figure 1-60 O&M Efficiency Improvement Supported by Information Management

One of the advantages of information management is that scheduled shut down for maintenance can be
aligned with demand and supply trends. This practice meggsthutdown impacts on the grid.

Grasp for several years situation of every month
T = grasp for supply-demand gap
enough . - adjustment fgr shutdown timing
§ “keep power supply

T pawer supply
shortage

Source: JICA Survey Team
Figure 1-61 Demand/Supply and Shutdown Planning

(3) Roadmap

In the area of operations and maintenance, the goal is to achieve efficieat e enterprise
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resources. However, the first step towards practices of operations and maintenance needs to be legally
obliged, which guarantees implementation of regular maintenance. It also facilitates prompt decision
making on shutdown schedules apdrmissions. In the figure below, an O&M roadmap for
implementation of the proposals is shown along with the implementation plans for the legal
framework.

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8

Legal Framework

Strengthen Control by Governmen| Legislation Enforcement

Selfmanagement by Generators Certification Enforcement

Enhancement of Technical Aspect Technical Standards  Application
Facility Facility Enhancement

Rehabilitation and Conversion Planning Contract and Construction Operation
Human Capital Human Capital Development

Education System Technical Support from Japan Training in Japan Operation

Training Facility Planning Construction Operation
Finance Efficiency Improvement in Financial Decisions

Budget Creation Synchronization with Maintenance Plan

Procurement Process Optimizatio Procurement Efficiency Monitoring

Source: JLA Survey Team
Figure 1-62 Thermal Power Plant O&M Roadmap
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1.6.17 Tariff Policy
(1) Current Status and Issues
1) Current Status and Issues
(a) Electricity Tariff

Serious Financial Situation of BPDB causedtbg difference between electricity tariff and supply
cost

The arrentelectricity bulk rate is not set high enough to cover the whole electricity supply cost.
Hence, BPDBas the single buygecontinuously receives a subsidy as a form of long term [6an.
improve this situation, the bulk rate should be increased but this means that the electricity tariff for
final consumers should also be iemsed. Electricity tarifincrease might have a negative impact on
the national economy of Bangladesh.

Electricity tariff menuasmeasure for supporting low income households

The electricity tariff menu is categorized according to the volume of wad® lower rate is set for
low income households. When Bangladesh increases the electricity tariff, nsefasuosv income
households should be considered.

(b) Gas price

Difference between international gas price doohesticgas price

Currently, the domestic gas price is set at a lower level. However, if gas demand increases and
Bangladesh starts imports of gastsias LNG, and the gas price is not increased, the gas sector will
require subsidies from the government.

2) Results of angkis and challenges
If the electricity tariffand gas pricare increased rapidly in a single year, it @iflect ahuge negative

impacton the nationaleconomyof Bangladeshit is desirable to increase tle¢ectricity tariff and gas
price progressively.

GTAP was used to analyze the impact of electricity tariff increase and gas price increase on the
national economy of Bangladedthe following model was used for the GTAP analysis.

Area category: Bangladesh, Asian countries, other countries in other regions.

Sectorcategory Agriculture,coak, oil*, gas*, electricity,industry, service

*only for analysisfor gas price increase

(a) Electricity Tariff

To analyze the economic impact of an electricity tariff increase on the national economy of
Bangladesh, impact in the current year only (skyglar analysis) was first analyzed. The impact of a
price increase in 2014, the year wttbe latest data set can be obtained, was analyzed.

The following scenarios were set for the electricity price:
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Scenario (a): average electricity price increase of tDBéal USD
Scenario (b): average electricity price increase of #0féal USD
Scenario (c): average electricity price increase of BOéal USD

The abovementionedpercentage are increase rates in real USD. If we consider the average inflation

ratio from 2010 to 20147.99%, the ratios in nominal BDT become 19% in scenario 289 in

scenario (b), and 40% in scenario ().

In Bangladesh, the electricity price menu for final consumers is different from the size of usage.
However, as a methodological limitation of GTAP analysis, one average price increase ratio was set
[ anal ysi s

foreachsenari o i

for scenario (a) instead of different prices for different categories (e.g. 5% electricity increase for low

n

t he

income households and 15% for high income households)).

(for

exampl e,

one

The resuk of the analysisreshown in the following tableA 10% electricity tariff increase produces

a negative effect on real GDP of 0.72%, a 20% increase produces a negative effect on real GDP of
1.45%, and a 30% increase produces a negative effeetal GDP of 2.17%f the electricity tariff is
increased rapidly, it produces a huge negative effect on real GDP as compared with GDP current

growth.
Table 1-16 Impacts of Electricity Tariff Increase on BingladeshNational Economy (single-year
analysis)
Index (a) 10% increase (b) 20% increase (c) 30% increase
Change ratio e Change ratio Ciege Change ratio Change
%) amount %) amount (%) amount
in real USD (Egg; in real USD (rSgB; in real USD (Bgl[()))n
Irggaéh?gn -0.72 -810.7 -1.45 -1618.6 -2.17 -2424.0
:?;)Iaec)zpoonrts 0.28 79.3 -0.56 157.7 0.83 -235.1
:?ga}cmtpoor:ts 0.27 94.7 -0.55 -189.5 0.82 -284.2

Next, the impact of a progressive increase of electricity tariff was analyzed. Under the assumption that
the cost of the electricity generation supply rises at 1.5% per year in real USD, the following scenarios

Source: JICA Survey Team

were set and the impact on the macro economyaofjlidesh was analyzescenariol was set as the

electricity tariff becoming equal to the supply cost by 2021, scenario 2 was by 2031, and scenario 3

was by 2041.

Table 1-17 Scenarics of Electricity Tariff Increase: Casel (cost increase)

Scenario

Annual Increase in real USD

Increase in Cost

1.5%year
(9.5%l/year in nominal BDT in consideration of average inflation rate f{
2010 to 2014)

BaseScenario

1.5%year
(9.5%l/year innominal BDT in consideration of average inflation rate fr|
2010 to 2014)

4.2%/yeawntil 2021
(12.4%/year in nominal BDT in consideration of average inflation rate {
2010 to 2014)

8 Source: World BanKata site

i a
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Scenario

Annual Increase in real USD

1.5%/year fron2022
(9.5%l/year in nominal BDT in consideration aferage inflation rate fron
2010 to 2014)

2.6%/yearuntil 2031

(10.7% in nominal BDT in consideration of average inflation rate from Z
to 2014)

1.5%l/year fron2032

(9.5%l/year in nominal BDT in consideration of average inflation rate f{
2010 to 201%

2.2%lyeawntil 2041
(10.3%l/year in nominal BDT in consideration of average inflation rate {
2010 to 2014)

Table 1-18 Scenarias of Electricity Tariff Increase: Case2 (no cost increase)

Scenario

Annual Increase in USD

Increase in Cost

0%lyear

BaseScenario

0%/year + minorlfictuationin the model calculation

1

2.6%l/yearuntil 2021
(10.7%/year in nominal BDT in consideration of average inflation rate 1
2010 t02014)

0%/year + minorlfictuationin the model calculation from 2022

1.1%/yearuntil 2031
(9.1%l/year in nominal BDT in consideration of average inflation rate f
2010 to 2014)

0%/year + minorlfictuationin the model calculation from 2032

0.7%l/yearuntil 2041
(8.7%l/year in nominal BDT in consideration of average inflation rate f
2010 to 2014)

Source: JICA Survey Team

In comparison withthe singleyear analysis, the increase per ybacomesmall and the annual
negative impact will be mitigate@lectricity tariff increase irCasel decreaseGDP by0.17%yearin

2014, and 0.26%/year in 202k, Scenariol. Electricity tariff increase inCasel also decreases GDP

by 0.07%yearin 2014, and 0.17%l/year in 2031, in Scenario IRctHcity tariff increase inCasel
decreases GDP hY.04%yearin 2014, and 0.15%/year in 2041, in Scenaridn3Case2, similar

impacts are expected. Furthermore, in the long run, negative impact on GDP is mitigated as compared
with a sharp rise in thergle-year analysis.

