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Executive Summary

1. Background and Purpose of Study

The People's Republic of Bangladesh (hereinaftenned to as "Bangladesh") is pushing
forward its economic growth aggressively under the Vision 2041 aitmiachieve a higincome
country status bits 70th anniversary of independence. Bangladegtkso expand its economy
by more tharfivefold from now, andhusenergy demand wilinevitably increaseWith rising
global concerns on climate change, Bangladesh @ecktthe 2021COP26 held inGlasgow,
U.K. that the country willstrive for achievng anup to 40% clean energy use in its power
generation mix Thus, this Master Plan aims to create a-tmnbon economy with secure and
affordable energy supply.

Considering the recent movemeatsabove Bangladesh wanted to review the existing fong
term energy plans such as Power System Master 2046 (PSMP2016) / Revisiting Power
System Master Plan 2016 (Revisiting PSMP2016), BnEfficiency and Conservatiollaster
Plan 2016 (EECMP2016), and Gas Sector Master Plan 2017 (GSMP2017), and corikelidate
into a comprehensive national plan setting out a tangible and practicablepdexei@oadmap.
To this end Bangladesh requested Japannecessargupportin formulation of thelntegrated
Energy and Power Master Plan (IEPMRjth a view to sdéing out middle/long term energy
policies to establish a low carbon/decarbonized sociétg. Ministry of Power, Energy and
Mineral ResourcesMPEMR) of the Governmentof Bangladesh and th&apan International
Cooperation AgencidICA) discussed thaboverequest and signed the Record of Discussion on
14 March 2021.

In accordance with thaboveagreement, this draft IEPMFas beerdeveloped. It aims to
establish a clean and efficient energy supply/delrsystem as the platform for sustainable
development of Bangladeshalims todevelop a longerm energy plan up to 2050 wiltoncept
of “S plus3E” representingafety,Energy Security, Economic Efficiencgnd Environment as
the central pillarseach element of which denoting the following:

1>' Safety: energy must be supplied safely and stably

2>' Energy Security: maximize the use of indigenous energiespegqmhre energy import

infrastructure

3>' Economic Efficiency: preide modern/convenient energies at minimum/affordable cost;

4>' Environmentisecure sound environmental conditions bovder the GHG emissions to a

lowestpossibldevel.

1 https://unfccc.int/sites/default/files/resource/BAN  GLADESH_cop26cmpl6cma3_HLS_ EN.pdf
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2. Status and Issues of Energy Sector
2.1 Energy Demand

In Bangladesh, per capita toimary energy supply in 2020-21 was 331Kkg in oil equivalent,
which was below ontifth of the world average (1(8kgoe in 2023) In the energy consumption
traditional firewood and natural gas combined, mostly produced indigenocsbyrda for more
than 50%, followed by electricity and petroleum products as motor fuel. Eigctdnsumption
stayed at 560kWh/year in 2020 a 17.4% of the world average 3,212kWh in 2028 it will
expand vigoroushas the key driver to push the economic development while improving the
peoples quality of life.

million toe

35.0 Non-Energy

Industry : EP & Others
30.0
Industry: Coal

25.0 mmm Industry: Natural Gas

20.0 Transport

mmm Agri & Others
Commercial

Residentail: EP & Othe

5.0 Residential: Natural G¢

Residential: Biomass
0

1990 1995 2000 2005 2010 2015 2020 — Total
Source |EAWorld Energy Balances 2022
Figure S.2-1 Energy Consumption by Sector

The residential sector is the largest energy copsimBangladesh though its share is gradually
decreasing. It consumed 48% of the total energy in 2020, of which 55% was primary biomass
(mainly firewood) while consumptions of natural gas (26%) and ai¢gt{19%) are increasing.
Since city gas supply for the residential and concimésectors isegulatedoy the government
policy, domestic fuel demand replacing firewoodasising aapid increase of LPG import. It is
necessary tocensurea sound balancef city gas, LPG and electricity to accommodate
modernization of energy in these sectors, in line with overall develoipptans of metropolitan
areas.The second largest sector is the industry sect@9%i; it mainly consumes natural gas
(45%) and coal (42%) while electricity consumption (12%) is increasing. riheportsector
energy consumption is relatively small in Bangladesh reflecting low @¢ioetiof private cats
but, judgingfrom precedents aithercountriesarobustincreasemay occuin the coming decades.
This Master Plan aims to introduce Electrical V8 EVS) proactively targeting the share of

2 Actual for Bangladests cited from Hydrocarbon Unit “Energy ScenaricBaingladesh 202@1” and the world
average from the IEA World Energy Balances 2@igo for the per capita electricity consumption.
3 Electricity generation for Bangladesh, while elity consumptiorfor the world average.
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EVs in the vehicle stock in 2050 to be 40% for Passenger Light Duty VehiclB¥éPand 10%

for trucks and buses. Nevertheless, oil consumption will keep increasingingfleigh demand
for mobility. In the agricultural sectom certain amount of diesel is used by pumps for the
irrigation system.

TWh
900 Total Supply 79.91 Captive Producer
80.0 510s mmmm Others
70.0 (]
60.0 63.35 mmmm Agricultue

' 22% Indust
50.0 34.48 i _
40.0 Business/Commercial
30.0 Gird S“pp'ﬁ 2248 = Transport
200 471 ledd 22% 45% Residentail

: > ondil Grid Sypply .
10.0 £30/ Jammm— 4o | | | T e Grid Total
e 44% 32% .
) 26% Electricity Total
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Source: IEA World Energy Balances 2022

Figure S.2-2 Electricity Consumption in Bangladesh

In 2020, electricity comprised 23% of the energy consump@drthe foregoing,45% was
used in the residential sector while 43% was umdtie industry sector am-gird and captive
power generation combined. Electricity demand recorded a transitory jump in 201&uhgt s
downward in 2020 affected by ti@OVID-19 pandemic. In the long run, however, it will come
back on to the previous trend and will expaodsiderably

2.2 Energy Supply

Energy utilization in Bangladesh have historically dependedaosystem developed with
indigenous energies; conventional biomass and natural gas combined exbeeetedirth of
the total energy supply. A small amount of petroleum products as motor fuearidrandustry
use wasmported but the import ratio renmad below 20%. However, signs of peaking in natural
gas production have creatadoncern on stable supply of energy and poigading to import of
LNG and coal since 2018. The import energy ratio jumped to 33.1% in 2020. On the other hand,
while construton of fundamental energy infrastructure is essential to support economic
development and better quality of life, it is also an important issuehéorgbvernment to
implement efficient and lowezarbon use of enerdgy cogng with the global warmingssues
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Figure S.2-3 Primary Energy Supply in Bangladesh

Presently most of the power generation is driven by natural gas; it amoamgth tof the
entirepower supply including the grid and captive generations combined. Some dual fuel power
plants are run by oil as and when requii®chall scale generators are run in rural aredsdigsel
oil, while coal fired power generation started in 2006 at a mine mouth aha at Payra on
imported coal in 2020. Hydro remaimsa limited amount as the country is geologicadiyeted
in the estuary of big rivers.
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Figure S.2-4 Power Sources in Bangladesh by Energy Input

3. Energy Demand Outlook
3.1 Methodologies and Assumptions

An econometric model is developed for projection of energy demand outloaigyEaemand
functions are estimated by sector applying regoesanalysis in relation to GDP, energy prices
and other relevant factors based on the histadi@ia; the IEA statistics is mainly usedarergy.
Subsequently, energy demand is estimatég applying the demand functions and external
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assumptions/projections for future GDP, energyegsicenariasand other factordn this process,
assumptions on economic growth typigaepresented by GDP growth rate, population dglpw
energy price scenario and evolution of technology progress have substapsiats on the
projection. Assumptions are developed, at the outbreak of the COVID-19 pandsriuliows.

1) GDP Assumptions

Three cases are examined for the GDP projectiorghndrie;

a. PP2041 Case; based on the projections of the Perspective Plan 2041, which seeks for

an optimistic economic growth to achieve a higitome country status by 2041
accelerating development.

b. IMF Extension Case; based on the projections of the IMF World Economic Outlook,
which envisages a relatively moderate growth.

c. In-between Case: a projection irbetween the above two cases, which may represent

a view to achieve a steady development.

3.0 100%
2.6 909 PP2041 |In-Between| IMF Ext.
2000 5.3%
2012 6.5%
19 0% 2019 8.2%
60% 2020 3.4%

25 80%

2.0

trillion USD (2010 price)

2021 6.9%
2025 8.0% 6.9% 7.2%
Lo aom 2030 8.9% 7.7% 6.6%

10 30% 2035 9.4% 8.2% 6.0%
200 2040 9.8% 8.6% 5.4%

05 02 o 2045 8.5% 7.3% 4.3%
2050 6.8% 5.6% 3.6%

15 50%

0.0 0%
2000 2010 2020 2030 2040 2050 2000 2010 2019 2030 2040 2050

PP2041 In-between IMF Ext Primary Industry = Secondary Industry = Tertiary Industry

GDP Composition GDP Growth Rate

Figure S.3-1 Scenarios on GDP Growth

This MasterPlan adopts thd®P2041GDPcase, the basis for the present national developmen
plan, as the main scenario and an exercise case t the IlBBetween GDP case.

2) Population Growth

Projection byPerspective PlaB041is adoptedasically which envisages that the population
of Bangladesh will grow from Bmillion in 2020 to 191 million in 2030, 210 million in 2041
and 214 million in 2050 &t rate 0f0.9% per annum on average but decelerating gradually.

3) Energy Prices

Price scenarios are assumed bylHRMP Study Tearbhased on the IEA World Energy Outlook
2021. They are set forth differently on three technology evolution scenarios amedph
Section3.2. Inthe Advanced Technology Scenario (AT$he central scenario adopted in this
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Master Plan, international oil price is projected to rise from 2020 to 208@dbay the sustained
demand recovery from COVHD9. While the international natural gas price rose in 2€#4,
ATS assumes that the markell calm down toward 2050 since developed countries will reduce

fossil

fuel consumption and their natural gas demands will decline in the longlen.

internationahydrogen and ammonia pricareestimated by the Study Team assuming a declining

trendover time

Table S.3-1 Assumption on Future Energy Prices

Real Term (US$ 2020)

Qil Coal Natural Gas Hydrogen Ammonia
(US$/bbl) (Us$/tonne) (US$/MBtu) (US$/Nm3) i (US$/tonne)
REF | ATS | NzS REF | ATS | NzS | REF . ATS | NzS | Allscenarios All scenarig
2020 41.3 60.8 8.3
2030 77.0 66.5 56.0 77.0 72.0 67.0 8.5 7.0 5.4 0.28 300
2041 83.1 67.9 52.7 73.2 69.0 64.8 8.7 7.0 5.3 0.23 278
2050 88.0 69.0 50.0 70.0 66.5 63.0 8.9 7.1 5.3 0.20 250
Nominal Term
Oil Coal Natural Gas Hydrogen Ammonia
(US$/bbl) (US$/tonne) (US$/MBtu) (US$/Nm3) | (US$/tonne)
REF | ATS | NzS REF | ATS | NzS | REF . ATS | NzS | Allscenarios All scenarig
2020 41.3 60.8 8.3
2030 108.2 93.4 78.7 108.2 101.2 94.1 11.9 9.8 7.6 0.39 409
2041 163.9 134.0 104.0 144.4 136.1 127. 17.2 13.9 105 0.45 315
2050 229.4 179.9 130.3 1825 173.4 164. 23.2 185 138 0.50 32 6

Source: IEPMP Study Teaim reference to IEA World Energy Outlook 2021

3.2 Scenario Setting on Technical Progress

On

evolution of energy related technologies and policies that will guide teetidir and

indicate the goal to be pursued in this Master Rlmee scenarios are considered as below:

z

Reference Scenario (RER soecalled business as usual case wiggrergy consumption
will follow the past trends. Technology development and improvement iityqaglife
will progress likewise as observed in the past.

Advanced Technology Scenario (AT 9 top ofthe REF, utmost efforts will be made to
keep energypasel emissions of GHGs as low as possible, while asgwdequate and
stable supply, introducing energy conservation mexssand adopting cleaner energy
options that are affordable and practicable.

Net-zero Scenario (NZSWnder the NZS, Bangladesh is assumed to achieveenet
emissions of energgased GHGs by 2050y applying everyavailableoption and, if
insufficient, by regulating energy consumption.

It should be noted that in reality, given the development stage of Bangladesh yamgom
difficulty of the expected path outlined by the NZS, the targar yor the Bangladesh
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economy to reach net zero emissions will be 2070 or after.
These scenarios are compared as shown in Tab2 S.3

Table S.3-2 Scenario Setting for Energy Demand Forecast

Reference Scenario (REF) Advgg;:r?:rl)ecz_r;glogy Net Zero Scenario (NZS)

The past trends will continue Energy and environmental policies
based on the existing energy and to ensure stable energy supply Greenhouse gas emissions will be
Characteristics environmental policies. and strengthen climate action will net zero in 2050. The transition
Radical changes will not take place be successful to a certain extent. path toward 2050 is estimated by
on energy efficiency and low Introduction of advanced backcasting approach.
carbonization policies. technologies will progress.
. ignifi i I
Progressively strengthen low- _S|gn|f|ca_nt progress in Extr_emey strong energy and
. 2 . international cooperation along environment policies are
Policy carbon policies as observed in the . . . -
with strengthening domestic necessary to achieve net zero by
past developments. L
policies. 2050.

Assume technologies to reduce

Efficiency improvement follows Technology progress accelerates o
greenhouse gas emissions to net

past trends. cost reduction. 7610 in 2050

Technology Cost reduction like past trends. Strengthening regulations and Timing and aimount of introduction
Spread of low-carbon technologies guidances accelerates of each technology are assumed
through regulation and policy. dissemination.

by backcasting approach.

Note: Forthe purpose of calculation, NZS (Net Zero Scen&@50 is developed arbitrarily. Hence, Bangladssh i
planning to adopt NZS (Net Zero Scenario) by 2070.

1) Technology Setting

Starting from the Referen@&cenario, significant technology progress is assulmeATS and
NZS, main items of which are as summarized in TaRIe83 and S.34. These projections are
made not orthe review on individual technologies bubn an overall review of studies and
analyses available at present. For example, gresgyconservation is thought to have improved
at around 2% per annum in the pastording to various studies; this is incorporatettie energy
demand functions for REF. In view of this, an additional 50% (annual +1% = 2% x 50%)
improvement is assumed for 8Tand a 100% for NZS.
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Table S.3-3 Technology Setting (Demand side)

Electrification

Demand Side Net-Zero Scenario (NZS) Advanced Technology Scenario (ATS)
Energy -43.2% (-2.0%/year) in 2050 from the REF level, -24.5% (-1.0%/year) in 2050 from the REF level,

Conservation holding other conditions constant holding other conditions constant
Industry +15% points in 2050 from the REF level, holding +10% (+5%*) points in 2050 from the REF level,

Electrification

Sector other conditions constant holding other conditions constant
Non-electricity energy will shift to hydrogen
Hydrogen L BY yeeog ==
through 2050.
IMF Ext: +130% in 2050 from the 2019 level, In- IMF Ext: +5% in 2050 from the 2019 level,
Fuel Economy i ) i -
between: +170%, PP2041: +200% In-between: +35%, PP2041: +65%
100% of passenger light-duty vehicles (PLDVs) and ; :
About 40% of PLDVs and 10% of TRBSs will shift to
Road Sector |gys 90% of trucks and buses (TRBSs) will shift to electric i
7 e EVs in 2050.
vehicles (EVs) in 2050.
10% of TRBSs will becom e fuel-cell vehicles [FCVs)
Hydrogen 1 ==
in 2050.
Energy -34.5% (-1.5%/year) in 2050 from the REF level, -13.1% (-05%/year) in 2050 from the REF level,
Residential Conservation holding other conditions constant holding other conditions constant
Sector +15% (+7.5%*) points in 2050 from the REF level,
Electrification 100% electrification . .
holding other conditions constant
Energy -43.2% (-2.0%/year) in 2050 from the REF level, -13.1% (-0.5%/year) in 2050 from the REF level,
Commercial [Conservation holding other conditions constant holding other conditions constant
Sector

100% electrification

+1% points in 2050 from the REF level, holding
other conditions constant

Plausibility of these assumptions and scenarios tmistiscussed and reviewed periodically.

* ATS In-between & ATS IMF Ext cases

Technologies may develop faster or slowkan are presently projected Even innovative
technologies and institutiofieeyond thepresent horizon magmergean the future, while some of
ongoing attempts would not fully materialize. We should keep our eyes odéeiopment.
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Table S.3-4 Technology Setting (Supply side)

Supply Side Net-Zero Scenario (NZS) Advanced Technology Scenario (ATS)
Solar PV (Solar {16 GW in 2050 with land use Solar PV (Solar |6 GW in 2050 without land use
Park, Irrigation) [restrictions Park, Irrigation) [restrictions
Solar PV (Roofto éZ.G.W in 2050 on rooftops of the Solar PV (Roofto iZ.G.W in 2050 on rooftops of the
Renewables uildings uildings
Onshore wind  [5 GW in 2050, mainly coasts Onshore wind |5 GW in 2050, mainly coasts
Offshore wind 50 QW (near seas + EEZ) in 2050 eX Offshore wind 15 QW (only near seas) in 2050 excl
heritages heritages
Nuclear Eight (8) units by 2050 Six (6) units (four (4) units*) by 2050
) 50% ammonia co-firing around 2030 and 100% ammo|20% ammonia co-firing around 2030 (2035*) and 50%
Coal-fired single-firing around 2042 ammonia co-firing around 2035 (2040%)
Power 100% hydrogen single-firing will start around 2G8f 20% hydrogen co-firing will start around 2035 (2837
Sector Gas-fired replace 70% of gas-fired power through 2050.GasHir |50% hydrogen co-firing will start around 2040 (2845
with CCS will start around 2036 and achieve 30%heof |Gas-fired with CCS will start around 2036 (2046t a
gas-fired power in 2050. achieve 77 TWh (38 TWh**) in 2050.
Oil-fired For about 1% of grid net power generation in 20dil-, For about 1% of grid net power generation in 20dil-,
fired power will remain through 2050. fired power will remain through 2050.
Conventional captive power will remain a little2050,
Captive Conventional captive power will be zero in 2050. while high-efficiency co-gen system wil be intreed from}
2031 and reach 300 MW (app. 30 MW*10 towns) in 20
nationally.
Import 15% of total electricity demand through 2050 Less than 12% of total electricity capacity thro®§i50

* ATS In-between & ATS IMF Ext cases
** ATS IMF Ext case

2) Comparison of Three Scenarios

Preliminary evaluation was made on the three saear terms of their appropriateness and
practicability applying two indices, namely, energy efficiemgjex and decarbonization index,
where;

CO; Intensity: CQ/GDP=(TPES/GDP) x (CE&TPES)

The energy efficiency index (EEI: TPES/GDP) dedimdong with technology progress and
energy conservation efforts. Applying the PP2G41Pcase, it falls 64% between 2019 and 2050
in REF @t 3.2% annual decline), 69% in ATS (3.7%), and 78% in NZS (4.7%).&feeence,
India’s EEIl decreased by.4% annually between 2010 and 2019, and China’'sbyE3.5%
annually between 1996 and 2019 after achieving the US$1i8@010 price) of real GDP per
capita, respectively, which is close to the presiniationin Bangladesh. The estimated EEI
improvement in ATS is almoshe same with China’s experience, and in NE& considerably
greater than thabove

EnergyrelatedCO f emissions will be the largest in REF, followed by ATS &lxs. It will
grow significantly in REF ta#01 million tonsCO f in 2050, which is about a half of Jafmn
emissions in 2019. In ATS, it will grow moderately2®6 million tonsCO., almost two thirds of
that in REF. The emissions of NZS PP2041 are, by definition, almost zero in 2050.
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Figure S.3-2 Comparison of Three Scenarios on Technology Development

Decarbonization Index (DCI: COTPES) follows very dierent paths ithethree scenarios. It
will continue to grow in REF, while it will gradugl decline in ATS. In NZS, applying
backcashgapproach, it needs to drop sharply to achieve net zero in 2050. It is appdiféodly
without placinganextrane stress on the economy.

It is not an easy task to reduce carbon emissiotisel process of economic development. In
Asia, no countryjncluding Thailand, Indonesia, China, India, and Vietham, $izsceeded in
reducingDCI on average in the industrialization period after achieving US$1,300 (201pqdrice
real GDP per capita. It is really a challenginktasreduce DCI in the industrialization stage,
save for the NZScenariawith substantiadlifficulties.

Based on the discussion above, the energy demand/supply forecast is run on the Advanced
Technology Scenario (ATS) with two GDP projections of PP2041 case @whheen Case.

The Bangladesh government prefers the AT-Bétween caséo be choseas the basis for the
Power Development Plan (PDP).

3.3 Energy Demand Outlook

In keepingwith high economic growth, final energy consumption of Bangladedtrexpand
3.75-fold between 2019 and 2050 for ATS scenario with PP2041 GDP assumption at an
average annual growth rate of 4.4%, while it will exp&ih-fold at annual 3.8% with In
between GDP assumptions.

X Industry sectarto lead the country’s economic growth, energy consumption will rapidly
increase even after introducing significant en&ffjgiency and conservation measures.

x Transport sectorfuel consumption will grow fast to reflect increasing demand for
mobility.
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X Residentialsector energy consumption at home will remain relatively slow. This is
because inefficient traditional biomass, mainlgwood, will be replaced with modern
energis such as electricity and LPG accompanied by sotistaefficiency
improvement.

x Commercial sectoenergy consumption will grow fast to support modernization of life
and society, but the overall amount will remairatiekely small.

X Agricultural secta continues to consume certain amount of energy for irrigation and
agricultural machines.

X Nonenergy sectorenergy consumption will expand mainly as feedsfocKertilizer
and petrochemical industries. Sectoral trends matyaed as below.
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Figure S.3-3 Final Energy Consumption by Sector

Among energy sources, electricity consumption gibw as the largest energy provider, and
oil consumption will also grow fast mainly as transportation fuelth@rother hand, natural gas
consumption will remain relatively slow reflectingergy efficiency and conservation efforts in
the industry sector and less utilization in thedrogsidential and commercial sectors. This is
partly because household sector is assumed to R&e tlassikd as oil, instead of city gas.
Cooking fuel selection must be reassessed to find an appropriate solution. {Omakcaensumed
only in the industry sector for certain heat demand. Consumption of tratitimmaass will
decrease and will almost disapp@athe 2040s.

The magnitude and structure of the electricity demand are most importantuiiasieous
achievement of high economic growth and carbon neutrality. The national power derttand wi
expand 7.82old in the PP2041case between 2019 and 2050, and 5068 in the In-Between
case as shown in Figure 813
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Figure S.3-4 Final Energy Consumption by Source

In orderto construct a lovcarbon economy, every clean energy such as nuclear, yiao,
PV, wind, CCS$, ammonia, hydrogen, etc. must be introduced extensively. In contrast, the
conventional fossil fuel ratio including naturalsgased at captive and-generation users needs
to be decreased from 91% in 2019 to below 60% in 2041 and about 40% in 2050.
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Figure S.3-5 Outlook of Electricity Supply Mix (TWh)

4. Energy Supply
4.1 Power Supply

To accommodate the increasing demand, power generation capacity will bdezkpatiold
for the ATSPP2041 case and 5.2-fold for the AT SBletween casbetween 2021 and 2050. The

4 Carbon Capture and Storage/Sequestration (CC®} smenergy but a technology. However, as it téfsarbon
emissions, CCS is treated as if a sort of cleanggrie this report.
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existing power plants will gradually retire to 6.7 GW in 2041 and almost nil by 2050. Negv pow
plants must be constructed in a grand scale. In the course of the power develapigerftcant
amount of clean generation will beroduced to ensure the country’s commitment éate a low
carbon economy.

Fossil fuelthermal powegeneratior(including those with CCSccounts for the majority of
the power source during tipeojection periodbut its shareleclines significantly frorthe present
93% to aound60%in 2041 andurther downwardn the following yearsNatural gas will be
dominantamong fossil fuelss it is cleaner than othe@il-fired thermal power, which currently
accounts for 34% of thetad, will gradually decline due to retireme@oalfired thermal power
currently accounts for 8%, and will increase to 20% in 2030, but will drop to 2% in 2050 with
gradual retiremerfor the PP2041 caskonger plant life is considered for gsexoal pover plants
in the In-Between case. Theimcrease in natural gas plant will bentrolled and clean power
generation will be introducegatoactively Towards 2050, the ratio of wind power and hydregen
fired thermal power will increase, and the composition ratio in 2050 wilbtednd 5% for the
PP2041 case ariB% and 10%respectivelySincegrowth of the electricitydemand and¢hence
carbon emissionis slower for the IrBetween casentroduction ofthe expensive hydrogefuel
is slowercompared with ta PP2041 case.
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Figure S.4-1 Power Generation Mix (Installed Capacity): PP2041

In addition to the substantial construction of the power generation sysé@smission and
distribution systems must be developed in alignment atitler social sectors. In particular, the
modern metropolitan power system should be designed in line with city developmentpla
theseefforts modern innovative technologies with digitization must be introduced to create a
smart electricity system, which is particulaimyportant to efficiently utilize variable renewable
such as solar and wind as well as to cope withgésim daily load curve pattern.
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Figure S.4-2 Example of 230kV underground cable routes
4.2 Primary Energy Supply

Total primary energy supply (TPES) is a sum of the final energy consumpdtitudiag
electricity, a secondary energy, and the fuel input in power séctbe PP2041case TPES will
expand by about fotfold to 169 million tons oil equivalent (Mtoe) in 2050 from 44 Mtoe in 2019.
The size of TPES in 2050 is close to that of the United Kingdom in 2019. IT hévbetween,
TPES will expand by about thréeld to 138 Mtoe in 2050, which is close to that of Thailand in
20109.
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Figure S.4-3 Primary Energy Supply

Traditional biomass consumptiomainly firewood, is being replaced with modern fossil fuels
such as coal, obr natural gas. This trend continues and traditional biomass consumption will
almost disappear by 2050. On the other hand, clean energies saleln B¥swind, CCSnuclear
ammonia and hydrogen will be introduced. These clean energies witlte208&6 of the TPES by
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2041 and reach almost 30% in 2050.

Gas will remain as the largest energy sourceés Iteldively low carbon footprint and the
existence of domestic supply infrastructure wilefgegas as the most preferred energy. Clean
energies will increase the share, but the presémiapy energy supply mix will be kept by and
large while traditional fossfuels still playcertainroles.

1) Natural Gas

Natural gas consumption will expand 2d8d between 2019 and 2050 ftre PP2041GDP
case and..7-fold for the In-Between caselhe nain driver is the power sector. Because of its
lower carbon footprint among fossil fuels, natural gas consumption by poster &dl expand
3.6-fold in the PP2041 and..6-fold inthe In-Between during the same period. As illustrated in
the figure below natural gas demand will be greatly affected by dhectricity demand and
sdection of fuel to aim at low carbon society. The industry sector gas cptisanwill grow
steadily but in relatively small quantity. The residential sectorrabyas consumption is
projected to reduce in view of the present national policy. But thysweed a review as discussed
below.

100 100
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Mtoe
Mtoe

In-Between

mLoss, etc.