Table 1-19 Impacts of Electricity Tariff Increase on Bangladeshational Economy (Casel)

Scenario 2014 2021 2031 2041
Scenarial -0.17 -0.26 -0.06 -0.06
Scenarid? -0.07 -0.09 -0.17 -0.06
Scenarid3 -0.04 -0.06 -0.1 -0.15

Source JICA Survey Team

Table 1-20 Impacts of Electricity Tariff Increase on Bangladeshiational Economy(Case2)

Scenario 2014 2021 2031 2041
Scenarial -0.17 -0.26 -0.04 -0.04
Scenarid? -0.07 -0.09 -0.15 -0.03
Scenarid3 -0.04 -0.06 -0.09 -0.12

Source JICASurvey Team
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(b) Gas Price

To analyze the economic impact of a gas price increase on the national economy of Bangladesh, the
impact in the currentear only (singleyear analysis) was first analyzed. The impact of a price increase
in 2014, theyearwhen the latest data set can be obtained, was analyzed.

The following scenarios were set for the gas price:
Scenario (a): averaggsprice increase of 50% real USD
Scenario (b): average gas price increase of 1i00%al USD

The abovementioned numbers are rates in real USD. If average inflation ratio from 2010 to 2014 is
considered?7.9% the ratios in nominal BDT become 62%sitenario (a), and 116% in scenario (b).

Theresults of the analysis are shown in the following table. A 50% increase in the gas price produces a
negative effect on real GDP of 1.26%, and a 100% increase produces a negative effect on real GDP of
2.47%.Theresult shows that the impact of a rapid gas price increase on real GDP is relatively high in
comparison with GDP current growth.

Table 1-21 Impacts of Gas Pricel ncrease on Bangladeshational Economy
(Sinde-year analysis)

Index (a) 50% increase (b) 100% increase
Change ratio (%)| Change amount | Change ratio (%)| Change amount
in real USD (million USD) in real USD (million USD)
Impact on real GDP -1.26 -1407.9 -2.47 -2759.1
Impact on real exports -0.72 -204.7 -1.35 -382.8
Impact on real imports -1.36 -472.6 -2.70 -937.7

SourceJICA Survey Team
Next, the impact of a progressive gas price increase on the national economy of Bangladesh was
analyzed. The following scenarios were set for the analgsisnariol was set as a progressive gas
price increase to the desirable level considering the international price by 2021, scenario 2 was by
2031, and scenario 3 was by 2041.

Table 1-22 Scenarics of Gas Pricdncrease

Scenario Annual Increase of Gas Pricereal USD
Base | 0%lyear
Scenario
47.2%lyeanntil 2021
1 (58.8% in nominal BDT in consideration of average inflation rate from 201
2014)
0%l/year from2022
17.3%l/yeauntil 2031
5 (26.6%/year imominal BDT in consideration of average inflation rate from 201
2014)
0%l/year from2032
10.6%l/yeawuntil 2041
3 (19.3%/year in nominal BDT in consideration of average inflation rate from 20,
2014)

SourceJICASurvey Team

The result shows th#tte negative impact is mitigated starding the speed of increase.
Gasprice increase decreases GDPO33%yearin 2014, and 5.13%/year in 202ft,Scenariol. Gas
price increasalecreases GDP 1§.02%yearin 2014, and 2.82%l/year in 2031, in Scen&idsas
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price increas@roduces a positive impact in 2014, and a decrease of 1.08%/year in 2031, in Scenario 3.
Negative impact on GDP in the current situation (e.g. in 2014) is mitigated as compared with a sharp
rise in the singleg/ear analysis.

Table 1-23 Impacts of Gas Pricel ncrease on BangladesNational Econom

Scenario 2014 2021 2031 2041
Scenario 1 -0.33 -5.13 0.52 0.18
Scenario 2 -0.02 -0.43 -2.82 0.09
Scenario 3 0.04 0.19 -1.08 -0.32

Source JICASurvey Team
(2) Targets to Achieve
1) Electricity tariff réorm

(a) Increaseof household electricity price

Bangladesh should increaghe domestic electricity tariff. BPDB shouldecreasesubsides and
increasehe electricity bulk rate and electricityariff to cover the whole supply cofiue to concerns
regarding low income households, the category for lower income households should not be increased.
The electricity tariff menu is categorized according to the volume of usdgereA rate is set for low
income households. When Bangladesh increases the electricity tariff, measures for low income
households should be considered.

(b) Discussion among stakeholders

An gppropriate scenario for increasirthe electricity price shouldoe set in consideration of the
negative impact on GDP. Therefore, the related ministries should discuss this. It is recommended for
Bangladesh to organize meetings with related ministries and develop a plan for the electricity tariff
increase.

2) Capacitybuilding of human resources for financial review

Public acceptance of an electricity tariff increase will not be achieved without sufficient effort to
increase the supply cost. Therefore, chances to reduce the supply cost should be identified and an
increase in tariff should be proposed with the reduction of supply cost.

It is difficult for third parties to get involved in the cost reduction process because much information is
confidential within companies. First, it is recommended for BPDB to launcheeaiaspteam to
determine processes that are inefficient in terms of cost. It is difficult to change the conditions of a
signed contract, so it is recommended to establish a structure to check cost efficiency when BPDB
makes new contracts. Support from dansuch as JICA for capacity building is beneficial.

3) Gas Price Reform

Increase ofjasprice

In line with the importing of natural gas, the gas price in Bangladesh should also be increased.
However, the price in the category for minimum usage shoulddetained as a measure to support

low income household3he gas price menu is categorized according to the volume of usage. A lower
rate is set for low income households. When Bangladesh increases the gas price, measures for low
income households shoudé considered.

(3) Road Map

1) Electricity price reform

1-97



Power System Master Plan 2016
Final Report

The draft ideas for scenarios for increasing the electricity tariff are the ones used in the analysis. It is
recommended to set the average increase of electricity price until 2021, 2031, art@iiding to
the scenarios ifiable1-24.

Table 1-24 Example of Scenarics for Electricity Tariff Increase
Scenario Annual Increase in USD

4.2%/yeawntil 2021

(12.4%lyear in nominal BDT in consideration of average inflation rate from 2010 to 20
1.5%l/year fron2022

(9.5%lyear in nominal BDT in consideration of average inflation rate from 20201i4)

2.6%/yeanuntil 2031
> (10.7%/year in nominal BDT in consideration of average inflation rate from 2010 to 20
1.5%/year fron2032
(9.5%l/year in nominal BDT in consideration of average inflation rate from 2010 to 201

2.2%lyear untik041
(10.3%/year in nominal BDT in consideration of average inflation rate from 2010 to 20

SourceJICA Survey Team

2) Development of Cost Reduction Plan

BPDB should launcla special team for cost reduction as soon as pos§thiéerably by 2017 or 2018
the special team should be ready to start analysis.

3) GasPrice Reform

It is recommended to increase the gas price in line with scenarios such as those proposed in the
analysis. However, in consideration of the supply cost increase, in Scenario 1,/wearS¥crease

should be applied after 2022, and in Scenario 2, a 1.5%/year increase should be applied after 2032 to
make thermmore realistic.

Table 1-25 Scenarics of Gas Price Increase
Scenario Annual Increae of Gas Price realUSD

47.2%/year untir021
1 (58.8%/year in nominal BDT in consideration of average inflation rate from 2010 to 201
1.5%/year from2022

17.3%l/yeauntil 2031
2 (26.6%/year in nominal BDT in consideration of average inflationfrata 2010 to 2014)
1.5%l/year fron2032

10.6%/year unti041
(19.3%/year in nominal BDT in consideration of average inflation rate from 2010 to 201

SourceJICASurvey Team
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1.7 Roadmap

To achieve VISION 2041, a road map has been prep
and energy development planning. The road map, classifiying into three timeline; short, mid to long,

and super long, states specific targets to be achievedJsmdghows by when, what items that the

government of the Bangladesh shall implement. It is strongly desided that all indicated items on road

map shall be implemented for certain to achieve VISON 2041.
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Economy

. Sort Term Mid-Long Term Super Long Term
Contents of PSMP2016 Target Action Plan
Y FY2016 2020 FY2021 2025/ 2026-203 FY2036 2041
Incentive for promoting foreign direct investment (Preferential Taxation)Ot L [ 1T 1] T T
Deregulation (Abolishment of entry regulation) I I - —
ol ati ] fori . il | GDP per capita
1. Economic High-income country by mplementation of program for improving ski T (2041)

Development

2041

11,000 USD

Construction of industrial complex and SEZ

3 I H

T T
|

Other, Transportation infrastructure improvement(Port, Road, Railway)

Energy Balance

2. Primary Energy
Demand

Reduction of energy
intensity by more than 209

Implementation of recommendation by EECMP
A-Appliance-labeling

B-Energy management (reporting)
C-Energy-saving building code

D-Low interest loan program for EEC equipment

J
\
\
\
\
i
\
\

\
\
\
\
!
T
|
\
{

|
T
|
|

|
[

|
|
|
-
I
-
—
[ |

{ 1

Energy intensity

3.42->2.56 million USD/toe

Program of Ecologically friendly car

Improvement of road network

-
mEER
I S N
.

Improvement of railway network

3. Domestic Gas Supply|

Revised PSC to attract IOCs

Introduction of IOCs whict
has technological and
financial advantages

International Tender for new onshore and offshore acreage

Partnership between foreign investor 8&PEXé BGFCL®8 SGFFL

overseas

Acgsition of energy assets|

Revise the role of BAPEX

Transform the capacity of BAPEX

Acquisition of oversea energy asset

Efficient use of Gas

Development of legal framework regarding efficient use of gas

Improve efficiency towards international standard and decommission of
inefficient facilities

Onshore LNG Terminal to
Supply 3,000 mmscfd of
Gas by2041

Prepare strategy for LNG procurement

Construction of pipeline to connect into onshore pipeline

commercial operation started (2027

l o]
ransmission | ‘ ‘ |
Introduction of advanced |Introduce electronic mapping system for gas transmission and distribution s 22 ! Distribution
operation and infrastrucur } } i % “ } i
management system Introduce gas flow monitoring and safety management system - . I N
— T
Domest'u: biogas Import duty/levy on glass-fiber biogas digester/material removal [
production: 790,000m3/d ‘ ;
(including additional N ' ) \ C
600,000m3/day by 2031 Glass-fiber biogas digester domestic manufacture development . - - >
and 3 million m3/day by X . . |- [ - N
2041 Glass-fiber biogas digester roll-out through IDCOL loan scheme
Introduction of LNG LNG F/S, FEED, EIA and Land Acquisition 4
Construction of onshore LNG Terminal (3 sets of tank) to be operational f Initial Phase Terminal Expansion }
2027. Additional tank will be installed after COD of 1st Phase. T 1 1 1 d ] ’
Initial phase completed and

|- | | 1

>

4. LNG Suppl . .
pply Commencement of commercial operation 4
Impact study of LNG introduction to existing gas infrastructure and gas
processing facilities
Tsf 201819 start ppefation
. . d 2nd 2023 start pperation
Construction of FSRU and related infrastructure of 1stand 2nd Phase
FSRU to Supply 500 mms 7/ 1st phase of FSRU completed and commdrc
of Gas by 2019 1T operation started (2019)
T I ]
Commencement of commercial operation I . S Y N N >
Implementation of F/S Imported Coal infrastructure
CTT’ (Phasel 2)FY2025, FY2029 —
60 million ton to be
expected imported Coal byConstruction based on F/S
2041
CTT (Phasel)commencement of operation in 2025
CTT (Phase2)commencement of operation in 2029
Establishing technology acquisition system for Bangladesh in order to seci !
Mining technology stable production at Barapukuria Mine |
acquisition for Bangladest ishi i ini i [
5. Coal Supply q [¢] Establishing a system in order to proceed to new mining development mai
Bangladesh
Commenf:ement c.)f .. |To be crystallized after 2017 4
construction for pilot site ¢
Barapukuria Mine based oC 2l O ion in 2021
open-cut mining technolog ommercial Operation in
Development Permission |[Commencement of Construction after 2022 —'—r
for Digipara Mince, R
Karaspir Mine Commencement of production after 2027 4 ‘ — I — 4
Review the result of pilot operation of Barapukuria Mine and commencem \ X Comm;r:r:sg:]ir:rigf'\(/:"%:strucnon
Small scale open-cut miniismall scale open-cut mining of Phulbari Mine after 2021 | open-cut mining 025)
of Phulbari Mine ) \ — —
Commencement of construction after 2025 )
Analysis b/w domestic refinery and oil product import completed and decis|
made
(-
6. Oil Supply Oil imprt 30 million tons/ynExit strategy on oil subsidy established and implemented ) S S S N — T »

QOil import facility (storage tank or domestic refinery) developed to meet
increased oil demand

i ! { I

5--> 30 million tons/yr I
| ——

] Il ] : I I

1 I H 1

Plan

7. Power Development

Optimized energy mix

Energy mix: 3E-Value(Economy/Environment/Energy Security)

[ [T T[]

Capacity building for MP revision

anning climatel

I H
T 1

| Energy MixMin 3E|—‘

Well-organized pl
-Collaboration between organizations for MP —_—
-Periodical rolling revision for milestoned-MP _;_;_:_)
-Strengthen comprehensive statistical work function _l_l_:_)

-Introduction of KPI management

Improvement in the investment climate

climal-:

| Well-organized investment
-PPA improvement e —
-FDI improvement _:_:_1_)
-Prompt procedure of invenstment application ]

-Introduction of financial credit approval by Int'l Organization

No load shedding

| Power for all I

Exiting from high cost rental power

) |

Securing low cost power supply for baseload

Integrated energy infrastructure (Port facility for fuel terminal)

Tariff reform

O&M reform

T
1
t
I
T
T
T
T
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) Sort Term Mid-Long Term Super Long Term
Contents of PSMP2016 Target Action Plan FY2016 2020| FY2021 2025/ 2026-2035 FY2036 2041

[ ]
Preparation of maps by 2018 ;

Completion of Feasibility Study for a PSPP by 2020

To be achieved for
realization of hydropower
development in the
Chittagong hilly area

8. Hydropower Completion of Detailed Design by 2023

Commencement of Construction of a PSPP by 2024 =

Commissioning of the first unit of a PSPP by 2030 )

Transparent and competitive bidding process for utility-scale RE generatio|
project(1 project) T

Completion of wind resource assessment _'_[_T_!_‘
! L
: F
Ren_evyable Energy_. Technical standards and regulation/rules for RE grid-connection ‘
Maximizng generation I L |
. . Maximising RE
potential under the limited .

L eneration potential
land availability Transparent and competitive bidding process —x—'—.—lj {, gun der Iimitg d land
T ]

Energy Balance

9. Renewable Energy FIT and reverse auction system

Utility-scale solar project roll out

Removal of import duty and levy on high-quality glass-fiber biogas digestel

anIr?]gc?; g)r,ozdou: ilon: 62 Nurture of domestic glass-fiber biogas digester manufactures and dealers | \ Bioga:s prlodulctio!n : fb 62 n:1mc[fd I
| A O A A R
Cost competitiveness of biogas over LPG maximized T >
. H: 5,500 M
Advanced development of the Case 3 line # | L: 3,000 MW
[Import Power] —
[ H: 8,500 MW

Increase power import fro

neighboring counties up tq Securing power transmission capacity in India . L: 5,000 MW |
9,000 MW . . . [ 1 H: 8,500 MW
Direct connection of PSPP in Meghalaya state to Bangladesh system 4 L: 7,000 MW
Establishment of legal and implementation framework >
10. Power Import/ 9 i I
Nuclear Power i N I R
Meeting IAEA safety standards — : S
[Nuclear Power] i { — i i “ |
Development of nuclear |Establishment of fuel cycle management : [ | . ‘ 4
power up to 7,200 MW | — s | i i ‘
i H | H
Propoer knowledge about nuclear safety and public acceptance >
162 Units| | 384 units | 56 nits
Operation of nuclear power plants ! ron '
Direct connection of Dhakka - Chittagong
11. Pgwer TransmissiojRobust power system Strengthening trunk lines for regional development >
Planning development T T T 1 11 T T T !
| I [ - - [-— !
Transmission facility developed to meet increased power demand T [ 1 ’
! L
[
T Electrificaion for All by 2021 T
12. Distribution y L
(Rural electrification) i [
SHS waste management process established I ’
.
T
Amendment of Electricity Act S =
Power Balance Development of laws and ] ‘ §
rules (obligation and pena]Amendment of Grid Code —z—'—-—y—t
etc.) — : i
Amendment of NLDC's operational rule k
Governor-free operation of new installed generator
13. Improving Power . . —
Quality Engineering
Implement ensuring - Construction
frequency adjustment c — " ; - - lod plant
margin and control ommissioning and commencement of operation new installed plant from
2015 to 2021 |
|
Implement plan based on the review of new installed plant After 2022 T | T ‘ {, T ‘ »
| | | | |
R T
Fulfillment of new installed generator of LFC control i 4
-
| |
Strengthen monitoring by government T [ ‘
-
L
Development of laws Strengthen utilities' self-management T m. 5 ‘ :
| | '
N N O I
Technology enhancement 4
14. ThermalD&M T
Upgraded combined cycle thermal power plant _I—
!
Thermal power plant O&MBuilding information management system
Establishment of traning center ——
|
. i 2{6%0/year 1.5%/year
Power tarrif increase ' >
Energy Cost and 15. Energy Tarrif Policy No gap between tarrif and N T T I A I I I I R R ’ | 1]
Tarrif Balance . supply cost P 20%/year | | P [ | | |1B5%lyear |
PRy Gas tarrif increase L] soeovwyear | [ [ || L [ 1 ] 1 [15%ear | | )