80 80 .
72.4 Grid

u Captive
60 60 Non-ener
47.4 o
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| | 40.4
40 40 34.8 B Commercial
30.1 Bl . .
25.5 —_— 255 256 Residential
— 20 16.6 u Other transport

—
7.4 |~ | ] ® Road

e 28 39 7.0 B2 e Ind
0 0.9 . - ustry

2000 2010 2019 2030 2041 2050 2000 2010 2019 2030 2041 2050

20
7.4

— 7.0 9.6

e
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Source: IEPMP Study Team
Figure S.4-4 Natural Gas Demand Outlook

Historically natural gas has supported energy supplh\Bangladesh. Gas resources are
depleting and various countermeasures are prossras to reactivate existing onshore fields
and toexplore offshore blocks. However, production is forecast to decatinen if highrisk
potentials such as offshore potentials are developed

The supply gap against the increasing demand will be filled M@ import. In addition to
the presently operating two FSRUs (Floating Storage and Regasifithnit), plans are orggng
to install additional two FSRUs and one onshore LNG terminal. These witlesttifé requirement
of the LNG import capacity until thaid-2040s. However, unless the abovementioned-higih
potentials are materialized, additional plans nxestonsideed to starby as early as 24D.
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Figure S.4-5 Natural Production Outlook

It should be noted that, in the central scenartbisfMaster Plan, natural gas use as city gas is
projected tadecreasén the long run. This policy reflecthe declining trend of gas resources as
well as the obsolete city gas infrastructure amHfashioned market structure. Biomass notably
firewood is widely used in Bangladesh and still amounts/tsthirds of the home cooking fuel.
This is being replacetly LPG quite rapidly. If this policy continues, a huge number of LPG
cylinders must be distributed by trucks. This will significantly impthet already congested
traffics in the metropolitan areas. It is necesstryreconsider the policy on appropriate
distribution of cooking fuel among city gas, LPG and, to selesgent, electricity.

MTPA
80.0 =3 Additional LNG: Contingent
70.0 : =3 Additional LNG: Base
New (contingent)
60.0 mmm  LNG: Onshore Moheskhali
50.0 === LNG: Additonal 2 FSRUs
40.0 mmm  LNG: Existing 2 FSRUs
30.0 =3 Production: High-Risk
20.0 == Production: Low-Risk
10.0 === LNG Demand: Petrobangla
0.0
(10.0) === LNG Demand: PP2041
10.
LNG Demand: In-Between
(20.0)
(30.0) —— Required Capacity: Petrobangla

2019 2030 2035 2040 2045 2050 —— Required Capacity: PP2041

: - : Required Capacity: In-Between
Note: LNG termial operation is assumed at 85% of the capacity.

Source: IEPMP Study Team

Figure S.4-6 Requirement for LNG Import Terminals

Bangladesh is not endowed with good deepwater points for ocean class pommpdiGolars
arenot free from this issue. In addition, as natural gas will domiaatthe main energy source
over time with its relatively low carbon footprint among fossil fueits transmission and
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distribution system must be further developed. Forstable andefficient operation, it is
particularly important to construct pipeline loapghe central area covering Dhaka and western
part of the country with multiple input points. Needless to say, gas systend $e upgraded to
eliminate leakages and to bedgdor introduction of smart systems for efficient management of
the overall system.

2) Oil

Consumption of petroleum products is forecast to expand 7.6-fold between 2019 and 2050 for
the PP2041GDP case and.O-fold for the InBetweencase The increase wilbe mainly led by
motor fuel such as gasoline and diesel oil in response to increasing demamdbifity.rdiesel
and fuel oil are also used for sea and river wadgisport. The share of the overall transport secto
will exceed 60% of the oil demand in the 2030s.

» 60 » 60
g 2 m Dist. loss, etc
= PP2041 2 In-Between OSSR
50 50 Power
43.4
39.7 Refinery loss
40 - 40 30 Non-energy
8.1
30.7 : 28.8 = Agriculture
0 27 3 -
2sn Commercial
175 173 |88 Residential
20 . 20 . esidential
16 5= m Other transport
3.2 18.3 3.1 17.3
10 as 57 WEE 10 . 57 WA |Soy Road
3.1 / == 8.1 3.1 | —— 8.0
— -2 g m s EEORCER Industry
0 mor= EEZS _ o =ow= Whom o SN BN S
2000 2010 2019 2030 2041 2050 2000 2010 2019 2030 2041 2050

Source: IEPMP Study Team
Figure S.4-7 Outlook of Oil Demand

To accommodate the increasing demand, expansion of the national refipiagjtycds
projected. This plan aims to maintain certain independence on product supphe bssumed
capaity expansion is relatively small compared witk tlecent world trends in distillation unit
capacity ranging 16200 kbd.An in-depthreview is necessary to look intioe balance between
the domestic refinery and product import for reliable petroleum supply, ingtkir preferable
sitelocations.
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In this plan, after construction o
the Moheskhali LPG import termina Table S.4-1 Petroleum Supply Plan
with its handling capacity of 1.0

. i . |Unit: million tons per year 2021FY|2030FY;2041FYi2050FY
million tons per year, LPG import is [toaiiiquid fuel demand 12.3| 175 304 43.1
projected to grow significantly. Thig [Refinery production 20| 50 50, 8>

ERL-1 1.5 1.5 1.5
is mainly caused by increasing use ERL2 50 30 30
LPG for cooking. It is necessary ti | ER.3 (replace ERL-1) 5.0
. . . . . Other small refineries 0.5 0.5 0.5 0.5
consider the appropriate distributiol [product import (excl LPG) 89| 100 204 246
of cooking fuel among city gas, LPC | BPc@chittagong 4520 .30 50
. IBFPL 1.0 1.3 1.3
and electricity. SPM-1@Chittagong 300 9.0 9.0
Mew SPM@TBD (excl crude oil) 5.1 9.3
3) Coal HSD/FO for IPP 4.4 1.0 0.0 0.0
LPG 1.4 25 5.0 10.0

In Bangladesh, coal is mainly use |...Bsting LP¢ terminal ta) LS 20 20
. ) ERL 0.0 0.1 0.1 0.2
in the industry and power sector: [ iNaw (pG Tarminsle@ 18D O S -

Industry coal consumption is not s
large in comparison with other
countries sincetypical coal consuming industries such as cement and-trake blast furnace
steel production do neixistin Bangladesh.

Source: IEPMP Study Team
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Source: IEPMP Study Team
Figure S.4-8 Coal Demand outlook

Power supply with imported coal started at the Payra power station in 2020. Coal ppbasum
for power will continue to increase during the 2030s, but will gradually rimammoniecofiring
to curtail GHG emissions. Eventually, coal consumption for powdr peak and thedecreas
during the 2040sAmmonia cefiring and CCS, both technologies for reducing GHG emissions,
are still intheirinfancy, adoptionof themmust benvestigateaarefully An appropriate guideline
for use of coal as one of the primagnergies must bkaid out in view of economics, energy
security and environmental considerations.
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Utilization of domestic codlas some roltor establishment of reliable energy platform. Fegu
S.4-9shows the outlook alemand/supply balance obal. Although the gap with import is still
large at present, imported coal can be reducenl @ady stage of the projection by shortening the
preparation period for development of new coal mirfekid will be the case, it is also necessary
to identify the @propriae system to effectively transport the indigenows.co

(Milion tons of Coal) ATS PP2041 (Milion tons of Coal) ATS In-B
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50 50 Generation
45
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40 40 : etc.
35 35 .
24.3 27.6 —— Production
30 30 Case A
25 174 25 Power Generation Production
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lemmn/ 3.00 : 0 Crxwxxxoxx SR- 2 3.00 Case D
2019 2025 2030 2035 2041 2045 2050 2019 2025 2030 2035 2041 2045 2050

Source: IEPMP Study Team
Figure S.4-9 Demand/Supply Balance of Coal

4) Other Energy sources

To build a low carbon econontean energ supplymust expand rapidly, which include hydro,
nuclear, solar PV, wind, modern biomass as well as CCS, ammonia and hydrogetal Bagply
of clean @ergy will amount to 45.5 million toe in 2050 for the PP2041 GDP cas@7a@dhillion
toe for the InBetwea case. The share of clean energy will increasa fabmost nil in 2019 to
27% in 2050 for the PP2041 case.
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Figure S.4-10 Outlook of Clean Energy Supply

Among the energy sources, nuclear, hydro and @it$lay important rolesn Bangladesh,
geothermal resources amen-existenf andvariable renewable energies notably solar and wind
are relatively limitedasland available fotheseis limited due tohigh population density. Their
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introduction is scheduled at a maximum leneglsonablypossible but the share of these variable
new energies wilstill remain below 20% even in 2050.

On the way to become a clean energy economy as above, it is important to dexasltpra
plan onhow to take in these fadieveloping technologieapt onlyin the areas gfroduction and
import but als@f transportation, storage, and utilization of tharnile makingtimely investment
decisions. To start wittBangladesh should jothe relatedjlobal endeavarand tacklahe R&D
activities onthese technologies. It may start with study anddtigationandmay develop into
pilot projects and eventualtp commercial applications. Such activities vailkobring up experts
on these new technologies who are essential to theleuntry readyor a clean energy economy.
To enable this, Clean Energy Roadmap should be prepared, though many concepts and
technologies are still vague and uncertain at present, to identify the pathd/ayeps toward a
low-carbon economy.

4.3 CO;, Emissions

CO HPLYs/fioR energy use reflect the amount of fossil fuels in TPES. Tissiens of
ATS PP2041 will be relatively moderate ag3illion tonsCO- in 2050. That of ATS kbetween
will be even slower a&266 million tonsCO- in 2050.
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Source: IEPMP Study Team
Figure S.4-11 Energy-Related CO2 Emissions by Source

Energyrelated CO2 emissions will increase from 57 MtCO2e in 2012 to 170 MtCO2e0n 203
in the ATS PP2041 case. For methane, only naturdegiiage is considered, which would occur
along the supplghain, especially in the distribution system. li$sumed that 0.1% of the natural
gas sales volume leaks out from the system ashgedéfault IPCC value. Then, methane
emissions will slightly increase from 0.5 MtCO2e in 2012 to 0.7 MtCO2e in 203®iATS
PP2041 case. The total GHG emissions in 2030 will be 299 MtCO2e as estimatele i8.43.
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Table S.4-2 GHG emissions by sector/gas (MtCOze)

2030
2012 NDC ATS ATS Remarks
conditional | PP2041 | In-between

Energy 93.09 226.56 205.59 207.89|The figures in 2012 and NDC conditional are from Updated NDC.

Energy-

related CO, 57.4 169.7 172.1|IEPMP study.

Methane

from the gas 0.5 0.7 0.6|IEPMP study.

distribution
The figure in 2012 is calculated as: (Energy) - (Energy-related CO,) -

Other 35.19 35.19 35.19|(Methane from the gas distribution). The figures in ATS PP2041 and
ATS In-between are assumed the same as that in 2012.

The figures in 2012 and NDC conditional are from Updated NDC,
75.96 93.38 93.38 93.38|and those in ATS PP2041 and ATS In-between are assumed as the
same as that in NDC conditional.

GHGs other than
energy

Total 169.05 319.94 298.97 301.27

SourceNationally determined contribution and the IEPMBdyt

5. Other Important Investigations

1>' Strategc Environmental Assessment is conducted on the above plan. The outcome is
summarized in Chapter 8 Environment and Social Considerations.

2>' A detailed investigatioon the energy data management system is conductetisise
and quick data compilation is essential for business operations and policy making.
Analysis and recommendations are summarized in Segtddanergy Data management
system.

3>' An in-depthreview on the legal framework of LNG import is conducteihva view to
strengtheimg the legal systeras well as negotiation slsltelated td_NG purchase in the
international market. Analysis and recommendatamessummarized in Sectiord9.

6. Way Forward

In the voyage to materialize the Vision 204tierebyBangladesh will achieve a highcome
countrystatus by 2041, energy will play an important role to drive the developRanhe ATS
PP2041 case, energy demand will expand-®ibfrom now to 2050, while electricity demand
7.82fold showing that electricity will be the main eggrto drive the eamomic grovih. At the
same time, along the global movensem climate change, Bangladesh has determined tataim
buildinga low carbon society. For a country going to takéoward modernization, simultaneous
pursuit of these objectives will be a grehtllenge. Irconsideratiorof the current statusf the
nationand the pathway tis goal, it shouldbe noted thatparticularattentionbe given to the
following points in implementinghis Master Plan:

1>' Reconfirm the clean energy target as of 2041
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2>
3>
4>
5>

7>
8>'

Reinvent energy efficiency and conservation actions

Maximize the benefits oindigenousconventional and renewable resources
Strengthen the energy organizasancluding humamesources

Prepare market design and policy supportsliean energy developmien

Ensure afe and reliable nuclear power generation

Adopt noveland innovativeenergy technologies

Formulate a Clean Energy Roadmajpo promote introductionof low-carbon
technologies
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Integrated Bergy andPowerMasterPlan for Bangladesh

Part 1 Energy in Bangladesh:Present Status and Trends
Chapter 1 Development Goal and EnergWaster Plan

1.1 Background and Purpose of Study

In the People's Republic of Bangladesh (hereinaéfarred to as "Bangladesh”), per capita total
primaryenergy supply in 2020-21 was 331kg in oil equivalent, which was beloviftnef the world
average (1,8Lkgoe in 2020 In the energy consumption, traditional firewood and natural gas, mostly
produced indigenously, combined account for more than 50%, followed by electricity, andupetrole
products as motor fuel. Bangladesh is pushing forward its economic gmaatttivelyunder the Vision
2041 aiming to achieve kigh-income country status by the 70th anniversarytofndependence.
Bangladeslseeks teexpandts economy by more thdivefold from now entailingthe inevitable and
rapid growth inenergy denand. Among others, electricity consumptiper capita which stayed at
560kWh/year in 202@1 a 17.4% of the world average of 3,212kWh in 2924ill expandgreatlyas
the key driver to push the economic development while improving the pegpédity of life.

In order to accommodate the incsgwy demandwith affordable energy supplyarious challenges
must be overcome in relation to constraints on the indigenous energy resoawrgs/’sc energy
security, climate change issues, and so on. To thisBantjladesh has developed major kbeagn
energy plans such as Power System Master Plan(BEIMP2016) / Revisiting Power System Master
Plan 2016 (Revisiting PSMP2016), Energy Efficiency and Conservation M#&dter 2016
(EECMP2016), and Gas Sector Master Plan 2017 (GSMP2017).

Composition: 202

million toe US $per capita GDP
35.0

Heat

30.0 mmm Electricity
I 23.0%

25.0 I === Charcoal
20.0 I I I I Firewood

' n [ ll 26.1% mmm Other Petroleum Products
15.0 L1 I13 50 === Light Petroleum Products

. 0
10.0 LPG
B 31.0% Natural Gas
5.0 1
EERERIR === Coal
11 T1HL] 9
o INIRRRERRNRNA ANRARARANRRRNRENE sdoannlin 5% —coP pe (2015 Uss)
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Source:IEA World Energy Balances 2022
Figure 1.1-1 Final Energy Consumption of Bangladesh

Today, with rising concerns on climate change, the world is coming into the agergy éansition.
Considering the recent trends, Bangladesh wantexytew the existing ptes and consolidate them into
a comprehensive national plan setting out a tangible and practicablepegat roadmap. Thus, the

5 Actual for Bangladests cited from Hydrocarbon Unit “Energy ScenaricBaingladesh 20221” and the world average
from the IEA World Energy Balances 2022. Same smifor the per capita electricity consumption.
6 Electricity generation for Bangladesh, while el@ity consumption for the world avage.
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Integrated Bergy andPowerMasterPlan for Bangladesh

Bangladesh government requested Japan to support formulation of the IntegratgdaBdePower
Master Plan (IEPMP) with a vieto seting out middle/long term energy policies to establisiova
carbon/decarbonized societyie Ministry of Power, Energy and Mineral Resourdegd’EMR) andthe
Japan International Cooperation AgerfdiCA) discussed thaboverequest and signed the Record of
Discussion on 14 March 2021.

In accordance with theboveagreement, the draft IEPMP, as appended herewithdexleveloped
with a view to establishg a clean and efficient energy supply/demand systertha platform for
sustainable developmeof Bangladesh. It develops a lotegmenergy plan up to 2050 witnconcept
of “S plus3E” representingSafety, Energy Security, Economic Efficienand Environmenas the
central pillars each element of which denoting the following:

1>' Safety: energy nai be supplied safely and stably;

2>' Energy Security: maximize the use of indigenous giasr and prepare energy import

infrastructure

3>' Economic Efficiency: provide modern/convenient energies at minimundatiée cost;

4>' Environment: secure sound environmental conditions and lower the GHG esitesiolowest

possibldevel.

1.2 Study Framework

The study for drafting the IEPMP was conducted by the joint team of experts &nogtaBesh and
Japan. Under thdint Coordinatbn Committee (JCC), two steering committees (S@&sgnominated
for Balance of Primary Energy Supply/Demand and Power System Development. in8€rst four
technical working groups were nominated to look ispecific areas as assigned below

TWGL Study on energy demand forecast and demand/supply balance

TWG2 Development of power system including all of generation, transmissibdistnibution
TWGS3: Construction of energy data management system

TWG4: Study on legal framework faNG import



Integrated mergy andPowerMasterPlan for Bangladesh

Joint Coordination Committee

[ Steering Committee for } Steering Committee for ]

Balance of Primary Energy Supply/Demand Power System Development

TWG 4 TWG1 TWG 3 TWG 2
Legal Framework of Primary Energy Energy Data Power system
LNG Import Balance Management Development

Souce: IEPMP Study Team
Figure 1.2-1 Organization for Study

Local consultants were also engaged for effectimedact of resealt on energy consumption,
information gathering on electricity system plamgand strategic environmental impacts. For colbecti
of detail and accurate information on energy in Badgsh, their activities and analysis were highly
helpful.

Figure 1.2-1 shows the study flowAt first, following data collection, scenarios on the ldagm
energy demand outlook were developed by July 2022. Through feedback frorteast/ediscussions
with theMPEMR and a wide range of stakeholders, the main scenario was set out. It wasddiiowe
analysis on the power mix and the primary energy supply mix witlroemeental and social
considerations. Based on these analybesfirst draft ofthis Master Plan RepbwaspreparedThe
draft was reviewed and discussed closely at twoeBemeetings held in October and November, and
was revised and updated accordingly. In the course of the study, gaiisules on energy management
were also looked into, i.e., gy data management system and legal fraonkwn LNG import.

Data collection from utilities

Review the policies
and open sources

L 2 2
Develop the future scenarios Develop the demand forecast Assess energy A]sesgtzslsahld\lG :
model data institutional Strategic
¥ 9 management framework for environment
Estimate the future demand with Primary Energy Mixd Power Mix _system s its assessment
improvement .
3 9 improvement
Analyze primary energy / power Analyze economic and financial
supply to meet the demand impact
2 2 4 2

Formulate the integrated master plan

Provide capacityuilding programs

Figure 1.2-2 Flow of the Study

The Study team also worked closely with other ongoing projects as belowilngilggnented by
JICA to enhance understanding of related issues, eliminate duplication of worlhaneduseful
information among each other.

,  Financing Project for Energy Conservation (Yen loans)
, Preparatry Researcton Phase 2 diMatarbari Ultra Super Critical Co#&lired Power Plant
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(Research)

,  Project for Digitization of Gas NetworkyStem and Improving Management Efficiency in Gas
Sector (Technical Assistance)

., Research on Information Gathering and Confirmation on Strengthening Povier Gr
Connection in BBIN Countries in the South Asia Region (Research)

. Research on Information Gatheriagd Confirmation on Londerm Low Emissions Strategy
based on the Paris Agreement (Research)

,  Research on Basic Information Gathering and Confirmation (Research)

,  Capacity Building: Delta Plan 2100 (Country-Country Training)

In the course of the study, tistudy Teamhas implemented frequent and extensixehangesvith
stakeholders through individual interviews and opéstussions. Main stakeholders’ meetings were
heldthree timesnviting more than 1004articipants a$ollows:

1% stakeholders meeting3 November 2021 &heratorHotel. The inception meeting to present
and discuss the study plan and contents.

2" stakeholders meetin@ July 2022 at Intercontinental Hot&he interim meeting to present
and discuss thimterim outcome of the study.

34 stakeholders meetind3 December 2022 at Intercontinental HotdieTinal meetingd
present and discuss the Drifihal Report of the study.

In addition supplementaieetings were helidom time to timewith various bcused groups to obtain
information and comments. The StuBigamwould like to extendts great appreciation to all these
groups for their valuable information and comments.

1.3 Composition of Report
This report is stictured as follows:

Part 1 Energy in Bngladesh: Present Status and Trends
1>' Development goal and Energy Master Plan (Chapter 1)
2>' Present status and trends of energy and environment in Bangladesh and the worler RChapt
&3)

Part 2 Draft Integrated Energyd Power Master Plan
1>' Longterm energydemand outlook (Chapter 4)
2>' Energy supply: power supply and primary energy supply (Chapter 5 ~ 7)
3>' Environmental and social considerations (Chapter 8)]

Part 3 Building Prosperous Affluent Society
1) Specific analysis on energy management: energy rdateagemenand legal framework on
LNG import (Chapter 9)
2) Conclusion and recamendation (Chapter 10)
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This report is edited with a view to shingthe comprehensive flow of the overall analysis.réfare,
it is significantly simplified and only the gist aalysis $ presented-or detaiked backgrounddata,
analyses and discussions, please refApendiyes.






Chapter 2 Present Energy Status and Energy Policies

In the history of Bangladesh, conventional biomasd natural gas have betye main sources of
energy, while per capita energy consumption remained betwvfifth of the world average as
mentioned in Chapter 1. However, reflecting the economic growtledent years, this picture is
changing with increasing energy consumption in power generation and industriegrivcess of high
economic growth led by the gavenent, consumption of energy and power will be further accelerated.
This chapter analyzes present status and isstibe pfimary energy supply, electricity demand/syppl
energy utilization/efficiency anenergylegislation in this country.

2.1 Primary Energy Supply
2.1.1 Overview of Energy supply

Until recent yearsgnergyutilizationin Bangladestnasdepended on a small system developed with
indigenous energies; conventional biomass (mainly firewood) and ngasatombinecdomprised
more than 3/4 ahe total energy supplyA small amount of petroleum products as motor fuel and coal
were imported but thenergyimport ratio remained below 20%. However, signs of peaking in natural
gas production have created serious corsmrstable supply of energy and poyleading to expanding
import of LNG and coal since 2018. The import energy ratio jumped to 33.1% in&i028increase
in indigenous energy production is not expedtetthenear futureenergy import may increase rapidly.
On the other hand, while construction of fundamental energy infrastructure mgiaste support
economic development and better quality of life, it is also an important isstieef government to
implement efficient and lowazarbon use of energy to cope with the glathahate change issues.
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Source: IEA World Energy Balances 2022
Figure 2.1-1 Primary Energy Supply in Bangladesh

As status and issues on each enagymentare analyzed in depth idppendix A, they may be
summarized as follows

7 IEA World Energy Balances 2022, which is referrecs$ IEA statistics in this report.
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(1) Natural Gas

In the history of Bangladesh, indigenowuralgas has been the base energy source and natural
gas pipeline network is developed nationwide. More 6@ of natural gas is used for power
generation, followed by industry, residential ufestilizer production,commercial use and
irrigation for agriculture. On the other hand, exploration activitieeecent years are not so
successful and the production is apparently pealergertheless, natural gas is deemed to play
an important role to accommodate the iasiag energy demand as a toarbon clean fuel. To

this end, LNG import started in 2018 and is on an increasing trend.
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Figure 2.1-2 Natural Gas Consumption in Bangladesh
(2) ail

Oil consumption is at around10,000 barels per day (BD) and is mostly used as fuel for
automobilespower generation, and irrigation pumps. Oil is mostly imported except for a small
amount of condensate associated with natural gas produ@ioronsumption for power
generation increased aft2010.
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Figure 2.1-3 Consumption of Petroleum Products in Bangladesh
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There is a refineryn Chittagongwith a refining capacity of30,000BD, and very small
condensate fractionators around natural gas fields, while 90% of petrpieducts are
imported. To cope with future demand increase, expansion of the Chittagoegyrefiplanned
with atotal capacity ofL00,000BD. It is an important issue for the country’s energy policy how
to ensure expanding supply of petroleum products against fast increasing demand.

(3) Coal

Coal is one of the core energy sources for developing industry and power genirati
BangladeshDespitethe factthat tte first and only coal mine in the country, Barapukuria, started
production in 2005, the country’s coal supply mostly depends on import (82.3% in 2Q2@: Fig
2.1-1). A substantial amount of coal resources is identified in Bangladesh. Hodes¢o high
population density and anticipated impacts on agriculture, the primary ecoseator of the
country, it is necessary to solve a lot of difficptoblems before developing these resources.
Environment friendly advanced technology must be adopted for developing indigeralus
resource along with import.

(4) Conventional Biomass

According to the IEA statistics, tlantireamount of biomass consumptionaigributed tathe
residential sector. Almost all of it comprises paim solid biomass (firewood arahimal
waste$ while charcoal is less than 1%. Use of cleanakitm fuel is an urgent issue for
improving peoples quality of life, and thus promotion of gaseous fuel (city gas and LPG) and
switching to electricity should be listed among important policy tbgs.

(5) Renewable Energy

The amount of renewable energies introduced at the end of 2021 Wiid/7/@fAwhich 543MW
was solaPV and230MW hydrq while wind powerand biomass generatioemained at aery
limited level. In the course of future promotiasplar PV and wind are deemed to play the core
role in view of the resource potential. However, with dense populatimturementof
necessary land is an issue. It is also necessaghieve a manageable balance with the stability
of the grid when introducinvariable renewable energies such as solar ardl win

2.1.2 Organization for Energy Management

The energy and power sector in Bangladesh is under the jurisdiction ofrtiséryvof Power, Energy
and Mineral Resources (MPEMR). Under the ministrytlaed>owver Division (PD) andhe Energy and
Mineral Resources Division (EMRD). PD is resporesitdr electricity, while EMRD is responsible for
oil, natural gas and mineral resources.

Petrobangla is one of the stat@ned corporations under the EMRD and hassgliction over
mineral resources including natural ghblG and coal. Another public institution is tiBangladesh
Petroleum Corporation (BPQNhichsupplypetroleum products in the country.

Most of the energy operations in Bangladesh are run by theostatsl companies under the



MPEMR except foma small amount of import and sale of coal and LP@easribedelow:

a. Petrdangla:

Exploration, development and production of oil, natural gas and coal. Operation of nagural ga
pipeline network. Sale of natural gas and coal. Import and regasificatiowiGf L

b. Bangladesh Petroleum Guoration:
Import of crude oil and petroleum products. Refining and sale of petroleum products.

In the long run, it wilbe another important issue how to consider introduction of private sectors into
these operations in the course of developing the energy infrastructure tmuntry.

| Ministry of Power, Energy and Mineral Resources |

Energy and Mineral Resources Power Division
Division (EMRD) (PD)

/ Petrobangla \ /' PowerCell | BangladestPower Sustainableanm
| | Bangladesh Development Board | Renewable Energ

Petroleum (BPDB) Development
Hydrocarbon Unit| Corporation (BPC) PowerGrid Authority (SREDA)
Company of
Bangladesh BangladesiRural
] Bangladesh PP BangladestPower
Geological Survey Petroleum Institute) (PGCB) Electrification Management
of Bangladesh (BPI) Board (BREB) Instituted (BPMI)
Power
Departmenbf Bureau of Mineral Distribution i
p Companies Power Generation Bangladesh Energ

Explosive Development Companies and Power Researd
\ J Council(BEPRC)
Chief Electricity
\ Inspector's Office /
Source Ministry of Power, Energy and Mineral Resources

Figure 2.1-4 Ministry of Power, Energy and Mineral Resources Organization Chart

2.2 Electricity Supply
2.2.1 Electricity Demand

In Bangladesh, substantial efforts were made toldpaectricity supply system after the turn of the
century. Electricity supply jumped 6fdld between 2000 and 2020. A 100% electrification was
achieved in 2021. Nevertheless, electricity consumption per capitd&b60kWh in 202@1, merely a
17.4% of the world average (3,212kWh in 2020pmprising 23% of the country’s energy consumption
(as pefFigure 1.11). More than 40% of electricity is used by thedestial sector while more than 40%
is also used by the industry grid and captivgpower generation at industries combined.

8 Electricity generation for Bangladesh, while elity consumption for the world average.
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Figure 2.2-1 Electricity Consumption in Bangladesh

Electricity demand recorded a transitory jump in 2019, but remained dull in 202@dffgcthe
COVID-19 pandemic. In the long run, however, it is expected to grow steadily and wilbekted
of the present level by 2041 acdmg to the PSMP 201@herefore, itis essential to develop power
generation sources, efficient operation of them, and transmission arloutizt networks underan
appropriate planning.