AN I S T N N I T (N I N N S N B

[ |

SourceJICA Survey Team
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Chapter 2 Recommendations on the Implementati& Monitoring of the
Master Plan

The issues required to be addressed with a scope wider than the scopes ofsgebiect
development plans and those of individual sectors in the implementation of this master plan in future
and the monitoring of its pgress, including some recommendations made in the preceding chapters,
are described in this chapter. The issues that were not considered to be the preconditions for the
formulation of this master plan, but which have to be considered in the monitorint of
implementation and its revision in future are also described in this chapter.

2.1 Capacity building for master plan revision
2.1.1 Collaboration and Cooperation between Organizations involved in the Formulation of MP

In Bangladesh, the Power Division under the Ministry of Power, EnergyMindral Resources
(MoPEMR) is responsible for developing power development plan, and the practical works are done
by the Bangladesh Power Development Board (BPDB). In the meanwigld&snergy and Mineral
Resource Dvision under MOPEMR is responsible for the energy supply plan other than electricity and
the practical works are done by Petrobangla, Bangladesh Petroleum Corporation (BPC) and so on.
This study observed that, becausehaf separateddministratiorbetween electricity and other energy
sources, there is narganizationaktructure that supervises the overall energy supply and demand in
Bangladesh comprehensively. As the domestic production of natural Basghadeshs expected to
deplete whereas the energy demand will continue to increase rapidly, the country will need to depend
more on imported energy sources.

Considering this situation, the importance of developing an energy supply plan from a comprehensive
viewpoint is expected to gain importance for determining how to appropriate the lidui@estic

energy production among various sectamnslwhich energy sources to import for supplying to which
sector and how much.

In developingthe aforementioneghower developmen plan and energy supply plan, a systematic
relation among stakeholders is needed so thateg@onsibilityof various data necessary for making
future projection such as treetualoperational data and facility development plan is identified and
that these data are administrated in unity. Current status is that, as observed by the JICA Study Team,
relations among the organizations responsible ddministratingthese data are not sufficiently
established.

These power development plan and energy supply pked to be updated regularly by reflecting the
conditional changes.Herefore establishing aimstitutional framework is necessary to develapd
implement both plans comprehensively by involving all the relevant stakeholders for these plans to
share ifiormation.

2.1.2 Periodical Rolling Revision of the Milestone Plan

Although a PSMP has been formulated every five years as a milestone plan, its periodical revision based on
a rolling plan has not been conducted appropriately. In principle, a power supplynp&rpower
development plan is formulated on the basis of demand projection and appropriate standards for ensuring
the reliability of supply. However, as the proportions of the projects mentioned in power development plans
that have reached the operatitmge have been small, a list of prospective projects for investment tends to
be included in a power development plan as it is. In principle, a power development plan has to be revised
in accordance with power demand and the supply reliability standattle ptanning and preparation for
projects progress. It is also necessary to revise the power development plan and the energy supply plan
formulated in this survey periodically, at least once a year, with changes in the situation including the state
of theeconomy, supply/demand balance of energy sources including domesgiicaliyced natural gas and

power supply/demand balance taken into consideration.
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2.1.3 Strengthening of integrated statistical processing functions

BPDB has a record of electricity sales t® customers and those wholesaling to other distributing
companies. The total sum of them is the total volume of electricity sold by BPDB, but is not identical
with the total volume of electricity that is sold by distribution companies including BP DBsaadby

end consumers. Fanalyzingthe trend of electricity consumption Bangladeshmore specifically,
grasping the electricity sales of diktributioncompanies to endonsumers with sectorial breakdown,

such agsresidential commercial, industrial et, is more important. Power Division and/or BPDB is
suggested to take an initiative developa database of nationwide electricity consumption uniformly

as a routine.

The JICA Study Team also observed that there is no government agency responsibigpfog dqiow

each sector (residential, commercial, industrial, transport etc.) utilizes energy as the combination of
various sources of energy supply such as electricity, natural gas, LPG, oil produatspmoarcial

fuel (bio fuel) etc. When the JICA Studleam interviewed with various organizations, there were
some opinions that, in order mitigatethe increase of natural gas demand, new supply of natural gas
to residential sector and transport sector should be restricted and these sectors shauted¢oinge

LPG instead However, if this idea is actually implemented without lbegn perspective of energy
supply and demand, it may result in the rapid increase of LPG procurement that is apt to be costlier
than LNG, and the burden of nationwide egecgst may become heavier. In order to realize the
longterm optimization of nationwide energy balances, GoB needs to strengthen the function to
consider and coordinate the national energy policy comprehensively.

Although it should be the Government ofr8gadesh that decides which organization is to be responsible
for performing these integrated statistic processing functions, the Survey Team recommends the
establishment of Integrated Statistics Bureau in MOPEMR for the centralized management ofaH the d
from the organizations under the jurisdiction of the Power Division and the Energy Division with the need
to revise the power and energy master plan periodically taken into consideration.

2.1.4 Introduction of Key Performance Indicators

Furthermore, GoB isuggested to set appropriate KPIs (key performance indicators) in the process of
planning and to set quantitative target based on thisrdarto indicate clearly the directions of
energy policy of Bangladesh. Above all, as the codstgnergy demandsiexpected to increase
rapidly, target setting for rationalizing energy supply and demand (energy efficiency) is indispensable.
In addition, strengthening the capacity to analyze the effextraditionalchanges on these KPIs and,

if necessaryto adjusthe targets and plans flexibly to reflect the changats@required.

Examplesof KPIs that serve for targsettingfor the power and energy sectors are as follows.

A Energy efficiency: energy intensity per GDP (toe/million BDT), GDP elasticity of ggner
consumption etc.;

A Economy: cost per unit of energy supply (BDT/kWh) etc.;

A Environmental consideration: emission factor of greenhouse gas etc.;

A Stable supply of energy: energy security index (dependence on energy import, diversification of
energy sources), average frequency and duration of power interruption (SAIFI, SAIDI) etc.;

A Optimized supply of energy: balance of aforementioned 3E (integrat@etor), composition of

energy source mix etc.;

Currently the main stakeholder agencies in Bangladesh do not have sufficient organizational and staff
capacity to deal with these new challenges and international support for improving the capacity of
planning, policy implementation andonitoringevaluationis also needed. Japan has also provided
various kinds of assistance such asdispatchof policy advisors, training programmes and capacity
development support programmes. These kinds of assistélhsgll be needed for Bangladesh.

2.2 Measures to Facilitate Improvement of Investment Climate
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2.2.1 Outline

As a rapid economic growth is expected in Bangladesh, a power development plan has been
formulated to reinforce power generation facilities to meetinkereasing power demand. However, as

the construction of power generation facilities has not been progressing as planned in reality, as
mentioned in detail in the chapter of the power development plan, the demand has been suppressed
due to the limited quply and, therefore, the difference between the actual demand and the demand
projection including potential demand has been large. This fact may have undeniably had negative
impact on the economic growth in Bangladesh.

It is obvious that the milestones e power development plan, however theoretically the plan may
have been formulated, will be just empty theories in the current state in which various factors impede
the construction of power source facilities.

Therefore, a discussion conducted on the wagréate a climate that makes investment in power
development attractive with opinions of investors taken into account is described in the following.

Power Demand Forecast (MW) Power Development Plan (MW)
12,000 - 12,000
10,000 10,283 10,000
9,268
2349
8,000 - : 8,000
7518 7356 °
6,765
6,000 6,454 6066 6434 6,000
4,890
4,606 .
4,000 4,000
2,000
2,000
PSMP2010 Planned
0 Actual . Gas oil Coal Total
2009/10  2010/11 2011712  2012/13  2013/14  2014/15 PSMP2010 Planned| 5,893 2,743 1850 10,486
Actual 2,546 1,598 - 4,144

Source: JICA Survey Tear
Figure 2-1 PSMP2010 ReviewPower Development Plan)

2.2.2 Project Implementation Structure

In addition to conventional loan projects implemented with public financing from international
organizations, projects with PPP investment that utilize the technological capacity and cap#al of th
private sector more than the loan projects are considered a promising means of power development in
Bangladesh. The figure below shows a possible project implementation structure assumed for the
implementation of IPP projects in Bangladesh.

.............................................................................................

Government of Bangladesh

_ BPDB Power Cell Power Div. BIDA
: Power Purchase BOT Gov Investment
Agreement Contract Guarantee Certificate
Special Purpose Company (SPC) }
EPC Fuel Supply EqUit D
ebt
Contract Agreement ity
EPC il Fuel ii Sponsors ii| Lenders

Contractorséé Suppliers | ::

...................................................................................

2-3



Power System Master Plan 2016
Final Report

Source: JLA Survey Team
Figure 2-2 Organaization of IPP

The sponsor of a project consisting of a contractor and an investor usually minimizes the project risk
by establishing a special purpose company (SPC) anduchinglcontracts with various organizations
to be involved in it through the SPC. The major project risks are summarized in the following.
A Risks directly concerned with the Government

Risks associated with power sales agreements and payment of elechidcggs

Foreign exchange and remittance risks

Country and political risks

Risks to be controlled mainly by contractors

Risks of delay and cost overrun

Risks in fuel procurement

O&M risks (including risks in the construction of power transmission, trangfigrrand
distribution facilities)

<K<K >»

2.2.3 Risks directly concerned with the Government

In Bangladesh, an SPC and BPDP conclude a power purchase agreement (PPA) and the SPC becomes
the only offtaker of the power under the PPA. Because this agreement providgerdangecurity, in

principle, investors consider it an important agreement that promises profitability of their investment

in the project life. Investors prefer a large proportion of the payment for electric power to be made in
foreign currencies, while éhinvestee prefers a large proportion of it to be made in the local currency,

as they collect electricity charges from users in the local currency. This proportion of the payment in
foreign currency has signi fi c ament lfitheréis arestricien on i r
on foreign exchange applicable to a case in which a SPC exchanges the profit from a project after
deducting the local costs that it has saved in the local currency in a foreign currency and remits it to
the country of thenivestor, such a restriction will also be an obstacle to the investment.

Power Division applies for the licenses and permits for the establishment of SPCs and construction of
facilities with a consent of Power Cell and applies for a government guaranitea wghsent of the

Ministry of Finance. All the permission and licensing for investment in foreign currencies used to be
controlled by the Board of Investment, Bangladesh, (BOI). However, it is currently controlled by
Bangladesh Investment Development Rarity, which was established recently as a-sta@ center

for foreign investors. The governmentdés effort
investors such as the case mentioned above should be highly appreciated. A contrac®r for th
implementation of a project with foreign investment is required to be established as a joint venture
(JV) of a foreign investor and a local partner, and a foreign investor is not allowed to participate in
such a project as its sole investor in many cgesitincluding Bangladesh, in order to facilitate the
development of domestic and local industries.

Successful project implementation naturally requires strict compliance with agreed rules and
provisions of the agreement, which requires minimization efdbuntry and political risks as the

major precondition. These are the risk factors in the agreement directly concerned with the
Government.

2.2.4 Risks to be controlled mainly by contractors

The risk of delay and cost overrun is a risk to be hedged by camrac¢he conclusion of an EPC
agreement between a SPC and an EPC contractor is a means to hedge such risk. The risk in fuel
procurement, which may emerge in different forms in different projects, is considered a risk to be
controlled by contractors. The @&risk is also considered a risk to be controlled by contractors.

There is a risk that power may not be transmitted as planned when the power source facilities have
been constructed and put in use as planned, if a project for constructing transmissicandine
substations is delayed by various factors. If such a project is not in the scope of the investment in the
power source development of an investor, it is considered extremely difficult for the investor to control
the project concerned. Therefore, actrenism that places the responsibility for the consequence of
the delay of the project to its contractor has to be established.
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2.2.5 Recommendations for Improvement

A PPA

A PPA will stipulate the standards of tariffs that sufficiently accommodate variousasskeiated

with foreign exchange and international remittance. The privileges to receive electricity tariffs in US
dollars and transfer the revenue in dollars received from the sale of electricity overseas without
restrictionwill be granted to investors.

A Tax exemption for FDI

The tax exemption to be granted will include exemption from the customs duties on all the imported
materials and equipment required for the plant construction, exemption from the corporate and
personal income taxes for a certain period of time and exemiptm the import tax on vehicles and
heavy and specialized equipment to be used by contractors.

A Streamlining of procedures
It is not sufficient just to establish better rules. It is also necessary to reduce the time required for the
issuance of licensemd permits.

A Credit enhancement to local enterprises by  international organizations

A tripartite relationship of the political system, bureaucracy and private sector led by a local
largescale company has been formed in many of the successfully imptemi®® projects in
Bangladesh. A foreign investor must form a JV with a local investor if the foreign investor intends to
implement such a project because there is a law that does not allow purchase of land solely with a
foreign currency in Bangladesh. Théore, such a project will be implemented as a {@nmm joint
investment project with a local company to ensure steady cash flow into the project and the financial
credibility of such a local company may have significant influence on the decision oé&ignfo
investor. For example, an international organization will enhance credit limit of a local company as a
guarantor of its credit in order to improve its credibility in the local industry sector in a scheme to
implementlargs cal e | PP pebj PP @psopedmod I n practice,
the payment of fees by guarantor in the case of breech of a provision in a PPA and fully covers damage
to a developer will be established.
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2.3 Economic Development

It has to be noted that the efmentioned economic projection is based on the assumption that the
Government ofBangladesh(GoB) will implement appropriate policy measures for economic
development Currently, the economidevelopmenin Bangladesh is mainly driven by the steadily
increasing export of readgnade garment (RMGhdustrythat takes advantage of low cost of labour.
For achieving mid and longterm economic development, it is indispensable that the national
economy will shift from labouintensive industries like RMG to movalueadded industries, and it is
necessary that policy support to promote these new industries.

Examples of policy support are the provision of incentives for promoting foreign direct investment
(FDI) from overseas and the development of infrastrucikeedpecial economic zones. An example

of softmeasureso promote the development of high valgded industries is a capacity development
programme for human resources in the industrial sector to help advanced technologies to take root in
Bangladesh inditries.

Following these observations, policy recommendations aleeonhomic development policy is
summarizeas follows.

(1) Infrastructurédevelopment
1) Short term

In order to promote the high vakaelded of manufacturing, especially the advancement of industries
through the attraction of FDI, development of fundamental infrastructure is indispensable, such as the
utility structure likeelectricity gas and water, dnthe public transport infrastructure for distributing
materialsand products. And théevelopmenand integration of production base that is equipped with
these infrastructures is supposed to be the key factor of success. In addition, provision ekgcenti
such as the waiver of tax and duty for mitigating the financial burden of huge amount of capital
investment is also an effective tool. Development of production bases to promote these industries,
such as EPZs (Export Processing Zones), SEZs (Speaaloiic Zones) and industrial parks is
strongly desired.

In Bangladeshdevelopmenbf PEZs started from 1980s for promoting export industries and currently
right PEZs are iroperationunder the supervision @angladesh Export Processing Zones Authority
(BEPZA). In addition Bangladesh Economic Zones Authority (BEZA) was established in 2010 for
fostering the development of SEZs eyeing for the diversificatidBaoigladeshndustries. According

to the JICA Survey Team interview on BEZA in February 201#here exist about 60 project plans of
SEZs and BEZA has a target of developing 100 SEZs in 15 years. In order to realize these plans and
targets effectively, this study suggests that a programme to develop the capacity of planning and policy
implementatio for governmentagencies like BEZA is also needed, which shall be discussed more in
detail in the next section.

2) Mid/long term

Development of fundamental infrastructure for promoting industrial development may have
limitations only with thefipointwised developmentike SEZs, PEZs anohdustrialparks. Connecting
these points into &unk line, and then into a wide area, will enhance its effectiveness. Furthermore,
improving the convenience of connection among production bases will also help impti&ing
efficiency of supply chain in a manufacturing process and contribute fiBtrelazation of supply

chain of export industries (setbntainment of value chain from material to final product).