Maximum Electricity Demand: GW

30.0
----- High (PSMP2016 with EE&C)
Base (PSMP2016 with EE&C)
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Source: PSMP 2016 and Power Division

Figure 2.2-2 Maximum Electricity Demand: Recent Years vs. Past Master Plan

As shown in Figure 2:2, the maximum electricity demand (MW) has beengasing slightly below
the projection in the PSMP 2016. Oribe impact of th€€OVID-19 pandemic is ceased, it will return
to the longterm growing trend. Since the electricity demand is expected to grow yramidl
encountering various impaa$ uncertain factorst is necessary toeview it periodically and fine tune
the development plans for power generation solasegell agransmissioranddistribution systers.



2.2.2 Present Status and Issues on Power Supply and Development

In Bangladesh, most of the power sources have been driven by natural gas; it dteotBfie of the
whole power supply including the grid andptivegenerations combined. Small scale generators are
run in rural areas with diesel oil, while coal fired powengration started in 2006 at a mine mouth plant.
Hydro remains at a limited amount as the countgeisgraphicallysituatedn the estuary of bigvers.

Indigenous natural gas supply has been stagnant in recent yeadyvarsglyaffecting operation of
the gadired power stations. Thus, LNG import started in 20%Bice here are also difficulties in
developing indigenous coal mines the Pagoalfired power plant was buitb run onimported coal,
and started its operation of Phdsé660MWx2) in 2020. In additiothe Rooppur nuclear power plant
(1,200MW x2) is being constructed a sitel40km west of Dhaka.

milliontoe
25.0

19.19 mm Hydro
20.0
Natural Gas: Captivt

15.0 Natural Gas: Grid

10.0 Oil

mmm Coal
5.0

——Total

.0
1990 1995 2000 2005 2010 2015 2020

Source: IEA World Energy Balaes 2022
Figure 2.2-3 Power Sources in Bangladesh by Energy Input

In the process ofalelopingthe power supply system to cope with the expected demand growth,
major issues are anticipateddescribed below:

(1) Development of Power Sources to Secure Supply
a. Conventional Thermal Plants

Bangladesh has traditionally used natural gas ababe fuel for power generation. However, as the
gas resources were anticipated to peak, construoficoal thermal plants to use imported coal were
proposed. Among thplants, the Payra plant was completed and stagechtion; No.1 plant in May
and No.2 plant in December 2020. However, the Government of Bangladesh announce@(2lan
moratorium on 10 coahermal plant plans in consideration of timensifying global movements
towardslow-carbon, nezero emissions society. Coal thermainpdaare, together with gdsed power
plants, among the most promising options for Bangladesh which toemmisstructafundamental power
generation system. It should barefully considerechow to treat the planfor introducing coafired
plants in theprocessof power development with due consideration on the global warming issue.

b. Nuclear Power Generation

In Bangladesh, the Rooppur nuclear power plant (1,200MWx2) is under construction\ié8kof

7



Dhaka. This plant is constructed under the supgfdrRussia. Since nuclear power plantsiargeneral
designed with large capacitigsthe range of 1,000 MW or greater for economitescale, it is also
necessary to consid#ée impact on the yet small power system in tlemeofanuclear plant shutdown.

c. Renewable Energy Generation
Potential renewable energy sources in Bangladesasafalows:

,  Hydro: since most part of the land is located in the estudargdriversand lowlying swamps
andsituatedat 5m or less above sea leuwak potentialfor hydro power is limited.

,  Wind: suitable sites for wind power are unevenly distributed along tis apd introduction of
large-scale onshore wind power is limited. Offshori@dvpower has certain potential while it is
necessary to develop a transmission network seBiraka and other high demand areas.

, Solar: though being deemed most promising, suitable sites are unevenlyuwidt and
concentrated in the soudfastern coastal areas. Development of the tranismingstwork is a
challenge likewise wind power.

In a largescale introduction o¥ariable renewable energies, it is generally goaiteid toencounter
challenges such ateepening of demand changalled“duckcurve phenomeng; low inertia due to
increased number of power sources connected vixtarg, anda decline in synchronization power
(out-ofstep of synchronous generators). In addition, a number of local issuesrisayn the
distribution system, such as complexity of power flows, overloads, voltagatidesi and others.

d. Thermal Power to Burn Ammonia and Hydrogen

These technologies are yet in thevelopmentind demonstratiostage worldwide. Bangladesh in
short of financial and technical base may be in the position to wait and sdeslsewvbuld be developed
as affordable technology to become realistic options for the country.

(2) Power Plant O&M and Supply-Demand Balancing Operations

Around 2013 through 2015, load shedding was frequently used to maintain-depgnd balance
when high demand arises. This was caused by desrieagenerator output and thermal efficieacyl
equipment failure due to lack of regular maintenance as well as t#Hcthe authority of NLDC to
comprehensively manage acabrdinate the generator operason

There has been a significant improvement in maintaining the sdpptand balance in recent years,
and that there is rather an excess of supply cgpaeer electricity demand. Nevertheless, more than
2,000 MW of generators were shut down or operating below capacity due to insuffasesupply on
the day ofoperation, unplanned maintenance, etc.

(3) Reserves for Frequency Regulation

At the timeof formulating the PSMP 2016, the generators in Batagh did not hay sufficient
automatic supply and demand adjustment functions resultirggonencyfluctuations of 50 Hz £ 1.0
Hz or more. Presently generators implementing goveraeroperation (primary reserves) are secured
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to some extent leading to improven&intfrequency fluctuation to about 50Hz+0.5Hhe reserve for
primary frequency control needs to improve to narrow down the frequenayafliactrange However,
governotfree operation alone does not have sufficient ability to maintain the frequésecgfdre, when
there are large deviations, the gap not returringormal must be adjusted by other means. The EMS
of NLDC and the generators are still Hotked online butrather coordinated through telephone
instructions. With the present system, the countay face technical difficulties the futurewith
increases iwvariable renewable energyRE) such as solar and wind power.

(4) Development and Operation of Transmission Network

To cope with increasing electricity demand, largals power plants will be developed along the
southern coastlint utilize imported coal and LNG. In line with this, a 400 kV transmissionisine
presently under construction connecting to Dhaka, the decedtel and an additional plan to construct
a 765kV line is being developeHor developing theransmission network, it is necessary to consider
distribution of regional demands to formulate an appropriate planigtignaportant to install a measure
to maintain the system in case any single power source drops out.

It is also necessary to establish a framework tektvant organizations shall understand specific
points peculiar to important demaidensive areas sh@s Dhaka and fully coordinate as deam to
implement the plan.

In Bangladesh, import of electricity from Nepal and Bhutan is planned. Sigeestale imporfuel
based power plants are considered on the southern coast, import of elestegipeatd to ease the
biasin transmitting large amounts of power from the south to the north. Howevaer,tivdihe above
plan is fully implemented there will be 12 connection points with neighboring countries, and the
combinedcapacity will exceed 10 GW aaanting for 14% to 20% of the total demandbetweens0
and70 GW projected foR041.Detailedtechno economic analysis considering system sgalréll be
requiredfor selection of the optimal interconnection points with neighboring countries.

2.3 National Policies on Energy and Environment

2.3.1 Social and Economic Policy

The social and economic policies presently effectivBangladesh are as follows:
a. Very long term "Bangladesh Delta Plan 2100" (October 2018),
b. Longterm "Perspective Plan of Bangladesh 20R41" (March 2020),
c. Short-to-medium term "8th Five Year Plan July 2020-June 2025 (May 2020).

1) Bangladesh Delta Plan 2100

Bangladesh Delta Plan 210(hereinafter referred to &DP2100) was developed by the Plani
Commission in October 2018.

Bangladesh, geographically featured as a deltamegiknown as one of the most densely populated

9 PlanningCommission, access on March 2088p://www.plancomm.gov.bd/site/files/fd6c54fBalb-4c71-b44a
€983ffd2bdee/




countries in the world. It needs to maintain limited arable land through proper meerdagd the water
environment and theby to secure land for its industries. With this background, BDP2100 aims at
making the delta region as a source of social development and econonif rgittver than a risk factor
of the country. Thus, it sets forth higher level goals as follows:

Goal 1:Eliminate extreme poverty by 2030.

Goal 2: Achievean UpperMiddle-Incomestatus by 2030.

Goal 3: Being a Prosperous Country beyond 2041.

Since the plan is literally for the very long term, until the end of the 21sirgettie strategy is not
fixed, but flexible, to be reviewed every five years, in light of theenirsituation of the time. The
strategy touches upon energy and indicatpsligy of promoting development of renewable energy
from the standpoindf preserving the water environment, sustainable development, &gdtimg the
effects of climate change. In particular, it tasgiir at least 30% energy production from renewable
sources by 2041 in the context of being a prosperous country.

2) Perspective Plan of Bangladesh 2021-2041

ThePerspective Plan of Bangladesh 204 11° (hereinafter referred to &P204) was developed
by the Planning Commission in March 2020. The plan aims to realize Vision 204h, sets$ the goal
of becoming an Upper Middlencome country by 2031 and a Higjicome country by 2041. The pillars
of the plan are (i) Becoming a Highhcome country in 2041 (GDP per capita over USD 12,500) and (ii)
making pover a thing of the past.

Table 2.3-1 Growth and poverty targets of PP2041

Real GDP Growth (%) 8.2 0.0
Poverty indicators

Extreme Poverty (%) 24 2.3 <1.0

Poverty (%) 18.8 7.0 <3.0

SourcePlanning CommissiorBangladesh Delta Plan 2100

Among 11 sectoral strategies for achieving the secamomic goals, energy and environment are
discussed intensely. Amongthers, it emphasizes (1) balanced development of power generation,
transmission and distribution, (2) enhanced private involvement, (3dmivey of electricity imports
from all three neighboring countries, and (4) depetent of renewable energy.

3) 8th Five Year Plan July 2020-June 2025

The 8th Five Year Plan July 202@ne 2025 (hereinafter referred to as 8FYP) was developed by
Planning Commission in December 2020. The @yl policy of becoming a Highmcome country
by 2041 will be realized throlga detailed plan that will be reviewed in fiyear cyclesThe 8FYP is

10 PlanningCommission, access on March 2022, http://www.plamoogov.bd/site/files/99b0fa74fca4154ad7¢
0bc00e35df8#/

11 PlanningCommission, access on March 20B&p://www.plancomm.gov.bd/site/files/8ec34748264802a839
7569897ela7a/
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the first of these and will cover the fiyear period beginning July 2020. The plan defines six core
themes, taking into account the impact of the COYD
1>' Rapid recovery from CO\D-19 to restore human health, confidence, employment, income
and economic activities;
2>' GDP growth acceleration, employment generation, productivity acceleeatd rapid poverty
reduction;
3>' Abroadbased strategy of inclusiveness with a view to emguing e/ery citizen to participate
fully and benefit from the development process and helping the poor and vulnéthlslecial
protection-based income transfers;
4>' A sustainable development pathway that is resiliendisaster and climate change; entails
sustanable use of natural resources; and successfuligages the inevitable urbanization
transition;
5>' Development and improvement of critical institusarecessary to lead the economy to UMIC
status;
6>' Attaining SDG targets and coping up the impact of LDC gatido*2

Among others, the 8FYP aims at economic recovery slowed by CQ¥Ifdcusing on laber
intensive and export-oriented manufacturing industry.

Table 2.3-2 GDP Growth Projections: 8FYP

( :;ﬁgl) Fy21 | FY22 | FY23 | FY24 | FY25
Pre-COVID-19 GDP growth (as per pp2041) 8.19 8.23 8.29 8.32 8.37 8.51
GDP Growth with COVID-19 5.24 7.40 7.70 8.00 8.32 8.51
Polulation Growth 1.39 1.34 1.24 1.22 1.19 1.18
Per capita GDP Growth 3.85 6.06 6.46 6.78 7.13 7.33
FY19 | FY20

(Actual) | (Actual) FY21 FY22 FY23 FY24 FY25

Growth Rate (Percent)

Agricultute 3.92 3.1 3.47 3.83 4.10 4.p0 3
Ondustry 12.6f 6.48 10.29 1059 10,79 11.20

o/w Manufacturing 14.2Q 5.84 10.78 10.99 11.p4 1200 17
Services 6.78 5.3} 6.74 6.95 7.25 7.80

GDP 8.15 5.24 7.4p 7.70 8.00 8.82

Share as % of GDP )Constant price)

Agricultute 13.65 13.35 12.84 12.36 11,89 11116 1
Ondustry 35.00 35.36 36.25 37)17 38.07 40.37 4
o/w Manufacturing 24.08 24.18 24.99 25.61 2633 28,75 3(
Services 51.35 51.3p 50.91 50.47 50,04 4847 47

SourcePlanning Commissior8" Five Year Plan July 2020une 2025
2.3.2 Energy Policy
1) Energy Mix

Bangladesh Delta Plan 2100 (BDP2100), Perspective PlarZBA1PP204), and 8th Five Year
Plan July 202&0une 2025 (8FYP) commonly refer to expansion of renewable etlewggh thedegree
of actual recommendations varies.

12 This refers to reducing supports from the inteoral society, increasing responsibility toward ithternationakociety,
limit of international competitive edge derivedidow-cost labor, etc.
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Table 2.3-3 Key Objectives and Targets for Power and Energy under PP2041

- . Actual Target
Objectives/Performance Indicators FY2019 FY2021 FY2031 FY2041

Make power sector viable Losses amounting Tk.75 billid
Total Grid based generation capacity of electricity 18,961 MW 21,369 MW 33,000 MW 56,734 MW
Maximum peak demand: PSMP 2016 base case 12,893 MW 14,500 MW 29,300 MW 51,000 MW
Increase efficiency of energy use as well as reducing f| T&D loss target:
system loss (T&D loss) 11.96% (T&D loss) Single digit

Gas/LNG 57.4% 459 29% 35
Diversity fuel use in Power Generation Capacity to bal coal 2.89 27% 30% 35
use of low-cost fuel with low-carbon content Liquid Fuel 32.49 17% 9% 1
Note: Power generation by renewable energy is not lis Nuclear . . 14% 129
in the generation mix in this table, being classified as f Hydro 1.29 19 1% 19
purchase. Renewables 0.2%

Power Import 6.0% 9% 17% 16
:)r:;:]reeraeenzrrg/;tseu;;c;or investments in electricity, gas, g 509% including imports 50% 55% 60%
Encourage energy trade 1,160 MW 2,000 MW 5,000 MW 9,000 MW
Access to electricity 72% 100% 100% 100%
Installation of petroleum pipeline 0 km 451 km 1,077 km 1,177 km
Installed processing capacity of refinery 1.5 million tons 1.5 mil. tons 19.5 mil. tons 19.5 mil. tons

Source: Planning Commission, Perspective Plan 2041

The energy mix aimed at in these policy texts is becoming outdated. At COP26emb&r2021,
Prime Minister Sheikh Hasina confirmed that thertouhad canceled 10 cefited power projects and
declared "We hope to have 40% of our energy from renewable sources by 2041". Asthedaalease
in coalfired power generatiomprojectedin PSMP 2016 cannot bmaterialized while the policy
ambition indicatesnincrease of renewable energy far beyond the pregans.

18,000

30%
16,000
~ 14,000
2 12000
< 10,000
= 8,000
& 6000
£ 4,000 . 6%
4%
. — R
Scenario 1: Scenario 2: Scenario 3: Scenario &
NDC BAU MCPP-M

NDC = National Determined ContributioBAU = Business as Usual
MCPP = Mujib Climate Prosperity Plan scenario, ME@®R Mujib Climate Prosperity Plan scenarionaximal
Source: Planning Commission, Mujib Climate Progpe®ian

Figure 2.3-1 RE share in 2030 energy mix

It is alsoindicated®that "we should consider not only renewable energy but also variousoleay
options such as nuclear power, hydrogen, and*€C&hile Bangladesh is one of the most populous
nations in the world, the available land area is limited. Thereforedanhigivable that renewable energy,

13 Interview to the official of the government of Baagksh
14 Carbon Capture and Storage/Sequestration (CC8} arenergy but a technology. However, as it tdfsarbon emissions,

CCS is treated as if a sort of clean energy inrép®rt.
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which has a low geographic density of energy production, cannot supply sufficient asheastgy.
Given these circumstances, it is reasonable to consider options suatiess power, hydrogen, and
CCS,thatare clean egrgies with high energy density.

2) Energy Efficiency

The Energy Efficiency and Conservation Master Plan 2016 (EECMP 2016usetsergy efficiency
policies with a view to redig the energy intensity (primary energy per GDP) by 15% by 2021 and
20% by 203Ccompared to 2013. Energy efficiency is a very ingatr virtual energy source, and will
be discussed in Chapter 3.

3) Hectricity

Following the achievements by the Perspective BflaBangladesh 20102021 (April 2012), the
Perspective Plan of Bangladesh 2821(PP2041) was set out in March 20RBePP2041 provides the
main pillars of the electricity policy. It envisagthat, withanaccelerated GDP growth and urbanization,
demand for electricity and primary energy will surge and require furthefopenrentof power and
energy resources. At the same time, in order to cope with concerns on environnwimatedcchange,
it is necessary to reduce fossil fuel consumptiod imcrease introduction of clean technologies and
renewable energies. Main objectived#2041 are as follows:

a. Strategy of electricity and energy:

To meet the increasing electricity demand (annudb®réflecting the accelerated GDP growth
(annual 9%), the following measures are required:

. Reducing capital investment costs

. Phasing ouhigh-cost liquid fuel-based power stations and moving to laxest-fuels

. Moving away from overeliance on fossil fuels:

, A balanced mix of low-cost fuddased power generation and renewable energy.

,  Use of imported hydropower and solar power from Indiggdand Bhutan.

b. Strategy of finance

To ensure financial sustainability of the powerteeand a reasonable rate of return on assets
prevailing in uppemiddle and highincome countries.

4) Natural Gas

The PSMP2016 covers requirement for natural gak, amd and other primary energies
comprehensively. It forecasts natural gas production up to 2041; domestictignothat peaked in
2017 will keep declining and LNG import will be used to make up the natural gas supplglshoxis
terminals will be constructed onshore as well &hoirewith FSRUSs (floating storage and regasification
unit), andregasified LNGwill be supplied. Import of RLNG (regasified LNG)avpipeline is also
considered as good seapigrscarce in the western part of the country.
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Figure 2.3-2 Natural Gas Supply Scenario: PP2041

The Gas Sector Master Plan Bangladesh 2017 (GSMP2017) was developed in Februamm@€d.38, f
by the World Bank RERE®I . The report covers gas demand forecast, least cost supply study,
infrastructure planning for gas transportation, study of domestic gasmketwNG import planning,
and gas supply forecast. It consists of gas derfaedast, gas supply forecast, leegst supply study,
gas transportation infrastructure plan, domegie network study, LNG import plan, and legal system.

In order to promote domestic natural gas exploratiaulti-client surveyis going on.Bangladesh
offshore Model Production Sharing Contract (PSC) has been findfieegharation of bidding document
and data packages ae in progress for declaration of bidding round.

5) Oil

Bangladesh Petroleum Corporation (BPC) was established undéP#eR in accordance with the
Bangladesh Petroleum Corporation Ordinance and started itsiastivit January 1, 1977 toergee,
coordinate, manage and handle all activities related to impadgstesale and distribution of petroleum
products in the country. BPC's mission is to ensure the country's energy dbcouigy import, refining,
distribution and development of fuel oil, with the vision of "ensuring desgalpply of environmentally
friendly petroleum products to the whole countryedsonable prices." BPC delegates its function to
the subsidiaries on petroleum product sales, petroleum refining, lubgiaaiti blending, and LPG
bottling.

15 Ministry of Power, Energy and Mineral Resource§AS SECTOR MASTER PLAN BANGLADESH 2017
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Bangladesh Petroleum Corporation

Marketing Petroleum Lubricants LP Gas
Companies Refinery Blending Bottling

Jamuna O  Meghna | Eastern i LP Cas Ltd
Company Ltd “Petroleum Ltd J Refinery Ltd
J

Eastern Standard
Lubricants Asiatic il
Blending Ltd Company Ltd

Source: BPC
Figure 2.3-3 Diagram of BPC's Subsidiaries

As shown in Table 2:3, PP2041 envisages substantial expansion of the domestic refining capacity
and installing petroleum pipeline throughout the country to ensure guoitleasy supply of oil to the
demand point along with adequate safety measures to protect the environment.

6) Coal

The PP2041aims at the sharef coal in the power generation mix to be 30% in 2@8d 35% in
2041 in order to adopt a leasist power generatiompproachTo this end, PSMP2041 highlights the
need of extracting more domestic coal for long tenargy security as well as substantial investment i
coal import infrastructure such as @aind transportation measures.

The Coal Policy was drafted in 2007, but fhweal report
has not been completed. Currently, consumers aee tly
determine the imporsource import price,and so onfor

Table 2.3-4 Cost of Electricity
Generation by Fuel

imported coal at their own discretion. At presetite Fuel Type Unit Cost
government is facing problems on relocation of residel Tk./KWh
environmental issues, and investment in developm: |rymace Ol (Heavy Fuel Oi) 17
resulting in suspension of the draft Coal Polieyview of |sp (piesel Gas 0i) 26
the rising concern on the climate change as wedr&sgy | NG 13
security, the Coal Policy needs to be establislvedyf to Imported Coal 8.1
show the policy on domestic coal development and imf |5 estic Coal 6
infrastructurebuilding. Domestic Gas 257
7) Renewable Energy Hydro 1
_ o Solar Power Plant 12
Since 2008, many plans and guidelinbave been Imported Power 6.48

formulated in Bangladesh on promotion of renewable ene
asshown belov:

Source: Power Division
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Table 2.3-5 Renewable Energy policies in Bangladesh (2008-2021)

2008 [Bangladesh Renewable Energy Policy

2013 |Guideline for the Implementation for Solar Power Development Program

2015 [Renewable Energy Development Target, 2015-2021

2016 [Power System Master Plan 2016 (PSMP2016)
2018 |[Bangladesh Delta Plan 2100

Perspective Plan of Bangladesh 2021-2041
Eighth Five Year Plan July 2020-June 2025
2021 NDC

2022 [Draft] Renewable Energy Policy, 2022

2020

Source: Compiled by IEMP Study Tearfrom various sources of information

Among others, PSMP 2016 covers energy balancing, power balancing and tariff estysdedi
outlines the targets and specific approaches needed in the energy and pmsetsesalizehe Vision
2041. It proposes two scenarios: 10% renewable ratio (RETDP0% renewable ratio (RE20) as the
best energy mixes in 2041. At the same tithe, targes for installation of the renewable power
generation (cumulative) werevisedto 2.47GW by 2021 and 3.864GW by 2041.

Table 2.3-6 Renewable Energy Targets in PSMP2016

Generation Capacity (cumulative) (2.47GW (by 2021)\e3.864GW (by 2041)

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

Cross-border Energy Imports 3.598.5GW (by 2031), 9.0GW (by 2041)

Cross-border Energy Imports rules
and regulations

Set up mid to long term rules and regulations with capacity building in this area

Source: PSMP 2016

Following this,in theBangladesh Delta Plan 2100, the renewable energgttavasrevisedto 30%
in the total electric power generation by 2041. In addifi#2041 further pushed up the tatat 35%
of the total energy mix i® besupplied by domestic renewable enetmgyether witrcrossborder energy
import (assuming hydro power generation in neighboring counties) in 2041.

In 2021, NDC (Nationally Determined Contributions) was submitted to UNF&Can update of
INDC submittel in 2015. In the unconditional scenario, GHG emissions would be reduced by 27.56
million tons of CO2e (6.73%) below BAU in 2030 and in the conditional scenaritnwhitbe achieved
only if there is external financial/technology support, GHG emission&ivibi@reduced by 61.9 million
tons of CO2e (15.12%) below BAU in 203he GHG reduction in theonditionalscenario is additional
to the proposed reduction in unconditional scenario. Hence, GHG emissions ladgahgwvould be
reduced by 89.47 million tons of CO2e (21.85%) in total in 2030. Of this, the energy sectmduce
85.98 million ton of CO2e which is 96% of the total GHG reduction in Bangladesh.
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Table 2.3-7 Possible Mitigation Actions in NDC (Renewables)

Category Unconditional Conditional
Grid-connected Solar 581 MW 2,227 MW
Wind 149 MW 597 MW
Biomass 20 MW 50 MW
Biogass 5 MW 5 MW
New Hydro 100 MW 1,000 MW
Solar Mini-grid 56.8 MW 56.8 MW
Waste-to-Electricity N.A. 128.5 MW
Total 911.8 MW 4114.3 MW

Source: Mitigation Action, NDC2021 Bangladesh

2.3.3 Climate Policy

In response to rising concern on climate changaegBaleshsubmitted anupdated Nationally
Determined Contribution (NDC) to the UNFCCC Secretariat on 26 Augadt, 20d the preliminary
report of the Mujib Climate Peperity Plan was released in September 2021. Outline of the foregoing
is summarized as follows:

1) Updated NDC (Nationally Determined Contribution)

Bangladesh’s NDC presentyates
1>' In theunconditional scenario, GHG emissions would be reduced by 6.78% BAU (409.4
MtCO2e) in 2030; and,
2>' In theconditional scenario, GH@missions would be reduced by 21.85% below BAU in 2030.

The above targetsre updated from reductidevelsof 5% and 15%, respectively, from BAU levels
(234 MtCO2e) which covered only the power, transport and industry sectorgyfslated emissions
in NDC 2021 are compared with those of the national communication (NC) 2018, and NDC 2016
(Figure 2.34).
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Source: NDC2021, NC2018, NDC2016

Figure 2.3-4 Evolution of Energy-related Emissions in NDCs

A set of potential mitigation actions ftre unconditional and conditional contribution scenarios are
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summarized in Table 28, where ‘other’ represents brick kilns sector safeal from the industrial

energy consumption.

Table 2.3-8 Possible Mitigation Actions: NDCs 2021

Unconditional Contribution

Conditional Contribution

z14% emission s reduction through
Banning Fixed Chimney kiln (FCK),
encourage advanced technology
and non -fired brick use

Power z Implementation of renewable z Implementation of renewable energy
energy projects of 911.8 MW projects of 4 ,114.3 MW
z Installation of new Combined Cycle z Coal power plant with Ultra super critical
Gas based power plant (3,208 technology -12,147 MW
MW) z Installation of new Combined Cycle Gas
z Efficiency improvement of Existing based power plant (5 ,613 MW)
Gas Turbine power plant (570 MW) z Efficiency improvement of Existing Gas
z Installation of prepaid meter s Turbine power plant (570 MW)
z Installation of prepaid meter s
z Bring down total T&D loss to a single digit
by 2030

Transport z Improvement of road traffic z Improvement of road traffic congestion
congestion (5% improvement in (15% improvement in fuel efficiency)
fuel efficiency) z Modal shift from road to rail ( 25% modal

z Modal shift from ro ad to rail (10% shift of passenger -km) through different
modal shift of passenger -km) Transport projects such as BRT, MRT in
through different Transport projects major cities, Multi -modal hub creation,
such as BRT, MRT in major cities, new bridges etc.

Multi -modal hub creation, Padma z Improved and enhanced Inland Water
Bridge etc. Transport (IWT) system (Improve

z Improved and enhanced Inland navigation for regional, sub  -regional, and
Water Transport (IWT) system local routes, improve maintenance of water
(Improve navigation for regional, vessel to enhance engine performance,
sub-regional, and local routes, introduce electric water vessel etc.)
improve maintenance of water
vessel to enhance engine
performance, introduce electric
water vessel etc.)