From this point of view, it is strongly recommended tegare plans of comprehensive walea
infrastructuredevelopmentthat cover seaports, roads, railway, and energy supply and etc., and to
implement these plans steadily.
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In addition, reforms of economic structure will be indispensableaébievinglongterm economic
developmentsuch as further deregulation drzkralizationof industries for simplifying thécensing
process and for enhancing the mobility of human resources and capital funds.

(2) Capacity Development
1) Short term

In order to promte the development of manufacturing bases for the advancement of manufacturing in
Bangladesh, such as SEZs, EPZs and industrial parkspécessaryo make effective and realistic
plans of development and to implement them steadily.

Becausdhe skillsand experience of government agencies responsible for that may not be sufficient to
fulfill this, capacity development programmes to support this are also considered to be necessary.
Japan has provided assistance to Bangladesh in this field, sitheaBoject for Development Study

and Capacity Enhancement of Bangladesh Economic Zone Development Plan Au(B61it2016)

andfi St u d Werifeatiah Survey on theComprehensiveDevelopment ofSouthern Chittagong
Regi on i n RGeal529l16)ttheasspansored by JICA. Technical support from abroad like
that will help enhancing the capacity development of government administration.

2) Mid/long term

For the longterm sustainable development of Bangladesh economy throughhecementf
industries, an overall botteup of human capacity in the industrial sector is essential. Examples of
supporting programmes are the establishment of facilitigeébinologyeducatiottraining and the
project to assist the efficient acquisition oftteologies through OJT (ethe-job training).

2.4 Domestic Natural Gas [Gas]
(1) Infrastructure

Gas production from existing gas field will be peaking out in 208 And declining, while gas import
in a form of LNG is forecast to increase significantly in near future. Under the circumstances issues in
terms of infrastructure development to be revidwead studied are as follows:

A Domestic gas price will be linked with international gas price and more strict control and
monitoring of gas in/out flow wil/ be required
and/or leakage from the systehosld be minimized.

A Gas flow will be changed from the eagtst current to the soutb the rest of the nation, The

large amount of imported gas will be coming from Maheshkhali and/or Payra. Gas transmission

infrastructure will need to be reinforced arnxiséing distribution system will also need to be

reinforced and reonstructed.

Operation mode wil/l be shifting from AGas Al |

required to supply gas to meet the pysehil e of

needs to be reviewed.

>

Currently the three layers organizations are involved in gas supply, i.e., Gas Production Companies
(BAPEX, BGFCL, SGFL etc.), Gas Transmission Company (GTCL), and Gas Distribution Companies
(TGTDCL, BGDCL, JGTDSL, PGCL, KGDC SGCL). There is no integrated operation system
since there is no necessity under gas allocation system at this stage

In order to solve the above listed issues the-plaihned and systematic approach will be required.
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Industrial structure and lifestylof people will be changing with development of economy. Role of gas
based electric power generators will be changing from base load generation to middle/peak shaving
generation, and numbers of new gas power plants will be constructed near metropeditdphaka).

Gas infrastructure should be planned and installed to coincide with those power plant installation
plans.

The most important is that Gas Sector and Power Sector should work together by organizing working
group jointly and share issues and daiee exact location of the power plant, and associated power
grid and gas supply infrastructure.

On completion of gas and/or power infrastructure, more sophisticated operation system need to be in
place and trained operator and maintenance personngltaelee ready for work. However, this

capacity building task might not be easy. Assistance from Japan could be constructing and operating

an fAelectronic gas infrastructured which suppor
facilities, and trasfer the system to the operating company at later stage (BOT). With this approach,
project schedule will be shortened and more time can be used to train the staffs.

1) Short term

Most part of gas infrastructure will not be visible from surface becthey are buried underground.
Location of each gas piping components need to be identified by linking with GPS. First of all,
object orientated advanced electronic mapping system need to be introduced, combined with
appropriate SCADA (Supervisory Contrand Data Acquisition) System. By this arrangement,
Advanced Control, Preventive Maintenance, Operation Safety, Emergency Transaction, and Asset
Management, will be attainable. Such system can be constructed and operated by Japanese entities and
transferre at later stage (buddwn-transfer: BOT). Technology transfer will be easily implemented

under this proposed scheme.

Gas Transmission
and Distribution

System
5 /i Gas i
S\
N
Object Model
CompoRent ) Each Piping Material is
_ oviget ) treated as specific object
and linked with GPS.
W] < simele
Database P

Source: JICA Survey Team
Figure 2-3 Advanced Electronic Mapping- Object Model System

2) Mid term

As the imbalance of demasstipply situation improves with the increase of import LNG, operation
mode is changing from fiGas Allocationdo to ACust
supply gas to meet the demand probifeeach customer. Gas supply source will be diversified. In

addition to domestic gas, introduction of LNG via FSRU and/or Land LNG terminal and pipeline gas

from India will be starting shortly. Gas customers will also be diversified with development of the
economy. In order to manage such changes integrated supply system and central operation unit will
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need to be constructed. Current gas supply organization may need to be reviewenrgawized.

Introduction of IT is accelerated in future and operasgstem will be improved and need to be more
flexible based on advanced data acquisition, processing and control system. JICA has assisted in
introducing prepaid gas meter to domestic users as part oflgam financed project. This system
would be integated into part of IT system in future.

(2) Human capital development and supporting organization (capacity building)
1) Short term

Currently, it is understood that the numbers of gas leak incidents are reported daily (details are not
precisely undetsod at a gas distribution company). Most of which presumably are caused by poor
maintenance, use of low grade materials, and/or poor construction practice. To enhance the reliability
and integrity of the gas infrastructure system, it is necessary t@ sisign standard (such include
piping material standard, standard construction drawings), construction work procedure and
maintenance/safety procedures.

In order to bring up staffs who are able to manage advanced operation and maintenance of gas
infrastucture, knowledge and skill based qualification system should be introduced. Personnel system
may also need to be reformed.

2) Mid/long term

In addition to manage advanced operation and maintenance of gas infrastructure, managers are
required to promte efficient use of gas. Wide range of knowledge and practical skills are required to
be a manager. It is important to bring up internationally recognized professional engineers in the
organization. Professional engineers will take such responsibilitthes dre seen in major oil
companies and utility sector of advanced countries. Chartered Professional Institution in UK may be
able to support the education and training programs.

Responsibility of such engineers will be extended to prepare operatiomanttnance manuals to
suit by themselves.
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2.5 LNG Import[Gas]

FSRU Project is under progress and study of land based LNG terminal project has also started.
However, each has its own characteristics and need to understand the differences. Prior o develo
LNG project, following matters need to be taken into consideration:

Price formula of LNG Long term Take or Pay contract
Use of LNG spot market

LNG Freight and tanker size

Storage/gasification service fee

Construction schedule and risk

Operational risk ad energy supply security

3> > > I>» > I>»

Construction schedule of FSRU is 3years at the most and construction risk is considered low, and
therefore FSRU is considered reliable source of
or payo and r iudkbe loehrd by @angladdsh. FSRO requireomore than 60 times of

LNG delivery by shuttle tankers. Operation of FSRU is vulnerable to Cyclone and/or rough wave
conditions because of ship to ship transfer operation of LNG.

Land based LNG terminal will plag role of supply optimization between supply and demand. It also
plays important role in securing energy supply if it is used as a strategic storage, and considered
inevitable energy infrastructure in Bangladesh. Compared with FSRU, freight unit cdse wollver

since larger vessel such asH@x and @Max class can be used to deliver LNG. Initial storage and
gasification service fee is higher since it should support the initial infrastructure investment cost,
however the fee will be lower and competitiwéth the expansion of storage capacity to meet the
increasing demand. Construction will takel@ years to complete before commencement of
commercial operation.

LNG terminal operation will be assigned to RPGCL (CNG & LPG Company), if it is planned by
Petrobangla (a LNG terminal project under Power Cell and BPDB supported by IFC would be
operated by different scheme. Further detail i s
LNG terminal will be handed over to GTCL (Transmission Company)teartsmitted and handed

over to Distribution Companies for supplying to customers. Gas allocation system worked under such
system for long time.

Once large amount of gas is started to be delivered from LNG Terminal, gas allocation system will
need to be ltanged to new delivery system, i.e., customer demand based supply system. This new
supply system will work under integrated operation system connecting among LNG terminals,
transmission lines, and gas distribution systems. Central operation unit witiskieff tontrolling and
monitoring all the in/out gas flow will need to be constructed. Current organization may need to be
reviewed and restructured.