Industry z Achieve 10% Energy efficiency in z Achieve 20% Energy efficiency in the
the industry sub -sector through industry sub -sector through measures
measures according to the Energy according to the Energy Efficiency and
Efficiency and Conservation Mas ter Conservation Master Plan (EECMP)

Plan (EECMP) z Promote green Industry
z Promote carbon financing
Residential z Use energy -efficient appliances in z Use energy -efficient appliances in
and household and commercial household and commercial buildings
Commercial buildings (achieve 5% and 12% (achieve 19% and 25% reduction in
reduction in emission s respectively) emission s respectively)
Other Brick Kilns Brick Kilns

z47% emission s reduction through Banning
Fixed Chimney kiln (FCK), encourage
advanced technology and non  -fired brick
use

Source: NDC 2021

2) Mujib Climate Prosperity Plan

The overview of the Mujib Climate Prosperity Plan is shown in Table 2.3-9.
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Table 2.3-9 Overview of Mujib Climate Prosperity Plan

Key Initiative/measure

Key Point 1: Accelerated adaptation

Key Point 2 : Just transition of Labor and Future Proofing Indu

stry with Technology Transfer

%

)XWXUH 3URRI %DQJODGHVKbV 3REEWLREDIQWKH *OREDO 6X

Key 3RLQW

J,QFUHDVLQJ 3XEOLF 5HYHQXW WROGSHIEB®D WKH ORV

3B: An Established Carbon
Financing Regime for
Revenue Generation

Target Milestones 2024: Implement carbon pricing or
dividends that disproportionately

tax with
benefit low -income househ olds.

Key Point 4: Comprehensive Climate and Disaster Ris

k Financing and Management

Key Point 5: Leveraging 21

st Century Technologies for Well Being

.H\ 3RLQW
Resilience

OD[LPL]HG 5HQHZDEOH (QHUJ\DQQ@HBRYXHULFIZHQRVSRUW

6A: Maximized Renewable
Energy Wealth, Energy
Efficiency and Energy

Mujib Bongoposagor
Independence Giga Array

4GW offshore wind with parallel
planting of a greenbelt of
mangroves.

Hubs

6WUDWHILF OXMLE

g@em'/%trf?al plants into green

rgy facilities such as hydrogen
works.

6WRUDJH ,QIUDV WU X3I0W Makirhal variable renewable energy by 2030, lowe r energy
intensity by 20% by 2030, subject to grid moderniza tion,
financing and investment, setting the trajectory fo r low carbon

growth towards 40%
ORGHUQL]DWLRQ RI WKH *ULG DQG WXSESRIPNGOINUDDBPQRHW WR
& 7UDQVLWLRQLQJ WR 7UDQVSRUW 6ROXWLRQ RI WKH )XWXUH

renewable energy by 2041.

%

Source: Mujib Climate Prosperity Plan, 2021

The Mujib Climate Prosperity Plan incorporates fecenarios adescribedelow, in which shares
of renewable energy is assumed as shown in TaBlg®.

1) BusinessAs-Usual (BAU): Uses the reference scenario in Vi2641

2) Nationally Determined Contributic (NDC): Based on the first NDC submitted. It is
important to note this will be updated contuglyalong with futureNDC submissions.

3) Mujib Climate Prosperity Plan (MCPP): Realistiawédite prosperity scenario based on current
and expected prospectivecass to resources and support

4) Mujib Climate Prosperity Plan Maximized (MCH®): Maximized climate prosperity

scenario based on a significant increase in ressurade available both from international
support and private sector (domestic, regional,iateinational).
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Table 2.3-10 Renewable Energy in Energy Mix and Loweing Energy Intensity

Scenario 2025 2030 2041
BAU 3% 6%
RE share in energy mix MCPP 5% 10%
MCPP-M 7% 30% 40%
Lower energy intensity MCPP-M 20%

Source: Mujib Climate Prosperity Plan, 2021

3) National Adaptation Plan

The National Adaptation Plan (NAP) was approved by the Bangladesh government #sttedabl

2 November 2022. The NAP encompasses eight diseutbrs: 1) water resources; 2) disaster, social

safety and security; 3) agriculture; 4) fisherggpjaculture and livestock; 5) urban areas; 6) etesys,
wetlands and biodiversity; 7) policies aimstitutions; and 8) capacity development, reseanctl
innovation. The NAP devised 113 interventions, including 90-pigbrity and 23 moderatpriority
ones. An appraisal of the cost of the 113 interventions defiredlartvestment of BDT 20,037 b
(equivalent to US $230 billiorgver27 years (2023-2050).

2.3.4 Environmental Policies

The first environmental law in Bangladesh, the Environmental CongsamvAtit (ECA95) was
promulgated in 1995 followed by the Environmental Conservation Rules (E&/R of 1997". ECA-
95 provides for promotion of environmental conservation, development of envintairs&andards and
control/mitigation of environmental pollution. EC lays down the process for abting clearances,
including forms for clearance certificates and standards for pailabatrol.

The latest environmental policy developed by the government is the NdEioviabnmental Policy
(2018) (NEP 2018) that provides a comprehensive framework for environraetival, together with a
set of broad sectoral action guidelines. It adé&res®nsiderations of tr@osscutting environmental
issues related to development and guides national authorities andigsdtstconsider mitigation
measures. For assurance of such sector policesBRe2018 takes a wider political step that ensures

a. All laws related to environmental and resource conservation and pollution arzdi@kémn
control should be amended as required and appropriate in consideratiba afready
amended Bangladesh Environmental Protection Act and Environmental Court Act.

b. Ensure proper observance of all relevant laws asatemwide public awareness in this regard.

NEP2018 also lays dowinstitutional setup that NEC shall be chaired the Head of the Government
as well as comprehensive guidance on implementation of the policy. Thedipdaironmental policy
under NEP2018 includes 24 sectors; for details of them please refer tadipfien

16 ECA of 1995 has been subsequently amended in 2002 and 2010 respectively.
17 ECR of 197 has been subsequently amended in 2002, 2003, 2007, 2008, 2010, 2017 and 2020, respectively.
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Chapter 3 Energy Efficiency and Conservatin

Improving energy efficiency and conservatiom beabbreviatedrom time to time in this Report as
“EEC’ or “EE&C") enables socieconomic development with less energy consumption and GHG
emissions. It resemblesdiscovery ofthiddenenergy sources thatill accompany no C@emissions.
Since its progress depends heavily on social determination, politicalngei@dad development of
innovative technologies, its future trend is generally defined by normatalgsés and political goals.

In this context, energy efficiency and conservationdiscussed in this chapter to set out its tisesicl
as the preconditions on energy demand forecast to be developed in Chapter 4.

3.1 Overview of EECMP 2016

3.1.1 Energy Efficiency

In Bangladesh, final energyonsumption increased 2488ld between 2000 and 2020 reflecting
economic growth. During this period, GDP increased-880 By sector, industrial sector recorded
5.27-foldincrease, residential sector 1fodd, commercial and public services sectatO4old, and
transportation sector 3.6ald according to IEA datd About a half of the energy is consumed by the
residential sector, while the industrial use ig@asing rapidly.

million toe
35.0

32.13

29.85
30.0

Non-Energy
25.0

= Agri & Others

Industry
15.0 Transport
10.88 Transport 11.6% .
e 6. Commercial
9% .M
5.0% ) . Y 47 7% Residential
50 61.8% Residential 51.9% ol
69.9%
0

' 1990 1995 2000 2005 2010 2015 2020

Sources |IEA World Energy Balances 2022
Figure 3.1-1 Final Energy Consumption by Sector

As an index of energy efficiency for a whole country, energy consumption pereaBigyintensity)
is usually used.

Evolution of energyintensity is shown in Figur8.1-2. TheEnergy Efficiency and Conservation
Master plan 2016HECMP 201§ schedules reduction ehergyintensity by 15% by 2021 and 20% by

2030 from the base year of 20iBprimary energy basé is observed thagnergyintensity for 203
was0.1990f that of 2013 an@.167 (16.1%%) in 2020.

18 Sectorspecific national data's availability is slightyw especially for understanding 30 years tenden8pme part of
SREDA National Energy Baland®eport and its figures are referred in Chapter®Appendix. This Section deals with
topic for EECMP 2016 using IEA data as alternagiv&his principle is also addressed in other Chrapte
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Source |EAWorld Energy Balances 2022
Figure 3.1-2 Primary Energy Consumption per GDP: Bangladesh

3.1.2 Updated EECMP 2016

As thetop policy on energy efficiency and conservatitime Energy Efficiency and Conservation
Master Plan 2016 up to 2030 (EECMP2016) was announced by the Sustainable and Renewsgble Energ
Development Authority (SREDA), Power Division, of thinistry of Power, Energy and Mineral
Resources, in May 2016.

The action plan based on EECMP2016 is updated as shown in Fig 3.1r30a0gress.
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2030: 20% Improvement of Primary Energy Consumption per GDP

uonEUews|duwj ‘ [

Industry/Business Residencial/Commercial Transport Agriculture
Energy Management Program |
-Desgnated Energy Consumer
Cantified Energy Auditor
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| Labeling Program
-EE labeding for electrc equipmentsfhome appliances
-EE fued standard and labeling program for cars

-EE labeling for Imgation pump

[ EE Bullding Program 1 - ~;
-Compliance to Bangladesh National Bullding CoerBNBC) 2020 | ko et
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-ZEB promotan | ?

EE Finance Program
Low interest boans| Subsidies| Preferential Taxation
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EE Market -Penetration of EE Appliances
Research -Price Basticity for
Customaers

Capacity -achbevement of EEC Target
Development -Impacts of EEC program

Source: SREDA
Figure 3.1-3 Updated EE&C Action plan

The updatedentativeEEC action plarcoversnot onlylndustrysector andResidential Commercial
sector but als@ransportatiorsectoras well aAgriculturesector. The effective prograrisat are being
implementedfor each sectomclude theEnergy ManagemenProgram EE Labeling Rogram EE
Building Program Energy improvement program, Eihance Pogramand AwarenesRaisingProgram.
While in progress, eacprogram will be checked and reviewtdoughEnergyDataCollectionand EE
MarketResearctprogramdor further actions.

1) Industry Sector

Programs for this sector mainly aim for reductinrelectricity intensity comprising extension
of the coverage of the Desighated Large Energy @uess (DCs) program and improvements
on the Certified Energy Auditors program ruled under the Energy Manage3gstem, as

23



elaborated below:

x Expanding of Designated Large Energy Consumers (DCs) program includimganbat
on capacitydevelopment program

x Expansion of Certified Energy Auditors program including thoseREDA members

x  Technical survey for CertifdeEnergy Auditors program in order to collect supplementary
information on the steel sector (the-goingplan on”"Benchmarking Program”)

X Mobilization of public finance to promote dissemination of energy effi@gnipment
2) Residential and commercial secto

Programs are considered on energy efficiency stdadar equipment such as home appliances
and energy efficiency labeling (S&L) includingn energy rating program on buildingsor
introduction of S&L program, common rules and technical issues on appli@nces (LEB,

air conditiones, fansrefrigeratos) are formulated and program operation is being improved.
The Bangladesh EES&L policy is featuredth introdudion of voluntary actiors at the
beginning,to beconveredto a mandatory systefater on The BangladesiNational Building
Code 2020 also sets out standards on energy efficidt is planned to gradually reduce the
applicable areas covered by this codee Building Energy Efficiency & Environmental Rating
program BEEER) andnet Zero Energy BuildingZEB) are the main tools for energy saving in
commercial buildings, and their integration into one scheme needs to be considared030.

3) Transportation
With the rapid economic growth of Bangladesh in the coming decades, transporttbde se
energy consumption is expected to increase vastly. In lightssituation, the Updated Energy
Conservation Master Pldriesto accommodate transport sector energy efficienegsures,
especially for road transport.

4) Agriculture
As agriculture accounts for a large share of tHeevaddedn Bangladests economyit is
essential to consider energy consumption for irrigation. The Updated Energgréios
Master Plan, therefore, includes energy consemvatieasures for irrigatio

5) Others
In addition toannualcollection of energy data on oil, gas, coal andtelgdty (renewable),
indicators that express EE&C programs implementadiod achievement will heut together
Tracking of the progressis still facing difficulties. Except forthe Energy Balancereport,
challenge®f data shortage need to &&dressedlhe building up of the monitoring system and
tracking its progresen eachprogramare potential seedfor further progressSome part of
generalor sectorspecificprogramsshould be implemented withprioritized manner to make
thesuccess story of datallectionand/ormonitoring system as flagship initiatives.
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3.2 Industry Sector
3.2.1 Energy Consumption Trend

Industrial energy consumption expandedf®l8 between 2000 and 2020 according to IEA as shown
in Figure 3.2-1. Fuel consumption expanded 4.8-fdlde electricity 6.3fold. While natural gas is the
largest singleenergy source comprising 43.46b the tota) coal consumptiorns increasingvhereas
consumpbn of petroleum products remaimsinimal. Energy intensity (energy consumption per
industrial sector GDP) has kept an upward trend until 2010 and then levelindgwfied downward in
20192020, while it is uncertain at present whether this is a temporary phenomenon due@¥'the C
19 panderit or reflecting energy efficiency efforts undee SBECMP 2016; maybe both.

ComparingBangladesh'snergy intensity (industrial energy consumption per total GDP) in 2020 with
Southeast Asian countries, Bangladbeslda good record. According to IEA statistics, energy intensity of
Bangladesh (0.032 toe/ $1,000) was well below Malaysia (0.053), Indonesia (0.054), antiTHz0ia2).

According tothe IEA data, electricity’'s sharewas 43% in 2020 Figure 3.21 shows trends toward
electrification and slowalwn on gasification since late 2000s. Therefore, ergaging measures for
electricity are considered important.
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Source: IEA World Energy Balances 2022

Figure 3.2-1 Industry Sector Final Energy Consumption
3.2.2 Main Policies and Programs in EECMP

Under the EECMP 2016, programs for thdustrysector launchedn improved system anergy
management and adoption of equipmeith improved energy efficiency aescribedelow
1>' Energy Management SystdiEMS)
,  Designation of large energgpnsumers (DCDesignated-argeEnergyConsumer), the
number of which was expanded from 113 to 150.
,  Nomination of energy manager and energy auditor: 18 Certified Enendjjofs
(including SREDA members) are nominated.

2>' Subsector benchmaitkg (Subsector energy intensitproduction process energy intensity)
3>' Designation of large energy consuming entities

Large energy consuming entitigare designated bythe governmentas DC: Designated
ConsumersThis program setforth energy consumption criteria for each target-igustry to
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nominate DCs among industry energy usen@ DCs must establistelevantEnergy Management
System (EMS)

The initial energy consumption criteria by suglustry are shownin Table 3.2-1. Once the
program turns out to besaiccess, the criterfar DCs will be expandedndamended

Table 3.2-1 Criteria for Energy Management Program

Criteria for DCs Numbers of

No.  Category (Annual energy candidates for

consumption toe) DCs

01 Chemical fertilizer factories 10,000 10

02 Paper and pulp industries 6,000 8

03 Textile industries: spinning, weaving, dyeing 3,000 15

04 Garments industries 3,000 7

05 Cement and linker grinding factories 10,000 14

06 Iron and steel (rerolling mills) 10,000 23

07 Chemical and pharmaceutical industries 6,000 9

08 Glass industries 6,000 5

09 Ceramic industries 6,000 9

Transportation terminals

10 (including seaports, airport, stations) 3,000 2
Commercial and institution  buildings
(including office buildings, hotels, shopping

11 malls, hospitals, educational facilities) 3,000 10
Other Industries and installations as

99 published by government notifications 3,000 1

Total 113

Total number of DCs was successfully expanded to 150DCs.

Source: SREDA, &sed on EECMP 2016
Note:Mentioned above DC number was expanded from 113@0 sector based DCs. Sub sector information wétidws annual energy

consumption levels are same as of Decembe2.202
3.2.3 Overview of Current status of EEC
1) Expansion of Designated Energy Consumers

While 113 DCswereinitially listed in EECMP2016SREDA has now increased the number to
150 candidatedn addition, DCs themselves are learning the inga¢ of EEC through SREDA's
educational program3his effort will widen the coverage of energy s®cognizing importance
of EEC and create a firm platform to promote it.

2) Energy Audit

In 2018, MoEFCC submitted Third National CommunicatiokliFCCGC which s areporting
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system under UNFCC@ddresig climate change issues as shown in T&®21° It assumes
the level of energy efficiency improvement and coveregjio by sector targeting e achievel
by 2030.

Table 3.2-2 Assumption of future Coverage Ratio of Energy Management in submitted UNFCCC
report: Industry Sector

Sector Average efficiency % of sector % of audited sector undertaking energy % of sector with new
improvement from BAU (%) | undergoing efficiency imp ts by 2030 plants installed by 2030
Existing plant New | energyaudit = Low ambition | Medium High BAU Abatement
(following energy plant by 2030 scenario ambition ambition Scenario scenarios
audit) scenario scenario
Cement 20 30 50 30 50 70 20 30
Fertilizer 75 15 | 50 | 30 50 70 ] 20 30
Garments 8 125 30 20 30 50 20 30
Textiles 10 15 | 50 | 30 50 70 ‘ 20 30
Steel 30 60 70 50 70 90 20 30
Pulp and 10 20 50 30 50 70 20 30
paper
Tiles 15 30 30 20 30 50 20 30
Bricks 0 12 10 Not modeled Ditto Ditto 0 Low: 5
because EE Medium: 10
potential is 0 High: 20
Frozen 10 17.5 50 30 50 70 20 30
food
Chemicals 5 10 | 70 | 50 70 90 } 20 30
Jute 15 0 50 30 50 70 0 0
Other 10 10 50 30 50 70 20 30
industries

Source: MOEFCC, The Tt National Communication to UNFCCC
3) Benchmarking program

In genera) thebenchmarkg program is a system that sets target values folatige energy
consuming susectorsusing specific processes, such as steeking, cemenimanufacturing
paper &pulp, soda chemicaétc.,based ora specific energy consumption as describdayoeor
toe ofunit production (t) or floor area (rf) for commercial sector®eriodical energy consumption
and production dataustbe reported to SRED#roughan annual energy repétt

Currently experts visiting programs are planned to be comdlicthe abovementioned
benchmark and relevant technical information willused asa reference in théSector Based
Guidance for implementation of energy audit by Certified gnéudit”.

4) Other energy saving actioasd role of finance

The textile industry of Bangladesh has developed its export competitivanesg e world
market, and hence has accomplished a leediedinced internationatandardincludingpractices
of EEC, which serves as goodrole modelfrom private sectoindustries In addition, utility and
chemical companies stfectos possessingarge EEC potential aneequiredto participate inthe
EEC programs.

The catalyst and leverage functoof public finandng are working effectively. Public and

19 MEFCC*Third National Communication of Bangladesttie UNFCCC”
https://unfccc.int/sites/default/files/resource/ TZ0Report%20%28Low%20Resolation%29%2003_01_2019.pdf
20 Factories with significant improvements in enerfficeency should receive awards from SREDA.
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private financial institutions are making use of the energy consemvtdchnology listAs of
December2022, 43 companiesere awarded the loan, amounting to BDT 21 billion. fiehare
wide varietiesin borraversincluding textile, cement, glass, electronics, and otherosgathich

contributeto theEEC activitiesIn the SREDA website several succesteriesare cited as show
casesL,

2020 2025 2030
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Figure 3.2-2 Target Realization Rate by Program
3.2.4 Next step

1>' Energy Management Systdras started successfully, which need to be monitored continuously
throughthe energy management systeimstitutedat respectiveDCs.

At present, 18 personnel including SREDA mersbiasldthe title ofCertified Energy Audor.
It is observed that seeds fonproving energy efficiency are certainly growing, especialhgong
experts.The National Energy Balance Reporting provides information on economy wide gsogre
on EECMP.These kinds of dateollecting activitywill alsocontribute to monitoandtrack the
progress, which improves future EECMP activities.

2) Human Resources

It is important, in addition to Certified Energy Auditors, to encourage aet\wff excellent staff
throughexperts’registration system. Atfaward systeni designedfor excellent staff by sector
would honor and encourag®re effectiveEE activities; it can also be used as a knowledgearsipar
platform. Furthermore, it is important to implement diagnosis project€dyified Energy
Auditorsand exceknt staff (including foreign engineers) to (1) build ughawcase&latabase and
(2) accumulate technical know-how.

21 SREDA, https://eecpfp.sreda.gov.bd/
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3) AwarenessmprovementindStakeholder Involvemenising BAT list catalystrole of finance

For wider awareness and promotafrEE activities, it will be helpful teontinuously updatee
existing ‘Best Available €chnologiegBAT) list” usedin financesector The list is a kind of
compilation ofthe EECsuccess sta@sachievedn Bangladeshlhe ontinuous updating dAT 2
list and disseminatingf techndogies, such ascogeneration, reergyefficient boilers, generators,
furnace, will contributeto enhancingndustrialenergymanagement systeim thefuture.

SREDA may disseminatgpdatedBAT information to other relevant minigts, energy experts
and manufactuers of energy intensive sectors and other stakeholdéhsfinancial institutions
Based on these effortsipposdhe introduction of BAT technologye succeasfully implemented
energy efficiencyill be improvedsignificantlyin the future

3.3 Transportation Sector

3.3.1 Overview of Energy Consumption
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Figure 3.3-1 Bangladesh Transport Network

22 Japanese Business Alliance for Smart Energy Wodewiublisheti Smart Energyroducts & Technologies 2023
https://www.jasew.eccj.or.jp/technologies/index.html
The Japan Iron and Steel Federation publisfiedhnologies Customized List for India and AS¥’
https://www.jisf.or.jp/en/activity/climate/Techna@s/index.html

29



As shown in Figure 1:1 (Chapter 1), energy consumption for transport is relatively small in
Bangladesh. It was only 5.0 % of the total final energy consumption in 1990. itcheased to 12.0%
in 2020, butt is lower than theshareof the industry sector that increased from 8.9% to 29.0% in the
same period.

Figure3.3.2shows the energy consumption by energy sector. Road transportation deraimate
sectors at around 7% in recent years. With abundant river transport, fuel consumption fgatiani
has increased steadily. This is partly becélusrumber of bridges crossing large rivers is limited, while
river transport is cheaper and conveniémaddition, it should be noted that energy efficiency in other
sectors will be mostly fixed at the time of constimg infrastructure such as railways and portlifaes.

On the other hand, according to development economics theory, demand for autogeriziedly
increases with economic growtWioreover, n view of the significance of the road sector wittxture

of multiple types of vehicles, higher priority may be given in considerati@mefgy conservatiotn
summary, aghe countrybecomes more affluent, the number of automobiles owned is expected to
increase. For this reason, this chapter focusemnergy conservatioespeciallyfor automobiles, which
requires urgent measures.
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Source: IEA, World Energy Balances 2022

Figure 3.3-2 Transportation Sector Energy Consumption
3.3.2 Road vehicles and energy consumption

The number of road vehicléscreased 2.9-fold from 1.5 million units in 2010 to 4.3 million in 2019
at an average annual rate of 12.4%an easy mobility, motorcycleasincreased 3-8old in the same
period. Together with rickshaws, the share of swlilicles exceeds 709y contrast, the number of
light duty vehicles such as passenger cars, taxis/ans is still lowMehicle ownership was 26.4 units
per 1,000 people in 2019, but it was 6.9 unitsidtorcycleand rickshaws are not included. Presently
most motor vehicles are imported.
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Table 3.3-1 Number of Registered Vehicles by Types in Bangladesh

Source: Bangladesh Bureau of Statistics (BBS) ti&izal YearbookBangladesh 2020", May 2021
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Figure3.3-4 shows the energy sources of road transportation. CNG was introduced arourid 2005
cope with severe air pollution, especially in Dhal@] its uséasrapidly spread among passenger cars,
taxis andautorickshawsThus,the growth ingasoline demandaskept minimal, but turned to increase
around 2017 due to shortagenaural gas supply. At present, consumption of diesel for buses and trucks
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Figure 3.3-3 Number of Registered Motor Vehicles

dominates in the road sector.
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Figure 3.3-4 Energy Consumption in the Road Transport by Fuel Type
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3.3.3 Direction of EEC policies
(1) Policy Overview

In the transportation sector, energy efficiency mepment has two aspegcise. improvements in
transportation infrastructure and vehicle efficignc

In thePP2021 formulateoh 2010emphasizé multimodal transportation, developing national roads,
improving intercity and intefregional connections, and improving maintenance of the transportation
network. Since hen, transportation infrastructure including roads and bridges beenmproved
sulstantially.Major cities are now connected by ag well Bangladesh's first elevated railroad, MRT
Line 6, started operation in December 20&&h three more MRT lineg plan(Line-1, Line5 North,
and Line5 South)The PP204has alsanoved aheadnintroduction ofCNGto cope with air pollution.

Subsequently, PP2041 formulated2018prioritized developmenbf roads to accelerate economic
growth In 8th Five Year Plan (202@2025),construction ofwo-lane rural roads totiag 16,000 kmwas
planned. fie urban transport development strate@s set out tdmprove convenience, safety, and
economic efficiencyvith synergistic effect menegy efficiency.lt specifically includes programs on:

a. Mass Rapid Transit (MRT/Metro Rail) initially in @ka, and expaled to peripheral areas
and eventuallyo all principal cities
Bus Rapid Transport (BRT) with dedicated lanes.
Intelligent Transportation Systems (ITS) includirgffic management, electnic road pricing,
integrated ticketing system, traveler informatsystem, etc.
Linkage of cities and towns around metropolitan areas by MRT and BRT.
Upgrading of roads and provision of pedestsatewalks

f.  Promotion of high efficiency and alternative fuel vehicles.

On the vehicle fuel efficiency, Bangladesh is lookingproactive introduction of energy efficient
vehicles (EEVs). These arkiel-efficient internal combustion engine (ICE) vehicles, hybrid vehicles
(HV), electric vehicles, and alternative fuel veébs(CNG, LPG, biodiesel, ethanol, hydrogen, fiedkc
etc) thatqualify certaincriteria oncarbon emissions and fuel consumptiBangladesh aims to become
a regional market hub for EEVs through strategic investméhts Automotive Industry Development
Plan 2020?® aims atintroduction of highperformance &hicles andadvancedtechnolgies to the
domestic market by 20300 this end, proactive policies are considered suctteective taxatiomnd
tax break foEEV assemblers. Incentive system is also considaeradinchingTechnology Acquisition
Fund tosupportinvestment in R&D and acquisition of technologieslsas batteries, charging stations,
and electric vehicle development.

In coming decadesnotorvehicleswill increase rapidly along witeconomic developmenbgether
with shifting from two-wheeledmotorcycles to fouwheeled vehiclesThese will push up fuel demand
significantly. In this regard, preparation of eifiot infrastructure and efficient vehicles is esisdn
Facingdecline in domestic natural gas production, CNG as motor fuel widmgerbe recommended

23 Ministry of Industries Government of the PeoplegpRblic of Bangladesh "Automobile Industry Devel@mmnPolicy,
Ministry of Industries Government of People's Rdjpubf Bangladesh
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Electric Vehicles (EVs) will berioritized includingconstruction ofecharging stationetworls.

As an immediate targeshifing from low- to highefficiency vehiclesshould be enhancedby
adopting financial incentivessuch as subsidies argteferential vehicle registration taxesetting
regulations on fuel efficiency standards and making them visible to corsuhmeugha labeling
program.These efforts will keep increas®@ motor fuel demand as reasonably low as possible.

(2) Priority Areas

As discussed in thebove, &isting policies and strategiesich as PP2041 and AID2020, will
dramaticallyimprove transportation energy efficiency. The energy edficy master plan, therefore,
should focus on the areas that have not laelelnessedy these policiespne of which is controlling
energy efficiency levabf imported used vehicles.

Regarding the imported used vehgléheyaccounteddr 80% of Bangladesh's vehicle ownership in
2021 andh certain number of themiill remain in the market until 203@urthermore, considering the
lifetime of vehicles imported used vehicles are expected to account for more than 70% of the stock in
2030. Fo this reason, policies that promdteesl-efficient used vehicles will bbeneficialeven after
2030, when Bangladeshade higkefficiency vehicles are expected tocbenewidely available. In
particular, it will be essential to consider eneddficiency management measures for imported used
vehicles as discusséalow

1. Regulations angtandards

Currently, imported used vehicles aestrictedo thosewith less than 5 yearsf age Along with this
regulation, the following fuel efficiency standards should be introduced to fuptberote energy
efficient vehicles.

, Establishment of fuel efficiency standards and sioisregulations for each type of imported
energy efficient used vehicle (IEEUV)

, Fuel efficiency standards consistent with intewradi discussions such as WP.29 (UNECE
World Forum for Harmonization of Vehicle Regulations)

2. Labeling System

The labeling system provides a clear indicatiotheffuel efficiency level of each vehicle. Thisoals
consumers to easily compare vehicle specificatitirsan also increase consumers' awareness of and
willingness to purchase IEEUVs. Sinttee standardsnd labeling systems are already in place in the
residential and commercial sectors, itlésiredo make good use of the operating rules, knowdeaitd
proceduresearnedrom these existing systems.

3. Tax Incentives and Subsidies

Fiscal measures such as tariff reductions, taxitges, and subsidies will enable IEEUVs to compete
in the market. Good synergies can be expected by establishing finanaiiviesé harmony with the
existing AID and PP Vision 2041.
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3.4 Residential and Commercial Sector
3.4.1 Energy Consumption Trends

According to the IEA statisticgesidentialsector energy consumption dominates in Bangladesh,
though its sharelecinedto below 50% in 2020Meanwhile,the share of commercial sectemergy
consumptiorwasreported to be only 2% in 2020. Biomass consumption maiotymprisingfirewood
is listed only for the residential sector. Its share in the total demanadetdtiom 50.2% in 2000 to
26.1% in 2020 with penetration of natural gas for cooking and electricity fornligtathd other
appliances.
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40.0 ” TN Rdustry, Non-Energy
280w
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Source: IEA WorldEnergy Balance2022

Figure 3.4-1 Trends of Final Energy Consumption by Sector
1) Residential Sector

In the residential sector, biomass consumption in 2020 compriée® 50f the total energy
consumption and 69.8% of the fuel consumption. There is still a big room to beeckpldh modern
fuels. Charcoal consumption, which generally increases in the matiani process of developing
countries, is very limited as city gas system ie thban areas was developed in the 2000s utilizing
domestic natural gas. However, as discussed inahgal gas supply sector, its management system is
obsolete and problemet LPG has started to penetrate but still remairs small quantity. Electricity
consumption is still low compared with the global average, but is expectennaapidly accelerated
by introduction of electric appliances.

34



kgoe/person Electricity

100.0
90.0 89.2 86.5 mmmLPG
80.0 L\/_}___/ Natural Gas
70.0 Wm_s = Diesel
60.0 H 6% .
50.0 Ll Oil(kerosene)
40.0 = Charcoal
300 Conventional Biomass
 188.3% 80.4% 70.8% 54.6% 1 Primary Biomasss
20.0
—— Combustible Fuel
10.0 Total
0.0 ——Total
1990 1995 2000 2005 2010 2015 2020

Source |EA World Energy Balance®022
Figure 3.4-2 Residential Sector Energy Consumption per Capita

Whenfirewood for cooking and hot watsupplyis switched to modern energies such as gas and
electricity, energy efficiencwill be substantially improved-his will keep growth othe overall energy
consumption relatively low

2) Commercial Sector

The IEA statistics says that the commercial seetmrgy consumption is merely 2.4% of the total
final consumption. It listenly natural gas and electricilgnoringcharcoal LPG and dieselCollection
of more precise information is necessary to disdHES of this sector. Along with economic
development, electricity consumptigrowssteadilyas observed in themergingeconomies.
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Figure 3.4-3 Commercial Sector Energy Consumption Per Capita

3.4.2 Overview of EEC policies

The EEC programs for the residential and commercialosgeainder EECMP201ainly comprise
adoption of high efficiency appliances and buildingsammarized in Tab®4-1 It is plannedhatthe
residential sectawill beintroducel with high efficierty appliances by 2020 and the highefficiency
ones by 2030while buildingsare expected tachievetheworld's best energy intensity by 2025.

With an assumption that all the existing home applianwék be replaced by higher efficiency
products,it estimats that EEC potential is 28.8% in the total energy consumtiothe residential
sector and 10% for buildingShelatteris estimatedelatively low asit is not easyor existingbuildings
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to introduce EEC measuresth new equipmentTo achievehese target EECMP2016 sstoutEE
Labeling Program for theesidential sector and EE Building Progreonbuildings.

Table 3.4-1 EE&C Programs for residential and commercial sector: EECMP2016

Program Target Action Plan
EE Labeling Residential ., Label certification / Laboratory accreditation syst em
Program Consumers 6WDQGDUGL]DWLRQ RI (( PHDVXUHPHQW H
(EELP) Rating criteria
6WDU /BEMDI) GDUGL]DWLRQ 8QLILFDWLRQ
., Participation of manufactures, importers and retail
shops(mandatory/voluntary)
0(36 OLQLPXP (QHUJ\ 3BHUIRUPDQFH 6WDQ
EE Building Buildings , New version of BNBC [Revised] Implementation
Program » GBG development
(EEBP) » Manual and assessment system introduction

Source: Energffficiency and @nservatiorMasterPlan 2016

3.4.3 EEC Policies and Future Directions for Residential Sector

HWKRG DQG

Forthe residential sectoEnergyEfficiency Standards antlabelling (EES&L) progranms the most
promisingpolicy for promotingsale of high efficiency product€urrent status of thEES&L program
is preparechy SREDAassummarized in Tabl8.4-2. TheBangladesh EES&L policy ieaturedwith
introduction of voluntanactiors atthe beginninganda shiftto a mandatory systeat a later stage

Itis necessary to accelerditeintroduction of EES&L prograsiand/otheshift to mandatory scheme
at an earliestpossiblestage focusing on appliances with large power consumption such as lighting,
refrigerators,TVs, and air conditioners. As free CFL distribution programs were cortitwtdate,
consumers are now encouraged toraseeenergy efficient LEDighting.

The global demand fomir conditionergn 2020is estimated tde 107.45 million units. The largest
market is Chinaat 42.14 million unitsfollowed by other Asia at 16.20 million units Air conditioner
demandn Bangladesh was 1.84 million units202F*. Although the market in Bangladesh is still small
its demand is gwing steadily. Penetration afiverter type(variable speed) air conditionethatare
15-30%more energy efficient than nenvertertypes(fixed speed),emains at2% in the Asian market.

Besides of air conditionersefficient machinery usage is suggested in heat rgéoe and
consumption as clean cooking and hot water usage will become more common in a conoluges
prepaid gas meter, auto ignition burner and auto temp controlled oven

24 JRAIA (The Japan Refrigeration and Air Conditionimglustry Association) data
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Table 3.4-2 Current Status of EES&L Implementation

Sl No. EE standard 2021] 2022] 2023] 2024] 2025] 2026] 2027] 2028
Room Air ’
1 Conditioner enter into force
2 Refrigerator. enter into force
Freezer
3 Electric Fan enter into force
Electric .
4 Lamp/Light enter into force
Three-Phase ’
5 Induction Motor enter into force
6 Electric Water enter into force
Heater
7 Television Set enter into force
8 Microwave under
Oven development
under
9 Water Pump development
10 Induction under
Cooker development
1 Inverter under
development
12  |Rice Cooker under
development
13 Blenders/ under
Mixture development
14 Washing under
Machine development
Allkinds of
15 Water Pump under
(Morethan2 |development
Horsepower)
16 |Transformer under
development
17 |lron Machine under
development
Source: SREDA
1000Unit 100 30 o1 = =
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200 100% %0
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Source: JRAIA (The Japan Refrigeration and Air Conditioningustry Association) data

Figure 3.4-4 Air Conditioner Penetration in Bangladesh and World

Table 3.43 summarizes the actions required under the EES&L implementattmedures. To ensure
reliability of EES&L program, it is necessary tdadish the followings:
a. Testing laboratories that can accurately test tleegstsaving performance of equipmeirt.
the early stage of the prograimternational thirdearty testing laboratoriaeay be adopted.
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b. Database of energy efficiency information on equipmevith engagement of

manufacturers/importers. Data can be collectectiefitly, for exampleby providing a
website for program participants to register theuese

c. Compliance test such as periodic market buy tests should be conducted to ensure the

credibility of the systemwhile such testing should be conducted by third-party labdeator

Table 3.4-3 Actions to Accelerate EES&L Policy Implementation

Program Operation Procedure Actions for Implementation
1 Manufacturers/importers get EE test on their products at accredited
) laboratories. .
5 Accredited laboratories should have been accredited by BAB through EE(;est Iadbolratorles th()l:;dbbe
) 1017025, etc. ::By and aiso accredited by
3 Manugfacturers/importers which have in-house laboratories can get EE test at '
) their laboratories, provided laboratories are accredited by BAB.
4 Label certification body evaluates the EE test report and issue lable cetificates .
) on the product with star rating, and delivers it to the manufacturer/importer. Imp!gmeptlng agency/Label
- - - certification body collect
Manufacturers/importers affix the label on the products or their packages, and
5) . necessary EE data.
deliver them to the markets.
5 Label certification body carry out EE check test for the products sold in the
) market collecting samples at random, in order to maintain labels reliability. Check test should be done by
Anybody can claim challenge test to the label certification body, provided the third party EE test laboratories.
7) test cost is backed by him/her.

Source: SREDA

3.4.4 EEC Policies and Future Directions for Commercial Sector

Major EEC policies applied to the commercial seet@r as follows

1) The Dhaka Mahanagar Imarat Nirman Bidhimala (DMINB 2008)

DMINB-2008 mainlyrefers tobuilding set back, floor area ratimaximum ground coverage,
and mandatory open spach stipulatespassive approaelsto reduce energy use in buildsg
Buildings are not regulated or inspected for artwva@nergy or water saving measures.

2) Bangladesh National Building Code (BNBC)

BNBC was enforced in 1993 asn@andatory legal document fbuilding constructionlt was
amendedn 2017(1) for introduction of new materials, methods, and technologies in both design
and construction of buildings and (2) to cope vnitreasing cases of safety hazards such as fires.
The updated version of BNBC was proposed in 202t an addition of energy efficiency
requiremerg on buildingslts proper enforcement and compliance check of the todekey to
successful implementation.

3) Leadership in Energy and Environment Design (LEED) Certification

TheUSGBC LEED isa widely accepted rating system as@opular in Bangladesh. More than
100 buildingsare already registered undére USGBC LEED certification. Bangladesh Bank is
promotingenergy efficiency in buildings with soft loan facilities under theimaaicing scheme.
Single digit loan (maximum 9%) facilities are aedile forthe LEED certified factories.
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4) The Building Energy Efficiency & Environment Rating (BEEER)

Presently there is no green building rating systerBangladesh. In line with EECMP2016,
SREDA has developed Building Energy Efficiency & Environmental Rating progBEEER)
thefirst draftof whichwaspublishedn November 2017The rating systens designed as laolistic
approach to green buildings taking accourthefentire environmental footprint of buildings (e.g.
water, wasts, resources). SREDA is preparing firimplementation by conducting evaluations of
tenselecteduildings andplans to begin implaentation in 2023.

With the aim of achieving netzero annual primary energy consumptionnonresidential
buildings, net Zero Energy Building (ZEB) initiatives are being developgidga combination of
energy efficiency and renewable energy. BEEER dBB dre the main tools for energy saving in
commercial buildings, and their integration into one scheme needs to be peshéeard 2030.

To furtherpromote abovenergy saving efforts, multifaceted approadhill enable the users to
enjoy the benefit of EECVarious collaborative actionseed to be reflected into the future
regulations, including those fawarenessaisingon pay-back periodsf EEGrelatedinvestment
nurturing oftechnical expertiseandrelaxation ofaccess to affordable finanddany initiatives
have been proposed by policymakers and finaocignizations, buittle progresdas been made
so far.

3.5 Agricultural Sector

According to SREDA, agriculturanergy casumptionwas 1,103 ktoe in FY 20318020, which
was 4.B#of the total energy consumption. Among them, diesel comprised>858llowed by
electricity at 12.6# and natural gas at 2# The power consumption of irrigation pumps is mainly
responsible for power peaks during the irrigation season.

Table 3.5-1 Final Energy Consumption by Sector (FY2019-2020>'

Gas ierggll?;r; Coal Electricity Total
ktoe ktoe ktoe ktoe ktoe
Agriculture 30 941 0 132 1,103
Commercial 176 72 0 707 955
Residentail 3,506 1,090 0 3,107 7,703
Transport 954 3,360 0 0 4,314
Industry 5,556 400 3,900 3,208 13,064
Total 10,222 5,863 3,900 7,154 27,139
Composition
Agriculture 2.7% 85.3% 0.0% 12.0% 100.0%
Commercial 18.4% 7.5% 0.0% 74.0% 100.0%
Residentail 45.5% 14.2% 0.0% 40.3% 100.0%
Transport 22.1% 77.9% 0.0% 0.0% 100.0%
Industry 42.5% 3.1% 29.9% 24.6% 100.0%
Total 37.7% 21.6% 14.4% 26.4% 100.0%

Note: Excluding biofuels and waste

Source: SREDA

25 SREDANational Energy Balance 2090
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In FY 2018-19, there were 1.58 million irrigation pumps; 79% of themredriven bydieseland the
rest electricityTo reduce diesel consumption, Bangladesh is promtitengse ofsolarPV driven pumps.
As a shorterm measure to promote energy conservation, introducti®@ES&L will be beneficial.
SREDA plans a labelingrogram on pumps to staasa voluntary system in 2023 anid be made a
compulsory regulation from 2025. It expects replacemérdlae pumps with high efficiency ones.
Switching from diesel to electricity iglsoimportant.It will also be effective toritroduce independent
PV systers into irrigation pumping to cut down the daytime peak demand for the grid.

In the middle to long rure comprehensive irrigation plamay be considered in collaboration with
relevant ministries that will consider introductiah high efficiency pump optimization of pump
distribution with appropriate capagcitgnd optimal operation of them. Eventually, construction of a
nationwide irrigation network system may be congdeto establish safe and efficient use of water
resourcesitilizing low-carbon clean energy.

Introduction of energy standard and labeling on tractors and agricultural mehsteould also be
considered to promote energy efficiency in the long run.
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Part 2 Draft Integrated Energy and Power Master Plan

In Part2, themainstreanof the Draft Integrated Energy and Power Masten REBPMP) isdiscussed
starting from energy demand projectiand followed by power supply development plan, primary
energy supply plan, estimation of required investment for energy inftagte, and environmental and
social consideratian on the plan. Subsequentlypolicies and institutions are discussed for
implementation of the plain Part 3

Chapter 4 Long-term Energy Demand Outlook

4.1 Methodology and Development Scenario
4.1.1 Model Structure and Design

An econometric model is developed by tB®MP Study Tearto forecast longerm energy demand.
It is a tool to forecast economic activities withanception that the past action pattern and tvalde
in principle maintained in the future. It is compdsof multiple behavior equations to explain the
relationship between energy demand and explanatory variables,-esyimtions to consider the
relationship betweemxplanatory variables and relevant influential dast and dinition equations;
these equations are aggregated into an integrastehs as shown in Figure 411 Main equations are
obtained by regression analysis on the historical data, and some are definatyig an the existing
but incomplete data, inform@in by hearing, literature, and/or normative anadysit the same time,
important preconditions are given as assumptions to run the model such as econonhicaymwt
technology development, and environmental and social cornstr@snsocie@conomic devepment
goals

Major assumptions
GDF, population, energy prices,

Economy model exchange rates, international trade,
Calculate GDP-related indices, price etc.
indices, activity indices including
material praduction, etc.
consistently. Energy model

Econometric model to project
Price model future energy supply and demand

Estimate future end-user prices by by regression analysis of historical

interacting with the energy model. trends based on the energy
balance tables data of the

Technology assessment model International Energy Agency.

Use a bottom-up approach to This model calculates energy

calculate future efficiencies of demand, supply and

appliances, vehicles, etc. transformation as well as related
indices including CO, emissians,

Power generation model CO; intensities and energy self-

Calculate the appropriate power slifidiensy rakies.

generation mix to meet the
projected future electricity demand.
Experts’ opinions

Source: IEPMP Study Team
Figure 4.1-1 Structure of Energy Demand Model
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The energy demand model is structured as shown in Figuie K .dstimates the final energy demand
by sector. Then, energy consumption for generation and transnistibbution of electricity, refining
and other purposes are calculated by specific models as the transfornetorrsergy demand. These
are aggregated into the primary energy supply rement.

<Final Energy Consumption>

Industry Sector

<Transformation=>

<Primary Energy Supply>

Power Generation Sector Qil
Electricity * - Output Natural Gas
e Generation Efficiency Coal
Transport Sector

Road Sector Input Hydro
Electricity Nuclear
Non-electricity Other Transformation Sector Geothermal

Other Transpert Sector . Hydrogen / Ammonia Imports
Electricity = Variable Renewables (Solar, Wind, etc.)
Non-electricity - Own Use / Distribution Loss Traditional / Modern Biomass

Bulldings etc. Sector
Residential Sector
Electricity
Non-electricity
Commercial etc. Sector

<Statistical Difference>

B e i
Electricity Statistical Difference

Non-electricity
Agriculture Sector

<Energy-related CO2 Emission>

Electricity > : - ail
Non-electricity - Natural Gas
Non-energy Sector - Cail

Naon-electricity

Source: IEPMP Study Team
Figure 4.1-2 Energy Model System

As always, historical data areconsisitentind history deviates from the past model and forecast. The
future is uncertain and unpredictable, and it would not be just a copy of thespagression equations
can propose. Socieconomic climate may change, and hence nationalolewment target. In this regard,
the model and its outcome should be reviewed and updated periotfically.

4.1.2 GDP Assumptions

GDP largely represents the economic activity le¥ed ocountry and is the most important factor in
the forecast of energy demand. GDP is usually discussed outside of the ensagy deodel and given
to the model as an external assumption, because discussion on the econoaké¢octimplicated and
it is not practical to incorporate it in the enedgmand model.

The present main economic development scenari®dogladesh is the one developed forRR2041
as shown in Figure 4.1-3. It aims to achieve US$2.6 trillion in 2010 US dollars of reah@DB0. In
comparison with this, another case was considettethding the miierm economic outlook developed
by IMF, or IMF Ext Case; GDP will be US$1.1 trillion in 2050. Since theediffice of these projections
is very large in the longun, anin-between Case is considered as a projectidretween these two
projections, where GDP will reach US$1.9 trillion in 2050. The GDP pattedMF Ext Case is almost
the same with the projection made for PSMP2016a8AU case.

After discussions with stakeholders including the Planning Commissiteraéé Division and other

26 For details of the energy demand model and its egiidin, please refer to Appendix C.
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ministries, this Master Plan adopts the PP2041 Ghsepresent official development scenario, as the
main case and ¢hin-between Case as an exercise case.

Real GDP 2010billion USD ) PP204T Caz57q 2500 soox — T 535%
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Source: IEPMP Study Team

Figure 4.1-3 GDP Growth Scenarios

®

In Figure 4.14, these projections are compared with the records of economic growth idsiter
countries after achieving per capita GDPU8$1,300 in 2010 US Dollars. The GDP projection for
PP2041is ambitiouscomparedvith them except for China as shown in Figure4l. PP2041 sets the
target to achieve per capita GDP of US$16,000 in nominal term and becomeirzchigke countryn
2041. Tte projection made in this case achieves the target and will coser ¢b US$17,000 in 2041.

P__Heal GODP percapits from shout 3 1,300 (2010 billion USD)
s +Lhinz (frem1996 |

] * China would be a major reference country of this MP
: —nd'.l':rr:.r::i:gurgil |12 022 Mair] Case inte_:rms c_rFGDF‘ _ngth'
: [ { ** Thailand is a major reference country of PSMP 2016.
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Source: IEPMP Study Tedorld Development Indicators
Figure 4.1-4 Growth of per capita GDP after surpassing US$1,300

As for the concerns on the effeof COVID-19 pandemic andeopolitical tensionst is considered
in this analysis that these events are fugitive witichave limited effects on the loAgrm economic
development trends or target, while the global concerns on the climateecrathgeéaner world will
dominate eventually. Nevertheless, to examine the case of slower ecgmnowiic, Inbetween Case is
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run as an exercise caseconsider the gloomy situation of the world economy today.
4.1.3 International Energy Price Assumptions

Price scenarios on the international oil, coal matliral gas prices in real term are assumed based o
the IEA World Energy Outlook 2021 as shown in TableM.llnternational ammonia price is estimated
by thelEPMP Study TeamThese prices are projectddferently for three scenarios as discussed in
4.1.4. Since early 2022, world energy prices have been fluctuating signifioafitectinggeopolitical
tensionsand reduced supply of oil and gas from Russia. In the long run, however, it is assumed that
energy prices will come back onto the traditiomatk as previously projected.

Table 4.1-1 International Energy Price Outlook

Real price (LSS 2020)

Qil Coal Matural Gas Hydrogen Ammonia
{USS/bhl) (USS/tonne) (USS/MBtU) (USS/Mm3) {USS/tonne)
REF | ATS | NZS REF | ATS | NZS REF ATS | NZ5 | Allscenarios | All scenarios
2020 413 £0.3 23
2030 710 66.5 56.0 770 720 67.0 85 7.0 54 0.28 300
2011 231 67.9 52.7 73.2 69.0 64.8 8.7 7.0 53 0.23 278
2050 82.0 £9.0 50.0 700 £6.5 £2.0 2.9 7.1 53 0.20 250
Mominal price
ail Coal Matural Gas Hydrogen Ammonia
{USS/bbl) (USS/tonne) (USS/MBtu) (USS/Nm3) {USS/tonne)
REF | ATS | NZS REF | ATS | NZS REF ATS © NZ5 | Allscenarios | All scenarios
2020 413 60.8 83
2020 102.2 93.4 727 108.2 101.2 941 1.9 9.8 7.6 0339 409
2041 163.9 1340 1.0 144.4 136.1 127.9 17.2 139 105 0.45 531
2050 2294 179.9 1303 182.5 173.4 164.2 232 185 138 0.50 632

Source: IEPMP Study Team
4.1.4 Scenario Approach on Technology Development

To examine direction of the energy policy mainly in view of technology dpwatnt and measures
to cope with global climate change, three energyados are developed. They are Reference Scenario
(REF), Advanced Technology Scenario (ATS), andZ&b Senario (NZS) as shown in Table. €1
REF simply follows the past trends, while NZS focuses on extremely strongepdba@chieve netero
carbon emissions in 2050. ATS aims at pursuit of adarbon society mobilizing practicable and
affordable meant a maximum extent. AT a scenario that aims at a harmonious accordesfjgn
supply security, economic efficiency and environmental sustainability, @lled €3Es”.

It should be noted that NZ&ppliesa backcastg approach, whereireroemissionin 2050 is a pre
determined condition rather than estimatedesult,which differs from REFor ATS.
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Table 4.1-2 Scenario Approach on Energy Outlook

Reference Scenario (REF) Advgggr?:r;ec,z?—glogy Net Zero Scenario (NZS)

The past trends will continue Energy and environmental policies
based on the existing energy and to ensure stable energy supply Greenhouse gas emissions will be
Characteristics environmental policies. and strengthen climate action will net zero in 2050. The transition
Radical changes will not take place be successful to a certain extent. path toward 2050 is estimated by
on energy efficiency and low Introduction of advanced backcasting approach.
carbonization policies. technologies will progress.
Progressively strengthen low- Sgnificgnt progress in_ Extr.emely strong energy and
. e . international cooperation along environment policies are
Policy carbon policies as observed in the = . - . -
with strengthening domestic necessary to achieve net zero by
past developments. -
policies. 2050.

Assume technologies to reduce

Efficiency improvement follows Technology progress accelerates -
greenhouse gas emissions to net

past trends. cost reduction. 2610 in 2050

Technology Cost reduction like past trends. Strengthening regulations and Timing and émount of introduction
Spread of low-carbon technologies guidances accelerates of each technology are assumed
through regulation and policy. dissemination.

by backcasting approach.

Note: For the purpose of calculation, NZS (Net Zécenario) 2050 is developed arbitrarily. HerBangladesh is planning to adopt NZS
(Net Zero Scenario) by 2070.
Source: IEPMP Study Team

Even in RERhatfollows the past trends, reduction of carbon emissionsstilllbe pursued, though
it will not significantly deviate from the histoattrend. Interms of assumed technologies, moderate
progresses will be observed in the efficiency improvement, cost reductionegyesupply, and
adoption of low carbon technologies. But they will be on the extension of the pasamemould not
see obvious acaeflation despite the recent growing concerns on carbon neutrality.

In NZS, carbon emissions are set at net zero in 208G backcaisig approach is applied to find the
pathway to 2050. Technology development and international cooperation should be ptiraned
extreme pace. As shown in Table-81energy conservation, electrification and hydrogen utilization
have to be introduced at maximum in the industry sector. Thorough energy vetioseand
electrification must penetrate in the residentiad @ommercial sectors. In the road sector, mo& car
must become electric vehicles (EVs) except for shydrogerdriven trucks and buses (TRESIt
should be noted that in reality, given the development stage of Bangladesh yeombdifficulty of
the expecteghath outlined by the NZS, the target year for tlmd@adesh economy to reach net zero
emissions will be 2070 or after.

ATS assumes application of practicable and affdedatechnologies at maximum, while
environmental regulations and targets will be enhanced. Technology devetognaeinternational
cooperation will show significant progress. Energy conservation and fidetion will also be
implemented across all the sectors. In the road sector, 40% of PLDVs and TGB34 will shift to
EVs from cowentional gasoline or diesel driven models.
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Table 4.1-3 Technology Setting: Industry, Road, Residential and Commercial Sectors

Sector

Electrification

Demand Side Net-Zero Scenario (NZS) Advanced Technology Scenario (ATS)
Energy -43.2% (-2.0%l/year) in 2050 from the REF level-24.5% (-1.0%l/year) in 2050 from the REF level
Conservation holding other conditions constant holding other conditions constant

Industry +15% points in 2050 from the REF level, holdin{+10% (+5%%*) points in 2050 from the REF level

other conditions constant

holding other conditions constant

Hydrogen

Non-electricity energy will shift to hydrogen
through 2050.

Road Sector

Fuel Economy

between: +170%, PP2041: +200%

IMF Ext: +130% in 2050 from the 2019 level, In

IMF Ext: +5% in 2050 from the 2019 level,
In-between: +35%, PP2041: +65%

EVs

vehicles (EVs) in 2050.

100% of passenger light-duty vehicles (PLDVs)
90% of trucks and buses (TRBSs) will shift tored

About 40% of PLDVs and 10% of TRBSs will s
EVs in 2050.

10% of TRBSs will become fuel-cell vehicles (F

Hydrogen in 2050. -
Energy -34.5% (-1.5%l/year) in 2050 from the REF level-13.1% (-0.5%/year) in 2050 from the REF level
Residential |Conservation holding other conditions constant holding other conditions constant
Sector I I +15% (+7.5%*) points in 2050 from the REF le
Electrification  |100% electrification 7 ( ) p -
holding other conditions constant
Energy -43.2% (-2.0%lyear) in 2050 from the REF level-13.1% (-0.5%l/year) in 2050 from the REF level
Commercial |Conservation holding other conditions constant holding other conditions constant
Sector o +1% points in 2050 from the REF level, holdi
Electrification  |100% electrification ’ pomts_ .m 050 from the evel, holding
other conditions constant
* ATS In-between & ATS IMF Ext cases
Source: IEPMP Study Team
Table 4.1-4 Technology Setting: Power Generation Sector
Supply Side Net-Zero Scenario (NZS) Advanced Technology Scenario (ATS)
Solar PV (Solar {16 GW in 2050 with land use Solar PV (Solar |6 GW in 2050 without land use
Park, Irrigation) |restrictions Park, Irrigation) [restrictions
Solar PV (Roofto 2.G.\N in 2050 on rooftops of the Solar PV (Roofto JiZ.G.W in 2050 on rooftops of the
Renewables uildings uildings
Onshore wind |5 GW in 2050, mainly coasts Onshore wind |5 GW in 2050, mainly coasts
Offshore wind 50 QW (near seas + EEZ) in 2050 e Offshore wind 15 QW (only near seas) in 2050 excl
heritages heritages
Nuclear Eight (8) units by 2050 Six (6) units (four (4) units*) by 2050
Coal-fired 50% ammonia co-firing around 2030 and 100% ammo{20% ammonia co-firing around 2030 (2035*) and 50%
oal-lire single-firing around 2042 ammonia co-firing around 2035 (2040%)
Power 100% hydrogen single-firing will start around 2G8tl 20% hydrogen co-firing will start around 2035 (2937
Sector Gas-fired replace 70% of gas-fired power through 2050.GasHir |50% hydrogen co-firing will start around 2040 (2845
with CCS will start around 2036 and achieve 30%heof |[Gas-fired with CCS will start around 2036 (2040t a
gas-fired power in 2050. achieve 77 TWh (38 TWh**) in 2050.
Oil-fired For about 1% of grid net power generation in 20dil-, For about 1% of grid net power generation in 20dil-,
fired power will remain through 2050. fired power will remain through 2050.
Conventional captive power will remain a little2050,
Captive Conventional captive power will be zero in 2050 while high-efficiency co-gen system will be intredd from
P pave p : 2031 and reach 300 MW (app. 30 MW*10 towns) in 20
nationally.
Import 15% of total electricity demand through 2050 Less than 12% of total electricity capacity throfib0

* ATS In-between & ATS IMF Ext cases
** ATS IMF Ext case

Source: [IEPMP Study Team

In the power sector, application of clean energies such as renewablesy rmund decarbonization
technologies including ammonia -fiaing, hydrogenmonofiring and gadired power with CCS
(Carbon dioxide Capture and Storage) will start in both NZS aigl(Aable 4.44). On theother hand
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traditional captive power will decrease along wigtid stabilization, while small amounts of high
efficiency coegeneration systems will be introduced in some ectnaones and large facilities through
2050 in ATS.