(1) Infrastructure
1) Short term

Industry of Bangladesh has suffered from shortage of gas supply and adversely affected economic
growth of the country. The first FSRU should be constructed soonest and associated transmission line t
as well. Design of current transmission line under canstn is 90 km long, 30 inch diameter with
pressure rating of #600, capable of transmitting-B0O0 mmcfd at normal operating pressure of 900

psig. However, this pipeline is considered too small to accommodate further future gas delivery. New
transmissiorsystem should be studied by the working group organized jointly between Gas Sector and
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Power Sector, and share issues and determine future delivery plan.

Advanced gas supply system can work only under the sophisticated pressure/flow control system.
Changing pressure of the transmission pipeline system may adversely affect performance of
condensate recovery unit at gas field, as well as the operation performance in the downstream
distribution. This potential impact needs to be investigated further.

2) Mid/long term

Land LNG terminal require-10 years to construct. It will play a role of supply optimization between
supply and demand. It also plays important role in securing energy supply if it is used as a strategic
storage, and considered ineviwal#nergy infrastructure in Bangladesh. LNG storage capacity will
continue to increase with the increase of demand. Gas transmission and distribution infrastructure will
also be reinforced and expanded. Mid/long term plan should be prepared to minimieecfistuand

avoid duplication of works. Joint working group between power and energy sector to be organized for
this purpose also.

(2) Human capital development and supporting organization (capacity building)
1) Short term

On completion of gas infrastructure, operation system needs to be in place and trained operator and
maintenance personnel need to be ready for work. Assistance from Japan could be constructing and
operating an fifel ectronic iratidnr and tmaintendneer af dthe whi ct
infrastructure facilities, and transfer the system to the operating company at later stage (BOT). With

this approach, project schedule will be shortened and more time will be used to train the staffs.

2) Mid/long term

As sited in the previous paragraph, it is important to bring up internationally recognized professional
engineers in the organization. Professional Engineers will take responsibility of managing advanced
operation and maintenance of gas infrastructure, andqgieoefficient use of gas. Major oil companies

and utility sector of advanced countries relies on their operation on this type of people. Chartered
Professional Institution in UK may be able to support the education and training programs.
Responsibility & such people will be extended to prepare operation and maintenance manuals to suit
by themselves.
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2.6 Renewable Energy [Introduction of energy storage technology]

(1) Infrastructure

Integrating intermittent renewable energy resources, such as PV and Wind generation, to achieve CO2

emission reduction is a priority task for most countries worldwide. However, such renewable
resources have higimitial cost, low utilization rate and inteittent generation.Therefore, when
integrated into the grid in large scale, they could put system frequency and voltage stability in
jeopardyand cause technical problem.

On the other hand, in parts that have no access to the grgrifbfireas), Soladome System (SHS)

or smallscale diesel generation provide electricity. However, SHS are expensive and cannot supply
more than 3 to 4kW, also smaitale diesel generators have fuel running cost in addition to the initial
cost. Therefore, offrids areasdwve not only high failure rate but also a very high electricity cost.

To address such issues, increasing renewable energy integration while maintaining electricity supply
stability, largescale and safe energy storage technology is proposed as a suppedsiye, and a
practical introduction is highly expected.

< FrequencyFluctuation Image < Solar Home System (SHS)

Ho me _Srﬁart home Increasing REntegration

Building Y Zero Energy Building

FactoryY Smard Factory = e
edanna]

_— .\F‘ [ Wil 50/60Hz _
m I:ul »«I_]_ Thermal &

EV Battery
Fuel cell

Source: JICA Survey Team
Figure 2-4 Introduction of energy storage technology (1)

1) Short term
A Improved grid stability through integration of large scale and safe energy storage system

V As mentioned above, in case of integrating large scale intermittent renewable energy sources

in power system, frequency and voltage fluctuationsatieipded.
V Up to now, hydro pumpestorage units have beeriliged to solve the above issydsowever

considering required construction cost, time and area, large scale energy storage systems have

superior characteristics for absorbing power system fluctuation by electrical energy charge and
discharge. Thereforeush solutions are being closely focused in Néktherica. A pivotal
point in realizing large scale energy storage systems is its safety.

V Considering above mentioned conditions, it is proposed to have a demonstration project F/S in
order to connect safertge scale energy storage system to grid, develop operation and control
technology and evaluate the integration effect.

A Realizing safe, low cost and environmerfriendly Off -Grid energy supply system through
integration of large scale energy storage system
VIin remote areas t hat -grdpenérgy storage ean ke cseckts replateo

SHS and diesel generators through community energy schemes instead of providing energy

system for each individual house. (Medium to large scale solar systésmge scale energy

storage system for community). Using such scheme, it might be possible to addressee above

mentioned issues. Therefore, F/S for evaluating the system integration effects is proposed.

2-12

gr |



Power System Master Plan 2016
Final Report

Redox Flow battery is one of the most wiallown lage-scale and safe energy storage technefog
Some of the application samples can be shown as follows.

[1] Improved grid stability

METI6s demonstration project from FY 2013 to F
Installation site Minami-HayakitaSubstation at Hokkaido Electric Power Co., Ltd
Sytan : Redax Flow battery system 15 MW / 60 MWh
Application :Frequencyegulation(Short duration)
Surplus power adjustment (Long duration)

3> I > >

< System appearance > < Demonstration image >

Dispatch Center

A PP

Dispatch

Discharge

Freq.

Redox Flow battery

Charge

Source: JICA Survey Team
Figure 2-5 Introduction of energy storage technology (2)

[2] PV + Large-scale energy storage

A Sytem: Redox Flow battery system 1 MW / 5 MWh
A Application: Storage of PV surplus generationy, Butput stabilizationetc.

Sysytemappearance

‘%ﬁh

PV output Battery output

" : Schedul l
. ; output |
g . /F Total output | N . [ —
[
- Batteryoutput ¢ pv output

Source: JICA Survey Team
Figure 2-6 Introduction of energy storage technology (3)
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2) Medium term
A Introducing large scale energy storage based on the F/S results

(2) Humancapital development and supporting organization (capacity building)

1) Short term

A Training for operators and creating operational manuals

It is important for the large scale energy storage operator to have a sound knowledge about functions,
responsibilities, operation and maintenance, economics of the systems and etc. Together with the
above mentioned F/S study, there would be a traininth@®large scale energy storage operators and a
manual would be provided form the achieved operation Kmow. This will layout foundation for

safe and low cost energy supply as well as suitable O&M support in Bangladesh.

2) Medium term

A Creating ancillay service market foundation

The need for ancillary services and large scale energy storage systems would be increased due to the
expansion in renewable energy resources. To correctly evaluate this value and realize suitable balance of
energy resources, @ion of an ancillary service market would be necessary.

2.7 Power System Plan
(1) Infrastructure Arrangement

1) Transmission Plan

The projects listed in the table of-gning projects made by PGCB will be steadily implemented.

The funding sources should be identified soon for the projects that have not yet been funded, such as
the expansion and strengthening of t he net wor |
substations and 230kV substations). Regarding the projects for ih@dwer transmission system
related to interconnections, such as Barapukuria, their funding sources should also be identified in
adequate time, in cooperation with the progress of the discussions with the related neighboring
countries. Regarding the prots for the transmission lines for power transmission from the large scale
power stations in south Chittagong and Khulna that are identified in this MP, their FSs are
implemented accordingly at suitable timings in order to match the construction schedlwegant
selection of the routes for transmission lines.

2) Rural Electrification

The projects listed in the table of-going projects made by BREB will be steadily implemented. In
the process, it is important that a distribution system which aimgyhtrhliability in the future is
constructed efficiently.

(2) Strong Institutional Arrangements

1) Transmission Plan

PGCB takes on the role of making plans for bulk power transmission lines and substations. Although
consistency among the bulk power netvgans and power demand forecasts, power generation
plans and power distribution plans should be ensured, these plans and conditions are set by
organizations other than PGCB. The power demand forecast for the whole of the nation is made by
BPDB and the mional ones are made by power distribution companies. Power generation
development plans are made by BPDB under the management of Power Division in MOPEMR. The
power distribution plans are made by distribution companies such as DSCO and DPDC.