4.1.5 Preliminary Examination of Three Scenarios

A preliminary study was run to examine these tls@marios. Reflecting the differed levels of energy
efficiency improvement and adopted technologies, total final energy consumption in 2056 thée
largestin the Reference Scenario (REF) followed by the Advanced Technolegai$z (ATS) and the
NetZero Emissions Scenario (NZS). These scenarios are compared forRieRz2D41 Case as below.

Final energy consumption (FEC) will be larger for REF than ATS or NZ&usecATS assumes
greater energy efficiency improvement than REF, A& assumes even stricter energy conservation
actions than ATSEnergyintensity of GDPwill keep decreasing in all three scenarios. Annual mecli
rate of the intensity between 2019 and 2050 will®@%/year for REF3.8%/year for ATS and
5.2%lyear for NZS. For reference, intensity improvements in other couneies2.3% for India,-
3.4% for Vietnam, ané4.0% for China after their achieving 1,300 US dollars (2010 price) of reBl GD
per capita which is close to the current level im@adesh. Thus, the energy demand growth path in
REF is similar to that of Vietnam while the demamndwth path in ATS is similaio that of China.

Among sectors, the industrial sector will be thrgdst demand sector for all three cases in both 2041
and 2050, reflecting the sustainable economic growth and expansiortofittiey’s industrial activities
(Figure 4.15). This suggests that the future energy demand growth of Baspldalgely rests on the
preconditions that defines the development speed of the domestic indbstgedond largest and the
third largest demand sector in FEC are the redamleand road transport sectors, respectively. Sinee
population of Bangladesh is expected to gadangwith rising living standard of the people during
the entire period of this analysesteep demand increase is inevitahléhese two sectors.
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Figure 4.1-5 Final energy consumption by sector

By energy source, electricity will be the largesergy source for ATS and NZ&igure. 4.16).
Besides electricity, a different mix of energy smg will be utilized in each scenariln NZS, for
instance, substantial amount of hydrogen and ammonia will be used through 2050 based on the
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assumption that hydrogen (and ammonia as its carrier) will be one of theanajgy sources in the
industry sector and in the maritime transport sectoralizeenetzero emissions through 2050. In REF,

by contrast, fossil fuels such as oil, gas and wahktill remain with relatively large shares.
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Figure 4.1-6 Final energy consumption by source

intensity of a country can be observed as follows:

CO:; Intensity: CQ/GDP=(TPES/GDP) x (C&TPES)

The energy efficiency index (EEI: TPES/GDP) dediadong with technologgrogress and energy
conservation efforts (Figa 4.17). It falls by 64% between 2019 and 2050 in REE 3.2% annual
decline), 69% in ATS (3.7%), and 78% in NZS (4.7%). As a reference, India'dsdeEtase@.4%
annually between 2010 and 2019, and ChiE#$ decrease®.5% annually between 1996 and 2019
after achieving the US$1,30h 2010 price) of real GDP per capita, respectivelyiclv is close to the
presensituationin Bangladesh. The estimated EEI improvement in &T&most the same as China’s

experience, and in NZ®is considerably greater than China’s experience.

Energy relateCcO HPLVVLRQV ZLOO [EH foNofved 16y BTSIJaHd/NZSL IQwiB grow

significantly in REF PP2041 to 485 million te@O L Q

ZKLFK LV D&a&Xpéen®d KDOI
emissions in 2019. In ATS PP2041, it will grow moderately@dmillion tons CO., almost two thirds

of that in REF. The emissions of NZS PP2041 are, by definition, almost zeéd60n 2

Decarbonization Index (DCI: GOTIPES) follows very different paths thethree scenarios (Figure
4.1-7).1t will continue to grow in REF, while it will gradally decline in ATS, reflecting the accelerated
efforts to manage chon emissions and adoption of advanced decarbonization technologie2dB@ise
and 2040s. In NZS, applyirgbackcasting approach, it needs to drop sharplcliegse net zero in

2050, which would bdifficult unlessplacing extreme stress ¢ime economy.
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Figure 4.1-7 Comparison of Three Scenarios on Technology Development

It is not an easy task to reduce carbon emissiotigi process of economic development. In Asia, no
country, includingThailand, Indonesia, China, India, and Vietnam, fwaceeded ineduction of DCI
on averagén the industrialization period after achieving US$1,300 (2010 price) of real GRRgita.
Bangladeslis determinedo make contributionin addressinghe global concerns on energy security
and climate change sucha manner as suggested by ATS rathan following REF. However, it will
be a really challenging task to reduce DCI in tigustrialization stage, save for the N&S&nariowith
substantiadlifficulties.

Based on the discussion above, the energy demand/supply forecast is run on the Advanced
Technology Scenario (ATS) with two GDP projections of PP20ddeand InBetween Case.

The Bangladesh government prefers the AFBétween cast be choseas the bds for the Power
Development Plan (PDP
4.2 Long -term Energy Outlook
4.2.1 Energy Demand by Sector

With high economic growth, final energy consumption of Bangladesh is expe&rpand 3.3-fold
between 2019 and 2050 fine ATS scenario with PP2041 G2Bsumption at an average annual growth
rate of 4.4%, while it will expand.B4-fold at annual 3.8% with Hbetween GDP assumption (Figure
4.21; Table 4.21).
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Figure 4.2-1 Final Energy Demand by Sector

Among sectors, the industry sector that will lead the country’s economiclgndlvincrease energy
consumption rapidly even after significant enerfficiency and conservation measures are introduced.
Consumption of transport fuel will also grow fastéflect increasing demand for mobility. On the other
hand, energy consumptidar household use&vill remain relatively slow. This is because ineiint
traditional biomass, mainly firewood, will be repéal with modern energies such as electricity ar@d LP
accompaying with significant efficiency improvemestEnergy consumptiom the commercial sector
will grow fast to support modernization of life, tmemains relatively small. Agriculture will contia
to consume certain amount of energy for irrigatod agricultural machines. N@mergy consumption
will also expand mainly as feedstock for fertilig@nd petrochemical industries. Sectoral trends are
analyzed as below.

Table 4.2-1 Final Energy Consumption by Sector

ATS Final Energy Demand (million toe) Composition Average Growth Rate | 2019 to
2019 2030 2041 2050 | 2019 | 2030 | 2041 | 2050 | 19-30 | 30-41 | 41-50 | 2050

PP 2041 % % % % % % % times
Industry 11.0 19.3 30.6 47.8| 331| 346| 353| 383 5.3 4.3 5.1 4.34
Transport 4.0 10.7 19.9 29.00 12.2| 19.2| 229| 233 9.2 5.8 4.3 7.16
Residential 14.6 19.0 23.2 27.9| 43.7| 34.0| 26.8| 224 25 1.8 2.1 1.92
Commercial 1.0 2.6 6.3 11.0 2.9 4.6 7.2 8.8 9.3 8.5 6.4 11.49
Agriculture 1.2 2.0 3.5 4.9 3.7 3.5 4.0 3.9 4.3 5.2 3.9 3.94
Non energy 15 2.3 3.3 4.1 4.4 4.1 3.8 3.3 4.1 3.3 25 2.76
Total 33.3 55.9 86.6 124.7| 100.0 | 100.0| 100.0| 100.0 4.8 4.1 4.1 3.75
In-Between % % % % % % % times
Industry 11.0 18.6 27.0 38.00 33.1| 342| 34.0| 364 4.9 34 3.9 3.46
Transport 4.0 10.5 18.6 25.8| 12.2| 19.2| 234 | 246 9.0 5.4 3.7 6.36
Residential 14.6 18.8 21.9 23.8| 43.7| 34.4| 275| 228 2.3 14 0.9 1.64
Commercial 1.0 25 5.7 8.8 2.9 4.5 7.2 8.5 9.0 7.8 5.0 9.24
Agriculture 1.2 1.9 3.1 4.1 3.7 35 3.9 3.9 3.9 4.5 3.2 3.28
Non energy 15 2.3 3.3 4.1 4.4 4.2 4.1 3.9 4.1 3.3 25 2.76
Total 33.3 54.5 79.5 104.6] 100.0] 100.0{ 100.0] 100.0 4.6 3.5 3.1 3.14

Source: IEPMP Study Team

1) Industry Sector

The industry sector will become the largest demand segment in Bangéadest 2030 (Table 4.2
1). Without energy intensive heavy industries sagltemenand steel by blast furnaoglectricity will
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be the main energy source to drive the industigtor. Further electrification will progress ire ttextile
industry, steel by electric furnace, and other higth sectors. Besides electricity, gas and codl wil
remain as key energy sources. These fossil fudi&e@p providing high temperature hesa relatively
low costs.
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Figure 4.2-2 Industry-sector Energy Demand

It should be highlighted here that coal will be thigd largest energy source. This is becausesof it
cost competitiveness compared to other energy mgpsoch as electricity supply from grid or natural
gas.

Energy conservation rate for the industry sector, holding other conditionamiofstthout price
effect, etc.), will be24.5% (annual -1.0%) in 2050 compared with the demand estimated for REF.

2) Road Sector

In the road sector, oil demand mainly comprisingodiae and diesel will dominate and significantly
increase from the current level through 2050 (Figure3}.2As the country’s per capita income increases
together with population, demand for matyilwill grow fast and push up car ownership. Thifl e
accelerated by switching from tweheeled motorcycles to fouvheeled conventional cars.

In ATS, a growing number of EVs will penetrate the entire vehicle stopipared to REF, although
the share ¥l remain constrained. Road vehicles will continue to shift from matecombustion engine
vehicles to EVs through 2050. The share of EVs in the vehicle stock in 2058evélbout 40% for
PLDVs and 10% for trucks and buses. The EV production factonngthat the Mirsarai Economic
Zone will be expanded sooner or later to the maximum space capacity; the EVegrtdare will
become popular in the Bangladesh auto market.
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Figure 4.2-3 Road-sector Energy Demand

3) Other Transport Sectors

Energy demand in the other transport sector is relatively small (Fg#. It includes various
transportation modes such as railways, domestieggagon and domestic aviation. The narad
transport sector’s demand is about one third of dlael sector’s demand. Infrastructure for these will
keep developing, but the demand will not grow as fast as that of the road transpbe.past trend
continues, most of the sectors’ energy demand will be supplied by oil. A snmalh&of electricity Wi
be used for Mass Rapid Tran@RT), high-speed railway, etc.
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Figure 4.2-4 Other-transport-sector Energy Demand

4) Residential Sector

In the residential sector, electricity will becortie largest energy source. It will be #eabler for
people to enjoy higlquality life with convenient and functional electric applianeeshsas refrigerators,
washing machines, vacuum cleaners, IH cookers iadrditioners. As the GDP per capita grows and
the living standard improves, eldctty demand by these appliances will inevitablgrease.

As for nonelectricity energies for the residential sectord, Rategorized as oil, and city gas will be
used as the major energy source for cooking and hot water supply through 2050. Simerertiental
demand for both natural gas and LR@st likely be imported in case no new major ndigas reserve
discovery happens, their roles must be esbdut appropriately. Traditional biomass will rapidly

52



decreaséeingreplaced by electricity and LP&ong with the rise of living standards. This writiprove
the domestic air quality and human health. It valllo materialize significant energy efficiency
improvement and thus the overall fuel demand eximepmlectricity will remain almost same as show
in Figure 4.2-5.
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Figure 4.2-5 Residential-sector Energy Demand

Energy conservation rate for the residential seetbenother conditionsre heldconstant (without
price effect, etc.), will bel3.1% (annual0.5%) in 2050 compared with the demand estimated for REF.
It is more moderate than that for the industry sector. This is becaopke pend to purchase more
appliances as their income incregsand implementation of energy conservation policy for residential
sector is usually more challenging being confined to upgrading performanuggliahaes.

5) Commercial Sector

In the commercial sector, electricity already playgivotal role, and thisaus will continue well in
the future (Figure 4:B). In this, more than 90% of the energy supply was electricity in 2019, which
makes the sector as the most electrified sectBaigladesh. Small amount of the commercial sector’s
demand is supplied wittatural gas and oil (LPG) mainly for cooking andwater supply at restaurants,
hotels and public facilities.
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Figure 4.2-6 Commercial-sector Energy Demand
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Energy conservation rate for commercial seatdren holding other coniions constant (without
price effect, etc.), will bel3.1% (annual0.5%) in 2050 compared with the demand estimated for REF.
It is the same ratasthat for residential sectaince energy conservatigerformancdor commercial
sector is mostly fixed at the time when buildingl dacilities are builland thusemainschallenging
The incremental demand in the commercial sectdrhgilmostly supplied by electricity. Natural gas
will be utilized in the sector, but its share via# limited.

6) Agricultural Sector

The size of energy demand in the agricultural sector is smalletitbs@ of other final consumption
sectors although the sector occupies a very impoptasition in the Bangladesh economy as it isat{os
related to the daily life of the citizerfFigure 4.27). Most of the energy in the agricultural sector is used
for irrigation, and oil products are the dominant fuel in the sector. Wialsector will continue its high
dependence on oil, electricity consumption will also increase by introductisolaf PVs and
connections to the grid system.

To rationalize the energy use in this sector, aonaide irrigation system together with flood
prevention measures may also be considered coviedngthe upstream to downstream of the water
flow connecting users by water channels.
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Figure 4.2-7 Agricultural-sector Energy Demand

7) Non-energy Sector

Contrary to the declining trend in th: 5 41 Electricity
last two decades, energy demand f{ ' 33 08 o
nonenergy sector will turn to grow R L 09
again towards 2050. This demar , 06 v o B cas
growth will be generated mainly TR % P o
because the fertilizer industry wil %  [s L _
regain its production, while deman 0 pome

. . . . 2000 2010 2019 2030 2041 2050
will also increasefor naphthain line

with the increasd use of Source: IEPMP Study Team
Chloroethyleneas pOIy Vinyl chloride Figure 4.2-8 Non-energy-sector Energy Demand

(PVC) for building materials, anc
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lubricant oil for motowvehicles. Energy demand for nrenergy sector will increase to around 4 Mtoe
in 2050.

4.2.2 Energy Demand by Energy Source

The final energy consumption nergy source is summarized in Figure-@.and Table 4:2.
Among energy sources, electricity consumption will grow as the kargesrgy provider, and oil
consumption will also grow fast mainly as transportation fuel. tBe other hand, natural gas
consumption will remain relatively slow reflecting engrgfficiency and conservation efforts in the
industry sector and less utilization in the road, residential and canaisectors. Coal will be
consumed only in the industry sector for certain heat den@omsumption of traditional biomass will
decrease and will almost disappear in the 2040s.

160 160
[ Ll
£ ATS PP2041 £ ATS In-Between
140 140
125
120 120 .
105 Electricity|
100 . s 100 o
80 38
80 o &0
) Gas
B0 56 50 55 2
18 43 14 = = Coal
40 33 a0 40 33 23
23 T e 23 T 18 Biomass
0 15 - 2 g 15 5
A E— g o = ==
. - . —
2000 2010 3018 2030 2041 2050 2000 2010 2019 2030 2041 2050
Source: IEPMP Study Team
Figure 4.2-9 Final Energy Consumption by Energy
Table 4.2-2 Final Energy Consumption by Energy Source
Final Energy Demand (million toe) Composition Average Growth Rate | 2019 to
2019 2030 2041 2050 2019 | 2030 | 2041 | 2050 | 19-30 | 30-41 | 41-50 2050
PP 2041 % % % % % % % times
Coal 3.7 5.3 6.4 8.4| 11.0 9.5 7.4 6.8 34 1.8 3.0 2.30
Oil 4.8 16.1 30.0 42.6] 145| 28.8| 346| 342| 116 5.8 4.0 8.86
Natural Gas 10.2 12.9 15.0 19.3] 30.8| 231| 174| 155 21 1.4 2.8 1.88
Biomass 7.8 5.8 3.3 13| 234| 104 3.8 11 -2.6 5.1 -9.5 0.17
Combustible Fuel 26.5 40.2 54.8 716 79.6| 719| 632| 575 3.9 2.9 3.0 2.70
Electricity 6.8 15.7 319 53.00 20.4| 28.1| 36.8| 425 7.9 6.6 5.8 7.82
Total 333 55.9 86.6 124.7| 100.0 | 100.0 | 100.0 | 100.0 4.8 4.1 4.1 3.75
In-Between % % % % % % % times
Coal 3.7 5.3 6.2 7.5 11.0 9.7 7.8 7.2 34 15 2.1 2.05
Qil 4.8 15.7 28.5 39.1) 145| 28.8| 358| 374| 113 5.6 3.6 8.13
Natural Gas 10.2 13.0 14.9 17.8| 30.8| 239| 188| 17.0 2.2 1.2 2.0 1.73
Biomass 7.8 6.2 3.9 2.0 234| 113 4.9 2.0 -2.1 -4.0 -7.0 0.26
Combustible Fuel 26.5 40.2 53.6 66.4 79.6| 73.7| 67.3| 635 3.9 2.6 2.4 251
Electricity 6.8 14.3 26.0 38.2[ 204 26.3| 327| 36.5 7.0 5.5 4.4 5.63
Total 33.3 54.5 79.5 104.6] 100.0|f 100.0| 100.0] 100.0 4.6 3.5 3.1 3.14

Source: IEPMP Study Team
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4.3 Electricity Demand and Power Generation
4.3.1 National Power Demand

With high-speed industrialization and income growth, electricity demand will graesieamong the
energy sources. The requirement for power supply will expand 7.38fBld2041case beveen 2019
and 2050, and 82-foldin In-Between case. At present, 91.3% of the power sugpthes from thermal
power plants burning conventional fossil fuels such as coal, oil and natur@rgpd.3% is supplied
by clean energy mainlgolar PVs and 7.3% comes from import. In orderconstruct a lovcarbon
economy, every clean energy such as nuclear, hgdtat PV, wind, CCS, ammonia, hydrogen, etc.
must be introduced extensively. And thus, the conventional fossildtielincluding natural gas used
at captive and egeneration users needs to be decreased from 91% to about 40% in 2050.

Table 4.3-1 Outlook of Power Supply

Power Generation (TWh) Composition Average Growth Rate | 2019 to
2019 2030 2041 2050 2019 | 2030 | 2041 | 2050 | 19-30 | 30-41 | 41-50 | 2050

PP 2041 % % % % % % % times
Traditional Fuel 83.4 155.7 232.5 2954/ 91.3| 756| 56.6| 438 5.8 3.7 2.2 3.54
Clean Energy 1.1 29.8 137.5 311.0 1.3 14.5 334 46.2 345 149 7.7 271.58
Import (Trad Fuel) 5.1 13.1 14.3 6.5 5.6 6.4 3.5 1.0 9.0 07| -6.9 1.28
Import (Clean Energy) 17 7.5 26.9 60.9 1.9 3.6 6.5 9.0 144| 123 7.7 35.91
Total 91.3 206.1 411.1 673.7| 100.0| 100.0 | 100.0| 100.0 7.7 6.5 4.6 7.38
In-Between % % % % % % % times
Traditional Fuel 83.4 142.8 187.1 150.9| 91.3| 76.0| 56.1| 31.1 5.0 25| -1.9 1.81
Clean Energy 11 27.6 109.1 271.3 13| 147| 327| 559| 335| 133 8.6 236.93
Import (Trad Fuel) 5.1 13.1 13.1 13.1 5.6 7.0 3.9 2.7 9.0 0.0 0.0 2.58
Import (Clean Energy) 17 4.4 24.1 50.4 1.9 2.3 72| 104 9.0| 16.7 6.9 29.72
Total 91.3 187.9 3335 485.7| 100.0| 100.0| 100.0 | 100.0 6.8 5.4 35 5.32

Source: IEPMP Study Team

Note: Net power generation is analyzed in more tiet&hapter 5 Power System Development Plan.
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Note: Net power generation is analyzadre in detailn Chapter 5 Power System Development Plan.

Figure 4.3-1 Power Generation

As shown in Figure 4.3-1, cofited power will introduce ammonia as afiong fuel, and gadired
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powerwill be replaced by hydrogefired one Gasfired power with CCS will be adopted as Bangladesh

is endowed with suitable geological structures for underground storage of 6LJQLILFDQW H[SDQ'
of offshore wind is also expected as a large regopotential is expected with relatively low genienat

cost. Many of these technologies are stilthirir infancy Their introduction must be considered with

deliberate evaluation along the timeline of the power system developsngdistassed in Chapter 5.

4.3.2 Power Generation Mix

In the ATS PP2041 Casthe ratio of clean energgttains40% in 2041 though natural gas will
continue to be the largest power generation source in 2050. Hyeficegtpower and gaBred power
with CCS will occupy remarkable shares in 2050. Power import from neighboringieswartd nuclear
power also have considerable shares. In contheestshare of renewable energies will be relativeigls
mainly due tathelimited availability of suitable land areas. Cdiaéd power remes more than 10%
in 2041, but will almost disappear towards 2050.

ATS is a wellbalanced scenario from the viewpoint of energy security, compared with RiER w
depends greatly on natural gas, and NZS which has to consume aaiglyifiarge amount of hydrogen
according to the backcasting approach. In terms of envintahsustainability, total renewable power
capacity for ATS will achieve the NDC conditional target by 2030. Abayeaehieving up tat0% of
theclean energyatioin 2041 will be consistent with the declaration még the Prime Ministe8heikh
Hasinaat COP26 in 2021.
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Note: Net power generation is analyzadre in detailn Chapter 5 Power System Development Plan.

Figure 4.3-2 Power Generation Mix
4.3.3 Comparison with the Previous Power Plans

Power generation in ATS PP204td ATS Inbetween cases are roughly comparable to thoses of th
past power system master plans as shown in FigB/& #£ower generation of both cases are between
that of the BAU of the Power System Master Plang2@id that of the base case of the RémgiPower

27 https:/lunfccc.int/sites/default/files/resource/BEBNADESH_cop26cmpl6cma3 HLS EN.pdf
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System Master Plan 2016. Since the current economic situation is imptioaitigatin 2016 when the
PSMP2016 was published, this resduilt .Wwe morerealistic.
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Figure 4.3-3 Comparison with the Previous Power System Master Plans

4.4 Primary Energy Supply
4.4.1 Total Primary Energy Supply

Total primary energy supply (TPES) is a sum offthal energy consumption except for electricity
and the fuel input ithe power sectoandthe oil and gas sectdiFig. 44-1). In the ATS PP2041 case,
TPES will expand about fodold to 169 million tons oil equivalent (Mtoe) in 2050 from 44 Mtoe in
2019. The size of TPES in 2050 is close to that of the United Kingdom in 2019. In the B&Svaen
case TPES will expand about thréeld to 138 Mtoe in 2050, which is close to that of Thailand in 2019.

To date, traditional biomass consumption maaagnprisingfirewood has been replaced with modern
fossil fuels such as coal, oil and natural gas.sTinénd will continug and traditionalbiomass
consumption will almost disappear by 20%0eanwhile with a view to construcig a low carbon
economyand diversifying energy sources, clean energied sisc nuclear, solar PVs, wind, CCS,
ammonia and hydrogen will be introduced. The share sktikean energies wilkach20% by 2041
and 30% in 2050.
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Figure 4.4-1 Total Primary Energy Supply
Table 4.4-1 Total Primary Energy Supply
Total Primary Energy Supply (million toe) Composition Average Growth Rate 2019 to
2019 2030 2041 2050 2019 2030 2041 2050 19-30 30-41 41-50 2050
PP 2041 % % % % % % % times
Traditional Biomass 7.9 6.0 34 15 18.1 8.0 2.9 0.9 -2.5 -4.9 -7.3 0.19
Coal 4.0 13.2 15.2 10.5 9.0 17.8 12.8 6.2 11.6 13 -3.3 2.64
Qil 5.7 17.6 30.7 43.4 13.0 23.7 25.9 25.7 10.8 5.2 3.2 7.61
Natural Gas 25.5 30.1 39.9 52.1 58.3 40.4 33.7 30.9 15 2.6 25 2.04
Power Import (Trad Fuel) 0.4 1.1 1.2 0.6 1.0 15 1.0 0.3 9.0 0.7 -6.9 1.28
Traditional Fuel 43.5 68.0 90.4 108.0 99.4 91.4 76.4 64.0 4.1 2.6 1.6 2.48
Nuclear 0.0 4.4 8.8 13.1 0.0 5.9 74 7.8 - 6.5 3.8 -
Natural Gas - CCS 0.0 0.0 3.7 10.1 0.0 0.0 3.2 6.0 - - 9.5 -
Hydro 0.1 0.1 0.1 0.1 0.2 0.1 0.1 0.1 24 0.0 0.0 1.30
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - -
Solar PV 0.0 0.7 1.3 25 0.1 1.0 1.1 15 32.9 5.7 5.9 79.09
Wind - Onshore 0.0 0.1 0.3 0.9 0.0 0.2 0.3 0.6 56.8 7.0 11.1| 941.53
Wind - Offshore 0.0 0.0 13 3.4 0.0 0.0 1.1 2.0 - - 8.8 -
Modern Biomass 0.0 0.2 0.3 0.4 0.0 0.2 0.2 0.2 - 4.4 4.0 S
Ammonia 0.0 0.2 1.2 0.6 0.0 0.3 1.0 0.3 - 155 -6.4 -
Hydrogen 0.0 0.0 4.9 14.3 0.0 0.0 4.2 8.5 - - 10.2 -
Power Import (Clean Energy) 0.1 0.6 2.3 5.2 0.3 0.9 2.0 3.1 14.4 12.3 7.7 35.91
Clean Energy 0.2 6.4 24.2 50.7 0.6 8.6 20.5 30.0 34.5 12.9 7.0 207.21
Total 43.8 74.4 118.4 168.9]  100.0 100.0 100.0 100.0 4.9 43 3.3 3.86
In-Between
Traditional Biomass 7.9 6.3 4.1 2.2 18.1 8.7 3.8 1.6 -2.1 -3.9 -5.5 0.28
Coal 4.0 16.7 20.4 22.2 9.0 23.0 19.1 16.1 14.0 18 0.8 5.60
Qil 5.7 17.3 28.8 39.7 13.0 23.8 26.9 28.9 10.6 4.7 3.0 6.96
Natural Gas 25.5 25.6 31.0 20.2 58.3 35.2 29.0 14.6 0.0 1.8 -3.8 0.79
Power Import (Trad Fuel) 0.4 1.1 1.1 11 1.0 1.6 1.1 0.8 9.0 0.0 0.0 2.58
Traditional Fuel 43.5 67.1 85.4 85.3 99.4 92.3 79.8 62.0 4.0 2.2 0.0 1.96
Nuclear 0.0 4.1 8.2 8.2 0.0 5.7 7.7 6.0 - 6.5 0.0 -
Natural Gas - CCS 0.0 0.0 1.9 10.1 0.0 0.0 1.7 7.4 - - 16.6 -
Hydro 0.1 0.1 0.1 0.1 0.2 0.1 0.1 0.1 2.4 0.0 0.0 1.30
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - -
Solar PV 0.0 0.7 1.3 25 0.1 1.0 1.3 1.8 32.9 5.7 5.9 79.09
Wind - Onshore 0.0 0.1 0.3 0.9 0.0 0.2 0.3 0.7 56.8 7.0 11.1| 941.53
Wind - Offshore 0.0 0.0 1.3 3.4 0.0 0.0 1.3 25 - - 8.8 -
Modern Biomass 0.0 0.2 0.3 0.4 0.0 0.2 0.2 0.3 - 4.4 4.0 -
Ammonia 0.0 0.0 1.2 1.6 0.0 0.0 1.1 1.2 - - 3.2 -
Hydrogen 0.0 0.0 3.1 10.5 0.0 0.0 2.9 7.6 - - 11.7 -
Power Import (Clean Energy) 0.1 0.4 2.1 4.3 0.3 0.5 1.9 3.1 9.0 16.7 6.9 29.72
Clean Energy 0.2 5.6 19.7 42.1 0.6 7.7 18.5 30.6 32.9 12.1 71| 172.08
Total 43.8 72.7 107.0 137.6 100.0 100.0 100.0 100.0 4.7 3.6 23 3.14

Source: [IEPMP Study Team
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In the primary energy supply mix, gas will remasthe largest energy source. Its relatively low
carbon footprint and the existence of domestic uipfrastructure will keep gas as the most preférr
energy. Clean energies such as renewable energganuand hydrogen (including ammonia) will
increase their shares, but the present primaryggrnsupply mix will be kept by and large where
traditional fossil fuels still play major roles.

4.4.2 Comparison with the Previous Natural Gas Plans

Pathway of atural gas demand will be of critical importancé8engladesh because natural gas will
be the most important energy source in terms ofvtleme and its usages among various demand
segments. Natural gas demand will keep growing, but the pacéowiltlewn. The demand growth will
be kept somewhat sustained. Various advanced tkagies that substitute natural gas will become
commercially available from the 2030s and onwards, and will gradually beeddofangladesh.
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Figure 4.4-2 Comparison with the Previous Natural Gas Plans
4.4.3 Energy-related CO:

CO HPLVVLRQV IURP HQHUJ\ XVH UHIOHKFWB/( 6N KH H MHPXBEWLRQ VRV
PP2041 will be much more moderate ab &tlllion tonsCO- in 2050 tharin REF PP204. Similarly,
that of ATS Inbetween will be evelower at 266 million tons€O; in 2050.
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Figure 4.4-3 Energy-Related CO, Emissions by Source

4.5 Points to Note

While it is quite a challenging target, the Advathd@chnology Scenario (ATS) is a wbklanced
scenario ashe energy demand outlook on which Bangladesh desiignfuture energy infrastructure
and the longerm energy policy.

The demand scenario is wttured with four pillars on the loAgrm energy policy, as far as
practicable and affordable, as follows:
1>' To enhance energy conservation and electrification of the demand.
2>' To maximize utilization of lowecost clean energies.
3>' To diversifythe types oEnergy sources
4>' To invest in the energy infrastructure prudently with a {targ view toward decarbonization.
The scenario envisages that years to 2050 wilhbgeriod of transition for Bangladesh to become a
“DecarbonizationrUHD G\ FRXQWU\ IRU HYHQWXDO DFKLHYHPHQW RI FDU

The adopted scenario assumes that the effect @@D-19 pandemic and geopolitical tensions
occurred since 2020 will be fugitive and would not affect the superttngtrends. On the other hand,
with the backdrop of accelerating concerns on dincdange, new technologies that we are yet to know
may emerge mucéarlier. All in all,asfuture is uncertain and unpredictable; the adopted scenario must
be examined and updated periodically in due course.
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Chapter 5 Power System Development Plan

ThePSMP2016, formulated in 2016, proposed a comprehensive energy and power development plan
up to 2041. However, since the timeitsfformulation, movements aiming at a low carbooieaty has
accelerated worldwide. In June 2021, the Bangladesh govercamcglledconstruction plans for 10
coatfired power plants. As PSMP2016 was already experiencing variou®rsyis became apparent
that a comprehensive review is necesdaryproperly incorporate recent movements. This chapter
develops a power development plan up to 2050 taking into consideration the lmanization
movements, while following in principle the concept proposed in PSMP2016.

5.1 Priority Issues and Viewpoints

Based on a lonterm demand forecast aadcareful review on the appropriate reserve maaje,
lead time for construction of power plants arathsmission facilities, and a timing when new-{cavbon
and decarbonization technologies can be applied, power system development plan addrimie
IEPMP,

Since the late 2010s, domestic natural gas alosd&eome unable to meet the growing teieity
demand brought by economic growth. Thus, severaldscgke power plants using imported fuel such
as coal and LNG have been newly built. Together with this, construction ptansderway for 400kV
and 765kV transmission lines along the coaghefBay of Bengal toward Dhaka, the demagdter
from the power soursesituatedin the south. In addition, electricity import from the neighboring
countries is also being planned.

An important change in this IEPMP is to take up low carbonizafifmnts, which are coming up as a
global trendAt the same time, it is a crucial issue how to sethe primary fuel supply foelectricity
generation

Under the above backdrop, the power development igldormulated with major principles as
follows:

a. Proactive introduction of clean energy

In keeping upwith the global current toward low carbonization, clean energiegé€newable energy,
hydrogen/ammonia thermal power, thermal powigh CCS, nuclear power, import of hydro power,
etc.) are proactively intduced. The clean power generation ratio atthin40%, the target for 2041,
and will further increase from 2042 onwards.

b. Policy shifts on construction plans of coal-fired power plants

After formulating the PSMP2016, the Bangladesh governmentdrallel construction plans for
10 coalfired power plant®bservingits manifestedmplementation prograrm responseo the world
movements towartbw carbonization. Some of the power plants hswéchedther primary fuel to
LNG/Renewables.
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c. Securing adequate supply reserve capacity

Thereserve capacity is the power source whose valogesdrom itsstanding byfunction. Even
whenit is not used tgenerate electricity, it is necessaryrtour the fixedcostaccording to thenstalled
capaciy. With this mechanisna haphazargower development tends to exceed the appropriate reserve
capacity causing an economic burdethe country. To improve the situation, a supplyeres capacity
rate is proposet maintain supply reliabilityor the ugrswhile minimizing the supply reserve capacity.

d. Renewable energy sources incorporated into supply capacity

In the traditional planning on electricity supply mix of Bangladesh, rellewanergy other than
hydropower has not been considered. Solar powennain source of renewable energy in the future,
cannot produce electricity in the evening when padeenand reaches its peak in this country. However,
the industrial structure of Bangladesh may change in the future and the power detteanadragy shift
to a daytime peak type as seen in Japan, Thailand, and other developescotiherefore, due
consideration should be given to renewable eneragiggospective future supply sources.

5.2 Electricity Demand and Supply Requirement
5.2.1 Electricity Demand

Electricity demand based time longterm energy demanditiook is describedarlierin Section 4.2.
It isasum oftheannualelectricpower consumption by each sectoorisumerk In formulating a paer
system development plan, it is necessary to esithat electricity demand €., annual electric power
amount and annual maximum electric power) at the generatingsewell as the daily load cur¥er
the daily operatingtatus of each power plant.

Whenroof-top solar power generation increageshe futurejts power outputvill not be included
in the supply capacityn grid but will becountedas a decrease @tectricpowerdemand affectingthe
shape of thalaily load curve significantly. This effect should also be considered whera@atinthe
maximum power demandyV) and the daily load curve.

a. Maximum electric power demand (MW) forecast

The maximum electric power demand (MW) forecastdach year is obtained as per the electric
energy demand (MkWh) forecast. Basically, the maximelectic power demand for each year is
derived based on the estimated annual load factor, which is shown below.

Table 5.2-1 Maximum Electric Power Demand

Maximum demand (MW) Annual growth rate
2019 2030 2041 2050 '30/'19 | '41/30 | '50/'41 | '50/'19
PP2041 12,893 29,257 58,597 96,767 7.7% 6.5% 5.7% 6.7%
In-Between 12,893 27,087 50,364 70,512 7.0% 5.8% 3.8% 5.6%

Source: IEPMP Study Team
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Figure 5.2-1 Maximum Electric Power Demand

The maximum demand in 2050 will reach®N for the PP2041 GDP case arids¥V for the In
between case. Up to 204he In-between projectiomvolvessimilarly asthe forecast in PSMP2016.

b) Estimation of daily load curve

In order to confirm the daily operation statt
of each power plant, daily load curves a 1%
estimated. Although accurate modeling of tl
future daily load curve is difficult, with  so%
expanding activities in commerce and indust

— 2021

in Bangladesh, it is expected thhe current &% :zgj?
evening peak type load curve will gradual ——2050
shift to a daytime peak type like Japan a  40% : - — - =
other developed countries. Thus, the daily lo Hours

curves of Japan, Singapore, Thailan Source: Study Team

Vietnam, and India, which are having mol Figure 5.2-2 Estimation of daily load curve

advancedeconomicactivities, are appliedfor
estimationof themaximumelectricpower demandn typical days

From a geographical point of view, although Thailand is located at a latitade than Bangladesh
and has a higher average temperatnog,muchdifference is observed in the temperature during the
high temperature perio&ince heyare under similar tropical savanna climate, thesgmeshape of the
load curve for Thailand is referred in estimation of the shape of Bangladesh's daiyl loure for
2050. The results are as follows. (Maximum demand day in April)

Daytime demand will gradually increase from 2021, and in 2050, the demand at 15:00c@md&hd
at 19:00 will become almost equal.
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5.2.2 Supply reliability/reserve capacity Figure 5.2-3 Impact of Roof-top Solar on Daily

Optimizing the amount of resen@apacity Load Curve (2050)
andthe frequency adjustmerdapacity is an
importanttaskin order tostrike a balance betweensaable supply of electricity and an inexpensive
supply of electricityTo this endit is necessary to secure a reserve capacity smtato interrupthe
supply adar as possible even in the event of unforeseen abiitieaasuch as unplannesitags of
generators or errors in demand forecasts.

Increasing the amount of the supply reserve capacity improves supply rglighititf it becomes
excessive, recovery dhe costs for power plant construction and O&M v adversely affected
leading to a risk of deteriorating the financiahdiions of electric power companies. Eventualig t
costs must be recovered with higher electric pdardfs, causing an econgc burden on the customers
of electric power. Therefore, the required supply reserve capacity be estimated through an
appropriate and transparent process.

a. Relation between LOLE and supply reserve capacity rate

The relationship between the supply resecapacity and the Losd-Load Expectation (LOLE)
based on the results of unplanned outages and the demand forecastingkpemesced in 2020 is
shown in the chart below.
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Figure 5.2-4 Relationship between supply reserve capacity and LOLE

By increasingthe supplyreserve capacity, the value of LOLE gradually dases, indicating that
supply reliability improvesThe graph shows that am extreme case of not securing@pplyreserve
capacity there will be a power shortage for about 190 days a peaording to this, thanecessary
reserve capacity rate achieve the LOLE target value is roughly caltedsas follows.

Table 5.2-2 Necessary reserve capacity rate

Target year TargetLOLE Ne:;;:;g :ztseerve
Presen2030 24 hours/gar Approx. 42%or more
20312041 12 hours/year Approx.44%or more
20412050 6 hours/year Approx.46%or more

Source: IEPMP Study Team

Currently, the reserve capacity rate of 50% or ni@secured even considering the derated capacity
due to the decline in power generation output. However, at the actual demand andisuggpin, the
expected supply reserve capacity rate may tirdgg@ow 10%, in which case LOLE will drop to about
130 days/ea. (If the same supply and demand situation continues for one year, about fohs mdint

fall underpower shortageonditions.)

In order to improve the above situation and maintain supply rf@alithin the target value of LOLE,
it is not desirable to newlgugmenthe reserve capacity. Rather, it will be more appropriate to reduce
the unplanned outage rate of generators and redaaeserve capacity required to achieve the LOLE

target value
According tothe actual results in 2020, on average, generator outputs of about 2,200 MW and 2,000
MW could not be expected every ddye to fuel constraints andrted outagesf power generation

facilities, respectivelyOn average, about 4,200 MW haween shut down unplanned. Considering the
total power generation capacity as of the end of FY2020, the unplanned outage &tewr@0%.
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b. Adequate reserve capacity rate

In the Revisiting PSMP2016, the target of reserve capacity rate was 2% through 2025, and
then gradually lowered to 12% for the period from 2036 to 2041. PP2041 follows gieisvalue and
plans to aim for a reserve capacity rate of 10% to 15% in 20®0ever, in order to satisfy this target,
it is necessary to greatly reduce the unplannedyeutate of power generation facilities. Considering
the fact that many of power generation facilities are dependent on IPP and tmebilitpef the fuel
supply system, it would be difficult to significantly reduce the unplanneaigeutate even in 2050.
Under the circumstance, the following are propoasdthe target of the reserve capacity rate in
formulating theln-Between

In order to reduce the reserve capacity rate asealhile simultaneously maintaining the LOLE
value as targeted, it is necessary to reduce timawle forecast error and forced outages of generator
Viewing the current status in Bangladesh, there beyroom for significant improvement in reducing
forced outages.

Table 5.2-3 Target of Reserve Capacity Rate

2030 2040 2050
Reserve capacity rate 30% 25% 20%
LOLE target (hours/year) 24 24 24

Unplanned outage rate

12% or less

11% or less

10% or less

Source: IEPMP Study Team

To reduce the reserve capacity rat@&®b6 by 2B0 and improve the LOLE value to 24 hours/year,
calculation applying the 2020 data indicates thit mecessary to keep the forced outagetoabelow
12% on average. It would beifficult to improve the forced outages caused bgidental failure of
generators in a short period of time, but the d/goal may be achieved by eliminating forced outages
due to fuel supply constraints. All power generation companies should strive te fecher outages
and keep their rate below 12% on average by 2030.

5.3 Electricity Supply by Clean Energies
5.3.1 Cost comparison of power generation options

Generating costs of various power generation options are shown ie Bigdr where th@enerating
costs of thermal power plants are calculated basdle projected crude oil pricaa the future years.
The generating costs of hydrogired and ammonidired plants, as clean powsource, are more than
double those of the cofitfed and gadired plants. Comparing ammoniimed and hydrogefired
thermal power plants, hydrogéined plants have a high¢hermal efficiencyin power generation and
lower fuel costslf CCS isapplied forgasfired powerplants the coswill increasdy US Cent.2/kWh.

68



CAPEX mO&M cost = Fuel cost mCCS

Natural gas [I] 6.2 2021 price 16.0
14.0 138
Coal | 47 Sending end :
Capacity factor=70% s 120 Wind off-shore @30%
Nuclear 52 =
O 10.0
a3 8.3
Ammonia | 17.0 2 80 7.2
8 5.9 5.9 5.8 o8
° 60 @ 9
Hydrogen I 14.0 = hd —e
8 40 Wind on-shore @25%
= 8 2.7
Gas+ccsill] 8.4 2 4.0 24 2.1
® 20
olar PV @20%
0 5 10 15 20 0o - ‘ ‘ _ Solar PV @20% ‘
Generating costs (LCOE) (USC/kWh) 2020 2025 2030 2035 2040 2045 2050

Source:Prepared by thEEPMP Study Teanfrom various material@VEO2021 IEA etc.)
Figure 5.3-1 Generating costs of various power generation options

Among renewable energiegeneratig cost of solar power is the lowest, around C&hts4.0/kWh
in 202Q and is expected to decrease further in the fulthiat of dfshore wind power generation in
2020is very high at around US Cents 14.0/kWh, isigxpected to decrease signifitly in the future.

5.3.2 Renewable energy generation plan

Assumptionn renewable energy generation deployment are suzedan Table 5.4. whichare
considered in the power supply plan.

Table 5.3-1 Renewable energy generation deployment plan

Advanced Technology S cenario
Item (Unit: MW) Availability
2030 2041 2050
Solar PV - 5,061 9.500 18,000
—Solar-park solar PV 20% 3,061 3,500 6,000
—Rooftop solar PV 18% 2,000 6,000 12,000
Wind Power - 750 7.575 20,000
—On-shore wind 25% 750 1575 5,000
—Off-shore wind 30% 0 6,000 15,000
Traditional biomass 80% 10 15 20
1;[1'::;;1; biomass (Waste to $0% 035 150 230
Hydropower By 2030:49.6% 230 230 230

SourcelEPMP Study Team

Generation capagitthat canmeet the institutional and technical challengesstimated for each
poweroption in particularafter 20301t is desirable to accelerate the efforts to addresshihbengs
so thathe capacity of renewable electricity generatiot @dceed tleseassumptions.

1) Solar PV

Amount of power generation leplarPV is estimatedor the amount of largecalesolarPV plants
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(Solar Park) and roehountedsolar PV (Rooftop solar PV). They are expected to increase in
Bangladesh in the future and are likely to account for a large proportion totahgolarPV installed

in the countryOn Solar Park, introduction plan up to 20B0assessed by thePMP Study Teamand
after 2030 Solar Partto be installed on theeclaimed river lands amentioned in the Bangladesh Delta
Plan areconsidered within a plausible extent

Rooftop solar PV will be increasingly installed for sedbnsumptionas well asselling electricity
through the Net Metering Syste It is consideredisthe easiest measures of introducing renewable
energy in Bangladesh, as it is less susceptidnibissues and floodingsks

2) Wind

For onshore wind power, a total of 5,000 M§\assumed to be installed on laaldngthe Bay of
Bergal, taking into account the windsource availabilities Bangladesh.

For offshore wind, its assumed that 15,000 MWIlirbe installed within the territorial waters offshore
the Bay of Bengal by 2050. It is considered that tllldbe substantiathdlenges compared to other
power sources described below.

3) Biomass (traditional biomass and waste-to-power)

For biomass power generationisiassumed that waste-power generation plasiend biogas power
generation using manure in rural areas will beailiesd. Traditional biomass may also be considesed a
fuel for power generation wheaglequateonditions are prepared.

4) Hydropower
There is no plan to introduce any laggalepower plants through 2050.
5) Pumped storage power plant (PSPP)

In PSMP2016nine PSPP candidate sites (installed capacity of eaehssb00MW) were proposed
in the Chattogram Hilly Area. Among them, No.17 site located in Thanchi ldpBaindarban District
is considered as the most promising site.

PSPP is a power source that doelsgamerate power by itself. It has the same funcii® a storage
battery, and serves as a peak supply capacitydasavith low annual load factors. For this reatmm,
fixed costs are a condition. In general, it is desirable that the unit cdimstrcast be USD 1,000/kwW
or less. A rough estimation of the unit construction cost for No.17 PSPP site i$,REBIkKW or more,
which is slightly higher than the standard unit cost that is generally thtubteconomical.

However, the installed capacityudd be increased to 900MW, while PSPP can provide a high speed
and wide range of frequency control capacity. Weésirable to conduct a feasibility study for thii®,
including an economic evaluation of the frequency control function.

5.3.3 Nuclear

In Bangladesh, construction of the Rooppur Nuclear Power Plant (1,200 MW x 2 units) located 14
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km west of Dhaka is underway, and is scheduled to start operatid@2m The nuclearpower
development plan up to 2050 is shown below.

Table 5.3-2 Nuclear Development Plan

2030 2041 2050
PP2041 2,400MW 4,800MW 7,200MW
In-Between 2,400MW 4,800MW 4,800MW

Source: IEPMP Study Team

The Rooppur Nuclear Power Plant lsaeom for an additional 1,200MW x 2 un{tetal 4 units) put
the next candidate site has not yet been decidedhis reason, if it becomes necessary to deviblep
fifth and subsequent units, a candidate site foiew location where a largmpacity unit such as
Rooppur can be installed will be selected atargecapacity unit will bebuilt. If a promising candidate
site cannot be found, one option is to install $iwebacity reactor€SMR: Small Modular Reactor) for
the required capacity. However, SMR is still in tevelopmentastage, and it is desiobe to select the
introduction of SMR after fully confirming its safety and economic effigjelmased on developme
trends and operating results of commercial SMRs around the world.

5.3.4 Thermal power generation systems contributing to clean energy

Figure 5.32 showstimelinefor introduction of hydrogen (¥} and ammonia (Nk) co-firing in gas
and coaffired thermal power systems.

The graph on the right shows the ratio of electricity generation in Banglades 2041, and the goal
is to haveup t040% of electricity generated from clean energy sesir To achieve this goal, it will be
necessary to introduce:tt 6% and NH at 2%.

The left side of thehartshows the timing of the introduction ofldnd NH; in gas and coaffired
thermal power systems. Although it will be necessargonsider specific plants fapplication in the
future, it will probably be necessary to apply fjiasd power plants with 20% hydrogen-iong
starting in 2037 and upgraded to 50% in 2@ésfired power plants with 100% hydrogen firiatarting
in 2040, and codired power plants witt20% NHs co-firing starting in 2035 and upgraded to 50% in
2040.After 2037, introduction of CCS should also be considered to further reduger@i€sions.
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PP2041 case (In-between case)

¥ Gas firing : H2 20% co firing for GTs will start around 2035 (2037).
and replace to 100% H2-firing GTs will start around 2040 (2040).
Gas-fired GTs with CCS will start around 2036  (2040).
» Coal firing : 20% NH3 co-firing will start around 2030 (2035).
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Figure 5.3-2 Proposals for introducing H» co-firing and NH3 co-firing

In order toachieve the clean energy goal, thermal power gearraystems will be introducingH
and NH;, which are known as clean energy fuels. In doing so, it is necessary to sgbvelileen of
how to introduce Kland NH;, which have higher fuel costs thaaturalgas and coal.

Table 5.33 showghe planned introduction of various thermal power generationsggges of 2041).
It shows the planned installation of large GTCC (gas turbine combyméa), medium and small simple
cycle GT (gas turbine), gas and oil fueled engiresl coafired USC (ultrasupercritical pressure
thermal power plants), as well as the number aftplthat use Hand NHs.

Table 5.3-3 Introduction Plan of thermal power generation systems (as of 2041).

[The case for up to 40% clean energy] [The case of only gas and coal without H2 &NH3]
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Source: IEPMP Study Team

The balance of these thermal power generationmgsie determined by prioritizing the generation
efficiency of each thermal power generation system.

As aresultas of 2041, 6 units of GTCCs with 100% Will be installed, while4 units of coaFired
USCs with 50% NH coHiring will be introduced.
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The left chart shows the generation costs whers ihstalled in GT and Nkis installed in coafired
USCC, and the right chart shows the generation costs whand-NH; are not installed. The generation
cost will be US¢&/kWh and US¢5.8/kWh, respectively; the cost increase by adopting théseville
be US¢1.kWh.

5.3.5 Gas Turbine (GT)

a. Trend of Gas Turbine (GT)

As shownin Figure 5.33 q, the eficiency of large GTs has improved by about 25% over the past
20 years, reducing fuel costs and power generation costs by 25%Mgdgl,701D: 34.8% in 1981
701JAC: 43.4% in 2021). In addition, as shownrin small and mediurrsized simplecycle GTs can
play an important role asload flexibility capabilitywith high load changing rates. Thugenmoving
toward a future target afp to40% clean energy, load flexibility capability wglay an important role
in contributing to higer efficiency of gas turbines and stabilizatiorihef power system.

GT More than 20 MW (GTW 2022, 50 Hz)
700 | (1) Base-load high-efficiency GTs that 50
P— | can contribute to COZ reduction L= 4
600 gt - Tt e® T o
. =B . o B v . L
N T . e L Vv
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Figure 5.3-3 Trend of gas turbine (GT).

b. Gas turbine with load flexibility function

Figures.3-4 showshermal power systems that can adapt tcetlacofRE expansionThe horizontal
axis shows the load changing rate and the vertical axis shows the minimum load.
x USC: In existing USC, minimum load is around 30% and load changing rate is arounoh1%/
The minimum load for latest USC is 15%, and the load chgngite is expected to be 5%/min.
X GTCC: Of theexisting GTCC, minimum load is around 50% and load changingsaeund
8%/min. The minimum load for the futu®TCC will be 25%, and the load changing rate
14%/min.
Simple cycle GTThe load changing rais expected to be 20%/min.
Engine: The load changing rate is expected to be 20%/min. The minimum R&8d.is
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Figure 5.3-4 Thermal power systems that can adapt to the RE expanding era

c. Gas turbine that can contribute to CO; reduction through H, co-firing

H> cofiring is possible in gas turbines using naturad ¢@H:) as the main fuel. Major gas turbine
manufacturers around the world are working hard to devejaghhbustion, and by 2030, commercial
operation of large GTCGaill be possible. Demonstration tests have alrdzeiyn completed for small

gas turbines, which are being developed ahead of other gas turbines, arahtbeyrtroduced around
2025.
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Source: IEPMP Study Team
Figure 5.3-5 Diagram of the Hz co-firing GTCC power generation system

Figure 5.3-5 shows a diagram of the ¢d-firing GTCC power generation system.

x Facilities shown in gray lines are GTCC systeméetiby natural gas.

X The red lines are facilities forato-firing. Liquefied NHs is imported from overseas because it
is easy to transport. Liquefied NHs transported to the power plant via pipeline. Thes MH
then reformed to Hin the power plant and supplied as fuel for the gas turbine. (Future plan)

X The blue line is a facilityo recover CO2 from the exhaust gas after thewhse has finished

its work. The CQ captured here will be used in CCS (£Capture & Storage) to further reduce
CO; emissions. (Future plan)

Thus, the GTCC system can be used as a-tapacity stable gwer sourceof a highefficiency
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power generation system using gas fuel from the tihcommissioning. After that, the system can
contribute to CQreduction by H combustion, one of the clean energy sources, according to the needs
of the times. In timesvhen further CQ reduction is required, CCS can be introduced to achieve zero
emissions.

5.3.6 NH3 co-firing with coal

The global environment surrounding chiaéd power generation is becoming more and more
challenging every year. Even thermal power gatien systems will be required to contribute to,CO
reduction in the future. In responethis the IEPMPStudy Teanproposed the following targets for
2041.

“ 10.9GW of coalfired power plants are expected to be in operation, of which 40% will be clea

P ~In case of NH3 co-firing [Coal firing thermal power] [NH3 co-firing with coal]
“—-. rl -’0 l Original plan in 2041 £ Proposal

_r NH3 tank &"hr Total capacity :10.9GW |7 | NH3 co-firing capacity : 1.2GW

:" : L "" | Operational units : 19 MH3 co-firing units  : 4
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Coal firing units 119
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[No.fnal Fower Plants 2020s. [ [ T2ms [ T T T T T T [ 20408 | [ | 20805 | | [ 2] 2060s
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|
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|

w
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Source: IEPMP Study Team

Figure 5.3-6 Timeline for introduction of NH3 co-firing in coal-fired power plants.

In consideration of the abovaentionedcircumstancetimeline for introduction of NH codfiring at
coakHired power plants is shown in Figure 5.3-6.
X The IEPMP Study Team has recommended the life ©fcecoalfired power plant as 40 years.
X NHjz combustion will be introduced in cefited power plants to reduce G@missions The
first unit is targeted fo2030(PP2041 case) @035(in-between case)
x  Eventualy, the introduction of abowix NH3 co-firing units in a 600 MW class ceéited power
plant would contribute to achieving the upit@®o clean energy target.