The results bthe plan for the bulk power transmission system made by PGCB are reflected in the
power transmission and distribution plans made by distribution companies and become the conditions
for planning the 132kV system. The appropriate feedback should alsedretgiBPDB and Power
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Division in MoPEMR on the power network plan made by PGCB, in order to reflect its results and
correct information in the Government to Government projects. The following countermeasures
should be implemented.

A The institutional fraraworks should be established among BPDB, Power Division, Distribution
Companies and PGCiB sharehe necessary informatigreriodicallyin order to make the power
network system plan.

A The reports on the power network system plan are published period{eatyy halfyear or

annually) to share information on the status of making the plan among the abovementioned

related organizations. PGCB reports on the future projects for transmission lines and substations
required, from its technical viewpoint, BPDB, Power Divisionand distribution companies.

The rules for power network system planning should be clarified, published and open to the

public as a part of the Grid Code.

>

2) Rural Electrification

In this sense, a good communication and coordination betB&EB and IDCOL is required;
however, it is observed that such communication or coordination is not taking place. IDCOL is
communicating to BPDB for project planning, but BPDB seems not liaising with BREB properly. If

the Government seriously pursue thdhace v e me n't of AEl ectrification
communication and coordination between BREB and IDCOL must be taken, and both parties (and
BPDB as a coordinator too) need to improve in this area.

2.8 O&M Legal Framework [O&M]
(1) Human capital devepment and supporting organizati@@apacity building)

1) Short term

The Bangladeshi government would organize a specialized committee which legislate some act related
O&M.

In terms of short term, the suitable method of bringing up talented perspedialized committee

would be that they study to development some laws related to O&M under the specialist's instruction
after the specialist for making O&M act in developed country, like Japan, invited from overseas to
Bangladesh.

It is highly likely to be difficult to enact laws and regulations mandating regular inspection and to
establish a system for the supervision of the facility maintenance by authorities in a short period of
time. It is worth studying the feasibility of taking proactive measureh a8 introduction of various
regulations and technical standards for the maintenance of power generation facilities used in Japan as
the standards for the maintenance of power plants in Bangladesh and maintaining the plants using the
introduced standardsefore the enactment of all the required laws and regulations. It is recommended
that the power plants to be constructed, in particular, be operated in accordance with a schedule that
includes the schedule for the maintenance from the beginning of tieetiom.

2) Mid/long term

In terms of midlong term, one of solutions developing human resources is that the members of
legislation committee would be dispatched to developed foreign country to learn the real O&M legal
framework and actual situation of @& in a power plant, and the members might bring back
knowledge of the useful laws to Bangladesh. In addition that is better to continuous study the
operation status of power plant in developed nation, and also research the history of O&M act
reformation, hat would become to good samples for Bangladeshi O&M act.

2-15



Power System Master Plan 2016
Final Report

2.9 Thermal Power Plant O&M [O&M]

(1) Infrastructure

1) Short term

In the short term, we consider that enhancement of power generation capacity is a priority in order to
meet the demand growth arehuirements from the industrial sectors. In particular, some of the aging
power facilities need to be replaced with, or converted into higher efficient units. The study team
proposes two plans as power plant remodeling plans. One is a rehabilitatioforpleld steam
turbines which were built by Russia. The other consists of three different levels of conversion into
combined cycle units. Those plans can be implemented with proven technologies of Japanese

engineers.

| S U, S,

A2 A
Source: JICA Surveyeam

Figure 2-7 SteamTurbine Rehabilitation Plan
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Figure 2-8 Combined Cycle Power Generation RemodelingPlan
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2) Mid/long term

Those proposals mentioned above can be a quick solution to the power shortage problem of Bangladesh for
a short time period. After the completion of the remodeling works, application of proper maintenance is a
key to successful capacity emitement.

(2) Human Capital Development (capacity building)

1) Short term

In addition to measures to reinforce the capacities of power generation facilities, preventive
maintenance of these facilities was considered important for the maintenance oapiaeities and

the maintenance and improvement of their operational efficiency in this survey. It is necessary to train
maintenance engineers for the appropriate implementation of regular inspection as part of preventive
maintenance. A study will be condad on the possibility of establishing an independent organization
specialized in the maintenance and repair of the facilities and using the human resource development
service of this organization as a measure to cope with the problems of the shortegaahtenance
personnel and budget at the stawened power generation facilities.

In general, the scarcity of skilled engineers undermines operational efficiency and lack of maintenance
of facilities. To cope with this problem, the survey team suggestaining facility with equipment

and materials which are actually used in power facilities, like a power plant silulator. While most of
the trainings are carried out in a traditional classroom setting in Bangladesh, the proposal puts an
emphasis on theractical exercises by using effective training materials. The proposed training has
two main courses, one of which is a course for plant operators, and the other is a course for
maintenance engineers. Both courses lead to certifications in the respexdvefahe education. The
proposals include the facility and training items described below.

A further study will be required before deciding whether such training will be provided by an
independent organization to be established or by each power company.

IOperation course }—Newempioyee training *Basic safety action in facility operations
Operation staff training *Startup and shutdown of units and LNG facilities
Risk management training *Operating skills for dealing with output variation and
facilities and switching auxiliary equipment

*Skills to ensure the coordinated operation of units and systems
*Knowledge for detecting abnormalities in the facilities,
based on instrumentationand alarms
*Information communications for risk management centeringon
safetyand disaster prevention

lMaimenanoe e I— Basic business training —< Mechanical>
Basic skills training *Practice in various types of non—destructive testing,
Advanced skills training scaffolding assembly, handling of measurement device
Specialized external training *Disassembly , inspection and reassembly test of pump, compressor
*Inspection adjustment, and testing of turbine control facility

and safety equipment

< Electrical>
*Inspectionand practice on in—board wiring and connections
*Disassembly, inspection, reassembly, and testing of

metal clad switchgear and power center
*Disassembly and reassembly of electric motors, AVR characteristic
*Adjustment and testing of protective relays
< Control>
*Disassembly, inspection, reasse mbly, and testing of various types of
instruments
*Disassembly, inspection, reasse mbly, and testing of control equipment
using water circulating facilities
e Unde rstandingof dynamic characteristic of APC control equipment
and troubleshooting

Source: JICA Survey Team
Figure 2-9 Training CoursePlan
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2) Mid/long term

The training courses should be extended to higher levels of education for instructors. In the short term,
instructors can be provided from other organizations; however, a scarcity of instructors will be the
biggest problem in the future. In order to fill the gap between training demands and instructors
provided, skilled workers at operating facilities can bkzaed. A workforce rotation program should

be introduced to enable new employees to learn from the skilled workers who have experiences with
the actual equipment, while the career development plan for the instructors motivates them to take a
leave from lheir positions at their power facilities. The introduction of job rotation is recommended as

a measure to provide new employees with the opportunities both at power plants and at training
centers to learn the practical work performed in power plants frgineers who have ample practical
working experience.

(3) Thermal Power Plant O&M Information Management

1) Short term

After the completion of the development or enhancement works of power facilities, it is important to
maintain their capacity and effancy. The objective of the organizatiside information
management system is to facilitate maintenance planning, budget control and procurement
optimization. The functions of the system include the following.

A Maintenance PlanningTo encourage plant magers to make feasible plans for maintenance.

A Budget ManagementFor prompt decision making on financial matters and reduction/removal of
delay in maintenance activities.

A Maintenance Work Managemetifo keep maintenance projects within budget and tizmeds.

A Failure History ManagemenfTo provide supporting data for budget and plans.

Expected results (Quantitative Effects) are:
A Reduction of maintenance cost

A Reduction of frequency of forced outage
A Reduction of forced outage hours

In order to maximizahe effectiveness of implementation of information management, a feasibility
study is expected to be carried out in pursuit of the following information items.

Table 2-1 Items Required in Feasibility Assessna

Category Item Details

Computer Plant LAN Local Area Network availability in power plants

Ely?temk an Enterprise network| Network availability, connectivity among business units
etwor multiple locations, and its securitgliability and capacity.

Infrastructure

Data repository Data center location, storage capacity and scalability
Legacy systemy Legacy systems and legacy data.
and data integratiol

Management| Business process | Business processes in Maintenance Planning, BuClgettion,
Procurement, Work Planning, and their business requireme

Regulations  an( Regulations, standards, public authority reporting guideline

standards
Target Facility Facility type/age/capacity, location, future plans
Selection Requirement enhancement or replacement

Connectivity between facility and data acquisition devices

Source: JICA Survey Team
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