5.3.7 Key words for achieving up to 40% clean energy in power generation

Figure 5.37 illustrates issues on electricity supply secur@wen the geographical conditions of
Bangladesh, future fuel procurement is likely todmmcentrated in the Matarbari port. Under this
backdrop, it is necessary to consider a power gugiplicture with a variety of fuels and fuel regsv
to avoid security risks as much as possible. In this regard, it is emptotwork on a muHiuel approach,
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Source: IEPMP Study Team

Figure 5.3-7 Energy security considerations
To this end, it is important to consider the role of the innovative #igrower as follows:
a. Highly efficient GT

Highly efficient GTs have reduced generation costs@C; emissions by 25% ovéine pasP0
years. Furthermore, application of+hixed comlustion GT can contribute to the achievement
of up to40% clean energiyn the power mix in 2041.

b. Energy Security

When considering the mix of thermal power supply, it is necessagngider "risk hedging,"
"hazard diversification," and "negotiation options" for fuel procurement.

c. Hafor GT, NHs for coalired power

The increase in theverall power generation cost by introducing t& GT and NH to coal
fired power plant is only US/4/kWh.

d. Establishment of a mechanism to prioritize the operation cdridl NH

In order to achieve thtarget for2041, t is necessarto establish a mechanism to prioritize the
operation of power generation systems that usartd NH.
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5.3.8 Electricity import

Bhutan, Nepal and the northeaste o
states of India have abundant hydropow =
potential. The purchase price of the: 28
electricity is assumed to be cheaper th
other options that contribute to lov .
carbonization. In order to realize powe
imports from such countries and regior
it is important to discuss with the trans
country as well as the importing partne

;
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thermal power plants planned around t
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Source: PGCB
Figure 5.3-8 Cross border power trade with Neighboring
countries

In importing power from other countries, risk of supply interruption caused by adversensigis
with themmustbe considered. Electric powemlike other types oEommadity is technically easy to
shut down which could be done even in minutd®reforeit is necessary to avoid excessive reliance
on other countries in order not to place oneself in a serious situation. Spegcifftalcapacity of
imported power from one country should be within the limit of generating reservetgaat also
10% of all supply capacity in order to continue the supply in the event of suggiyptton. In the case
of Bangladesh, imported power from Bhutan and Nepadtbe transmitted through India. Therefore,
power importdrom the neighboring countrieshould bekeptwithin 10% ofthe wholesupply capacity.

In general, demand equivalent to the peak load, defin@8%sr more of the maximum load, occurs
for approximately 100 hours on 25 daygear assuming 4 hours of daily peak hoBmcethe system
wouldtolerate 5% ofheload sheddingnly during sucHimited peak hoursit is considered that power
import through the Indian grid may becreasd to 15% of the total supply capacity in Bangladesh.

The import volume at one interconnection point is determined by the amount of frefluetation
at the time of dropout. In a general grid, the frequency fluctuation antkeofi dropout is less than 1
Hz up to about 10% of the demand, and it is possible to restore the standard freguesigri time
without collapsing the grid. In 2050, the maximum power demand is expected to be 70.5GW (In
Between) and the minimum demand is expected todaend 30GW. Therefore, if the primary reserve
can be properly secured, up to about 3GW of imports can be allowed at one intdronrpoéct.
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In addition, in Bangladesh, demand is low in winter, and it is assumed thatwhiebe excess
capacity in supply capacity. On the other hand, in Nepal, Bhutanhambttheastern states of India,
where hydropower is the masource of power supply, winter is the dry season, and hydropower supply
capacity drops dramatically, raising concerns alaosiiortage of supply capacity. If fuel shortages a
resolved in the future, it is expected that eleitirimports from neighborigp countries will be curbed
during the winter season, and if there is a surplus, electricity wikperted to these countries.

5.4 Power Source Development Plan
5.4.1 Power development plan (PP2041)

a. Overview of power development plan

The total capagytof existing power plants in operatidisted as‘Existing” in the table 5.4 below
is 21.5GW in 2021, which will decrease to 6.7GW in 2041 due teethdarretirement of these power
plants. After that, the capacity will gradually degse, and by B0, almost all power plantgperating
todaywill be retired.

Table 5.4-1 Overview of Power Development Plan: PP2041

(Unit: GW)

2021 2030 2041 2050 '21-'30 | '31-'41| '42-'50
Existing 215 16.0 6.7 1.4 -5.5 -9.4 -5.3
Committed 0.0 18.0 17.7 4.0 18.0 -0.3 -13.7
Planning 0.0 2.8 14.0 13.9 2.8 11.2 -0.1
Candidate 0.0 5.0 39.2 102.7 5.0 34.2 63.5
Supply Total 215 41.8 77.6 122.0 20.4 35.8 44.4
Maximum Demand 14.3 29.3 58.6 96.8 15.0 29.3 38.2
Reservecapacity 7.1 12.1 16.5 14.9 5.0 4.4 -1.5
Reserve capacity rate 50% 41% 28% 15%

Source: IEPMP Study Team

Therefore, in order to fill the gap between the stgankcreasing electricity demand year by year and
the everdecreasing capacity of existing power sources, netsessary to steadily develop new power
sources. As for new power sourcélle so-called ‘Committed” power sources, which are under
construction or have reached the stage of powehpaecagreementsoneare insufficient, so it is also
necessary to consider potential power sourt¢B&arfning”, “Candidate) as an additional supply
capacityAn overview of the power development plan in PP2041 is shown below.
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Figure 5.4-1 Overview of the power development plan: PP2041

In the 2020s, there are many “Committed” power sesirso the reserve capacity rate exceeds 60%.
During the 2030s, the reserve capacity rate will remain at around 50% due tontestraithe
development of candidate power sour¢Bsaining”, “Candidate) for additional supply capacity. After
2040, most of the new developments are “Candidates” whostidnsare yet to be specified By
adjustingwith the amount of new development, the reserve capacity rate will be reidutedtarget

value of about 15%.

The composition of the installed capacity according to this plan is shown below.

140.0 137.8
14.7 Import 8% 10% 11%
1200 = Biomass 65 -
4%
= 100.0 ® Ammonia 4%
: 1%
% 86.1 = Hydrogen 2%
> 80.0 Gy 200 Solar =
2 e 48%
§ =Wind . 5%
g 60.0 52.6
3 = Nuclear 29%
= 400 Hydro
k7 41.8 11% 46%
£ 20.0 21.7 mGas, LNG
' = 0il 20%
0o — MEM [ oo | - coal
2021 2030 2041 2050 2021 2030 2041 2050

Source: IEPMPStudy Team
Figure 5.4-2 Composition of the installed capacity: PP2041

Gasfired thermal power accounts for the majority of the power source compositionvaays dlas
a share of more than 1/3. @iled thermal power, which currently accounts for 34%hef total, will
gradually decline due to retirement, and will be around 1% in 2050-fitaédthermal power currently
accounts for 8%, and will increase to 20% in 2030, but will drop to 2% in 2050 with gratitsanent
Towards 2050, the ratio of wind power and hydrefiexd thermal power will increase, and the
composition ratio in 2050 will be 17% and 19%, respectively.
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b. Supply cost

Supply cost and the composition ratio of generated power is shown below. The supjdyacos
indexed value with theucrent (2021) figure set at 100.

100%
9% 10% : o Import
Biomass
80% 9 ®  Ammonia

= Hydrogen
60% Solar
m \Vind
20% mmm Nuclear
Hydro
Gas, LNG
20% & 31% = Ol
mmm Coal
0% —— —e—|COE

2021 2030 2041 2050
Source: IEPMP Study Team

Figure 5.4-3 Supply cost and the composition ratio (PP2041)

The supply cost will drop to around 80 points in 2030 and then rise, but wiliréelaw the current
level. At present, the compositiof gasfired power plants with high fuel cost is high. But in 2030, it
will decrease sharply, and instead, the composition offaedl power plants with lower fuel cost will
increase. As a result, the supply cost in 2030 will drop by about 20 percentaggefimon the current
level. Towards 2050, the composition of ctiedd power with lower fuel cost will decrease, Vetthat
of hydrogenrfired power and gafired power with CCS, which have high generatingtspwill increase.
However, most of the gdired power plants that will be newly developed after 2030 will be the latest
combinedeycle models with significantly higher thermal eféincy than the power plants currently in
operation. Therefore, even after 2040, supply costs will remain at dysligher level than at present.

c. CO, emissions

Changes in C@emissions in the power 7849

sector are shown in Figure 544 All data 700 | Demand
. . —8—CO femissions
are indexed with the present (2021) as 1 ° | 0 e Jor
CO; emission rate will gradually decreas  °®
. . 400
due to the increase in renewable energy ¢ w00 2708
hydrogenfired thermal power, which do no

200 210.3

emit CO; at all, and it will drop to less than 100 o 65.4 345
. 912
half of the current level in 2050. Howeve 0 : : : : '
2020 2025 2030 2035 2040 2045 2050

electricity demand will increase about
times from the current level, so GO
emissions will increase about 2.5 times fro
the current level.

Source: Study Team
Figure 5.4-4 Changes in CO; emissions in the power
sector (PP2041)
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Changes in the clean energy ratio
shown in Figure 5.45. The ‘Clean
energy refers toa power source tha
does not emit C® at all, including
renewable energy (solar, winc
hydropower), nuclear power, ammoni:
fired, and hydrogefiired thermal power.

70%

%
00% ——Rate of Clean Energy 55.4%

50% ——Renewable Energy

2041:40.2%
40%

30%

Rate of clean energy

20%
12.2%

10%

Currently, it is very small at about 4% 0% ‘ ‘ ‘ ‘ ‘ |
but it will gradually increase with the WEEER RO EER om0 Eme o
development of clean power sources. Source: Study Team
will achieve 40% or more in 2041, th Figure 5.4-5 Changes in the clean energy ratio
target year, and will gradually increas (PP2041)

thereafter, reaching about 55% in 2050.
d. Public-Private Ratio of Power Development

In general, the ratio of public and private sestopower generation capacity is setthg government
and/or its egulatory bodiefrom thefollowing three perspectivese., ensuring healthy competition in
terms of price and efficiency, maintaining supgbmand balance and stable supply, and ensthrang
national energy security.

The ratio of installed capacity the public and private sectors is currently ab@%b%andaboutthe
same. Until around 2040, the power generation facilities of goverraffdisited power generation
companies other than BPDB, which belong to the public sector, will increabe) a041the ratio of
public sector will exceed 70%. After that, the development of power plantdich the business entity
has not been decided will increase. However, elvelhthese developments are entrusted to the private
sector, it is possible to seclagublic sector ratio of around 40% in 2050.

140 100%
120 60% 0
[v)
100 49%
58.0

=
e
>
.§ 80 ®Unknown 60%
Q_ «
© ® Private
S 60 _ 40%
g 40 ® Public 64%
o}
20%

D 20

0 0%

2021 2030 2041 2050 2021 2030 2041 2050

Source: [IEPMP Study Team
Figure 5.4-6 Ratio of installed capacity (Sector wise: PP2041)

e. Location of power plants

The breakdown of supply capacity in each region is shown below.
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Figure 5.4-7 Breakdown of supply capacity in each region (PP2041)

Currently, the ratio is high in the Dhaka, Cumilla, and Sylhet regions, wiediase to domestic gas
production areas. However, in the future, the ratio of Barishal andoGreth regios will increase as
theyare located inhe coastal areas with advantagesupply of imported fusl

After 2035, the number of power plants whose locatiamsyet to bedetermined will increase,
reaching 61 GW (50% of the total) in 2050. These power plants need to be demidéoefviewpoirg
of the supply and demand balance in each region, the availability ofafheklthe cooperation with
construction of transmission and transformatioiilifees (especially the backbone system).

5.4.2 Power development plan (In-Between)
a. Power source mix in 2050

Maximum power demand at-Between in 2050 is 70.5GW, and in order to secure 20% of reserve
capacity, supply capacity of about 84.6GW is regpliiiT he installed capacity includes renewable gnerg
(26.2GW) such as solar and wind power, which can hardly be expected to supply pomgerthd
evening peak hours, bringing the total installed capacity to 110.8GW. Of this, 45.5GW\llLB&)
imported electricity, hydropower, nuclear power, and renewable energy, and #igimgr5.3GW will
be covered by thermal power.

Then, & analysis is conducted to find can effective combination of fuel sourcemmongthermal
powers.Since anmonia and hydrogen are known todxpensive, they are excluded fronstanalysis,
and thethreeelementcombinations of codired, gasfired, and oilfired power are examineéigure
5.4-8shows changes in power generating cost and €@fissions when the installed capacity of oil
fired power is fixecat OGW and 8GW and the ratiof coalfired power and gafired powerarechanged.
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Figure 5.4-8 Relationship between coal-fired power plant capacity and power generating cost

Whenthe amount of codired power increases, power generating cost gthddedines, while CO,
emissions gradually increase. If the installed capaof oil-fired powerwere 8GW, the power
generating coswill be slightly lowercompared withithe casewith no oil-fired power plants. There is
almost no difference in CQemissions degnding on the installed capacity of oil-fired power plants.

Figure 5.49 showsthe case

when the installed capacity o 750 e

. . . = —e—Generating cost <

coalfired power is fixed at % _ CO femissions 7.44 g

around 10GW and compositiol ¢ g
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Figure 5.4-9 Oil-fired power plant capacity and power
generating cost

operating rate is extremely loand plant is used as peak supply capacity. It is economical to develop

oil-fired powerup to 6GWor about 5% of the totalapacity However, tlere is no significant difference
within the range of 2GW to 8GW.

Based on these results, a comparative evaluatioonducted for two scenarias explained below
in order to optimize the power mix in 2050.
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Table 5.4-2 Composition ratio of each scenario

Least cost Fuel diversification
kW kWh kW kWh
Gas/LNG 34% 32% 27% 30%
Coal 20% 32% 10% 17%
Import 12% 14% 14% 16%
Nuclear 4% 7% 4% 7%
Liquid Fuel 6% 0.8% 6% 0.8%
Hydro 1% 0.2% 1% 0.2%
Hydrogen 0% 0% 10% 10%
Ammonia 0% 0% 5% 5%
RE 23% 14% 23% 14%
Total 100% 100%

Source: IEPMP Study Team
The results of the scenario comparison are shovawbe

Table 5.4-3 Results of scenario comparison

Least cost Fuel source diversification
Generating cost USC 7.1/kWh USC 8.3/kWh
CO, emissions per year 198 Mton 96 Mton
Clean energy ratio 33.8% 66.2%
Continuously suppliable dayp 39.5 days| 32.4 days

Note: Continuously suppliable days are the numbeags that only stockpiled fuel can supply whea tise of imporport
is unavailable (assuming 80% of the storage capesihains).

Source: IEPMP Study Team

In the “Least cost” scenario, power generating dessignificantly lower than “Fuel source
diversification” scenario. However, even in 2050, the clean enelgyisé3.8%; far below the target
value of 40% in 2041. In addition, G@&missions are more than double that of the “Fuatcso
diversification” scenario, and it cannot be adopted from an environmentabpwistv.

The “Fuel source diversification” scenario is inferto the “Least cost” scenario terms ofpower
generating cost. However, because of the diveasifin of fuel sources, the plan is wbllanced in
terms of cost, environment and energy security.

In view of the above analysig is considredefficient to aim for the composition ratio of the “Fuel
source diversification” scenario in 2050, which is the optimal power source coimpogihen
formulating the power development plan up to 2050.

The basic concept for formulating a power source development plan is shown below
a. The “Fuel Diversification” scenario is the optimizescenario for the power development

84



planning. So, théuel composition ratidndicated inthe “FuelDiversification” scenariawill
be achieved in 2050.

b. The power generation projects that are under constructidaramdhe publictendering stage
have been considered as the “Committed” power glant

c. Renewable energieseconsidered tbbe developed as much as possiizleed oithe potential
and development schedule.

d. Onintroduction oBmmonia/hydrogefired power generation and CCS, fohtowing amount
and timing are considered in view of the technolpgygress expected at present
,  20% ammonia cdiring in coaklfired power plantsfrom 2035 onwards
,  20% hydrogen cdiring in gasfired power plantsfrom 2037 onwards
,  Hydrogenfired power plantsfrom 2040 onwards
,  CCS in gadired power plants: from 2040 onwards

e. Requirementfor new capacity (“Candidate” and “Plannediigs been calculatdd meetthe
target of reserve capacity rate shown in Table35.2

The power development plan formulated based on the abolscussedbelow.

b. Overview of the power development plan

The total capacity of existing power plants in operation (“Existing”) is 21.5&%021, which will
decrease to 6.6GW in 2041 and 2.9GW in 2050 due to the regular retirement of thesalgoaaer

Therefore, in order to fill the gap between the stgankcreasing electricity demand year by year and
the decreasing capacity of existing power souitissnecessary to steadily develop new power ssurc
As for new power sources, -salled “Committed” power sources, which are undemstruction or
tenderingstage,alone are insufficient, so it is also necessary to casiootential pwer sources
(“Planning”, “Candidate) as additional supply capacign overview of thepower development plan
in In-Between is shown below.

Table 5.4-4 Overview of Power Development Plan: In-Between

(Unit: GW)
, , , , '42
2021 2030 2041 2050 | '21-'30 | '31-'41 250
Existing 21.5 15.8 6.6 2.9 -5.7 -9.2 -3.7
Committed 0.0 19.6 19.1 11.5 19.6 -0.5 -7.6
Planning 0.0 0.0 12.5 12.5 0.0 12.5 0.0
Candidate 0.0 0.0 25.0 58.1 0.0 25.0 33.2
Supply Total 21.5 35.4 63.1 84.9 13.9 27.7 21.8
Maximum Demand 14.3 27.1 50.4 70.5 12.8 23.3 20.1
Reserve capacity 7.2 8.3 12.8 14.4 1.1 4.4 1.6
Reserve capacity rate 50% 31% 25% 20%
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Figure 5.4-10 Overview of the power development plan (In-Between)

In the 2020s, there are many “Committed” power sesirso the reserve capacity rate exceeds 60%,
which greatly exceeds the target value showrainle 54-2. In the2030s, the reserve capacity rate will
remain at around 30% due to restraints on the development of candidate powes $Blanning’,
“Candidate) for additional supply capacity. After 2040, most of the new developmentSaneitiates”
whose locations are yet to bpecified,andby adjusting the amount of new development, the reserve
capacity rate will be reduced to the target valugbmut 20%.

The composition of the installed capacity according to this plan is simofigure 5.411below.Gas
fired thermal power accounts for the majority of the power sauiggand has a share 40% or more
up to 2041. Oiffired thermal power, which currently accounts for 34% of the total, veitlgally decline
due to retirement, bwith a certain amount afew development, it will be about 6% in 2050. Goal
fired thermal power currently accourfits 8%, and will increase to 24% in 203QutBhere is almost no
additional capacity to be developed after tlaaigl the ratio will gradually decline to 10% in 2050.
Towards 2050, the ratio of wind power and hydrefjerd thermal power will increase, aribe
composition ratio in 2050 will be 18% and 10%, respectively.
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Figure 5.4-11 Composition of the installed capacity (In-Between)
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c. Supply cost

Supply cost and the composition ratio of generated paweeshowrin Figure 5.412. The supply
costis an indexed value with the current (2021) figure set at 100.

The supply cost will drop to around 80 in 2030 and then rise, but will remiahv bee current level.
At presentthe composition 6 gasfired powerplantswith high fuel cost is high. But in 2030, it will
decrease sharply. Instedlde composition of coafired power plants with low fuel cost will increase
As a result, the supply cost in 2030 will drop by about 20 points from the currenfliewekds 2050,
thecomposition of coafired power with low fuel cost will decrease, whitetof hydrogenfired power
and gadired power with CCS, which have high generating costs, will increase. Howewest of the
gasfired power plants to be newly developed after 2030 will begtiesi combinedycle powemodels
with significantly highertiermal efficiency than those currently in operation. Therefore, ever28#6r
supply costs will remain at a slightly lower letiean that at present.
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Figure 5.4-12 Supply costs and the composition ratio (In-Between)

d. CO, emissions

Changes in C®emissions in the powei 800
sector are showim Figure 5.413. All data 700 [_— -5 crissions
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Figure 5.4-13 Changes in CO, emissions in the
power sector (In-Between)
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emissions will increase abof@ttimes
from the current level.

Changes in the clean energy rat
and renewable energy ratio are \who
below. The Clean energyrefers toa
power source that does not emit £
all, and includes renewable enerc
(solar, wind, hydropower), nuclea
power, ammonidired, and hydrogen
fired thermal power.

Currently, it is very small at abou
4%, but it wll gradually increase with

the development of power sources that
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Figure 5.4-14 Changes in the clean energy ratio (In-
Between)

do not emit CQ at all. In 2041, the target year, it will be about 40%, and it will gradualkgase
thereafter, reaching more than 60% in 2050.

e. Public-Private Ratio of Power Development

The ratio of supply capacity in the public sector and private sector is shdvigure 5.4-15 élow.

In general, the ratio of public and private seetiggower generation capacity is sethy government
or its regulatory bodiesom thefollowing threeperspectives.e.,ensuring healthy competition in terms
of price and efficiency, maintaining supgdgmand balance and stable supply, and ensuring national

energy security.
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Source: [IEPMP Study Team

Figure 5.4-15 Ratio of supply capacity (Sector wise: In-Between)

The ratio of installed capacity in the public and private sectorsisrilyr about 50% and about the
same. Until 2030, the power generation facilities of govermaffiinted power generation companies
other than BPDB, which belong to the public seatillincrease. After that, the development of power
plants for which the business entity has not besgidéd will increase. However, even if all these
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developments are entrusted to the private setierpbssible to secure a public sector ratio ofiad

40% in 2050.

f. Location of power plants

The breakdown of supply capacity in each region is shown in Figure 5.4-16.

Currently, the ratio is high in the Dhaka, Cumilla, and Sylhet regions, wiealiase to domestic gas
production areas. However, in the future, the ratio of Barishal andoGran regions will increase, as
they are located in coastal areas having advantagke supply of imported fuel.

100

100%

11%

6%

Unknown
- 80 9 Sylhet 80%
= 8 Rangpur
> 60 7 Rajshahi 60%
ks . 8%
§ 6 Mymensing -
; 20 m 5 Khulna 40%
% - 4 Dhaka
S 0 6 20%
92 5 _— ® 3 Chattogram oo 16%
| 128 138 .
m 2 Cumilla
— — 13% 14% 0,
0 — 4.7 8.8 8.5 1 Barishal 0% 10% 10%
2021 2030 2041 2050 2021 2030 2041 2050

Note: Excluding solar and win@€andidate projects are counted as Unknown.
Source: IEPMP Study Team

Figure 5.4-16 Breakdown of supply capacity in each region (In-Between)

Transmission planning based on the imbalance between supply and demand in eachs reg
discussed in Section 5.5, Transmission System Planning.

After 2035, the number of power plants whose locations have not been determined widleincrea
reaching 42% of the total in 2050. These power plants need to be decided from th@ntievthe
supply and demand balance in each region, the availability of fublha cooperation with constriart
of transmission and transformation facilitiespecially the backbone system.

For many of these “Unknown” sites, replacementxa$teng facilities will be considered. If a new
power plant is to be constructed on the same fidetae site has beeheared, there will be a period of
at least three years during which no power carebeigted. Therefore, it is desirable to construneva
power plant on idle land within the existing site and clear the existingits#ifter the construction is
comgeted. However, if there is not enough idle land within the existing site, one wagute s#le land
is to relocate facilities that are not directlyateld to power generation (for example, traininglifaes,
workshops, and company housing etc.) al¢tshe site.

g. lIssues in Power Development Plan

(1) Diversification of supply sources
In this plan, gas and LNG will have a share of more than 30% until 2041 in both powatigene
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capacity andhe amount opowergeneratedAs domestic gas production is decliningretent
years, LNG import needs to be increased as discussed in Chapgioslld be noted that locations
for deepwater postto receive oceanlass LNG carrierarelimited in Bangladeshand that LNG
storagetanks arevery costlyfor storingLNG in largequantities. To enhance energy security at an
affordable cost, diversification of fuel sources should be considered with alu®rs on
overdependence on LNG import.

(2) Ensuring fuel supply security

Coalfired power plants have advantageserms of fuel supply securitigr large stockpiles can
be secured relatively easily. However, there igotentialrisk of restrictions imposed on the
movemerns of coal fuel in the future due to environmental concerns. In order to avoid supply
disruptions due to fuel shortages in such situationfiriog of ammonia in coafired power plants
will enable power generation to continue even in the evestiatagen either fuel.

In preparation for a case of gas supply shortags,necessary to accelerate exploration and
development of indigenous gas resources and, at the same tirnasiec installation of power
plants that can be run by other fuels such as HSD, hydrogen, etc.

(3) Securing peak supply capacity

It is desirable to secure about 20% of the totataited capacity as peak supply capacity.
Basically, the gas turbine, which is a poweunrse with low fixed cost, will be the peak supply
capacity, it because the HSD fuel cost is high, Hfed gas turbinewill cost more than the
combined cycle even at a load factor of 5%.

The role of each power generation facility chanpess time. Even if it was the latest combined
cycle facility at the beginningf operation, the priority of operation was lowered as new equipment
was introduced. Facilities with significantly lowdghermal efficiency than statd-theart
equipment will change their roles from base to middle, and finally to peak supglgityaln this
way, it is conceivable that outdated combhugdle facilities will be responsible for peak supply
capacity. So, it is not always necessary to dev2® of the total development capacity as peak
supply capacity.

(4) Securing frequency control cagity

In order to secure the frequency control capaditig desirable to introduce facilities such as
hydropower (including pumped storage hydro), gas turbines, and engines that have adhigh loa
change rate. In particular, with introduction of renewadslergy such as solar and wind power,
whose output is affected by weather conditions and whose power generation ik thfficutrol,
fluctuations on the supply side will tendimarease. As a result, the importance of frequeocyrol
capacity is inceasing. It is desirable to promote introduction of power generation equipmtient
a large frequency control capacity as far as ecamefficiency permitsAll the users of grid shall
obey the grid code for the discipline of the national grid.
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5.5 Transmission System Plan
5.5.1 Key Issues of Transmission System Planning

Regardingthe transmission system planning, the following threets are important and priority
issues.
(1) Increase of South to North Power Flow
(2) Reliability improvement of supply netwotk Capital Dhaka
(3) Interconnection

Appendix D contains a review of the past plans and the situation surrotinéifigure transmission
system that serve as the background for thesesken$, as well as a list of referenced reportsaand
map showing the zones that indicate the ,aaed anoutline of 230kV, 400kV, and 765V backbone
transmission netwoddor different timelines

5.5.2 Increase of South to North Power Flow

1) Overview of the issue

In the future, with increasing fuel imports for power sourcegglscale power plants will often be
located in coastal zone$§Barisal and Chattograthat receive fuel. Surplus power generated in Batis
& Chattogram Zonevill need tobe transferred to other deficit Zones, particularly around Dhaka.

There are difficultiesn constructingadditional 400 kV or 765 kV transmission lines from Barishal
Zone to Dhaka becauseaheed for crossing a wide river and high cost associated with it. On the other
hand, construction of a new transmission line from Chattogram Zomhaka faces a technical
difficulty of ensuringRight of Way (RoW) through the narrow corridor of Feni area between the coast
and the border, and the river crossing sectionwatdliganj, Narayanganj area.

The power generated in Barishal & Chattogram Zwitiebe transmitted to Dhaka after subtracting
the power consumeldcally. Therefore, the required capacity of transmisdioes from Barishal &
Chattogram Zon& Dhaka will become less if thecal demand increaseés thefuture

2) Outlook for transmission capacity considering difficulty of transmission line construction

First, regarding the transmission line fradarishalto Dhaka, a 400 kV d/c transmission line is
currently being constructeahd another 400 kV double circuit transmission line is plar@edsidering
the future generation plan in Payra, another Padma River crossing (8naielyrhave to be constructed
after the 2nd 400 kV line. In considerationtioé difficulties being faced during the construction work
of the 7km-long Padma River crossing and to reduce the impad®adma Rivenavigationwith a
fewernumber oflines, one 765 kV largeapacity transmission lirmuld have beeplannedather than
the2nd 400 kV lines construction. However, it has been decided that the senwrdission line is to
be built at 400kV.

Next, at present ChattograReniDhaka direction has one 132 kV double circuit, and one 230 kV
double circuit transmission line from Chattogram to Dhaka passing threumjbIstrict. Besides these,
MaunaghatMeghaghat 400 kV double circuit transmission line which is under construstialsa
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passing through Feni as the third line in this zone. During the construction of rithisnkj managing
RoW was challenging in various argaspecially, in the 20 km narrow corridor tine Feni area.
Therefore, it will be very challenging to construct the proposed ChattegeaiDhaka 765 kV
transmission line as the fourth line within thigian by ensuring the necessary RoVéhouldbe nded
thatthe RoW required for a 765 kV line is 116 meters as per Electricity Rules 2020.

Based on the above, transition of the transmission capacitiesHedarishal & Chattogramzones
to Dhaka is summarized in Figure 8.5The capacities shown in tfigure are, in the sense of the upper
limit, the conductor capacity thetotal facilitiesduringN-1 contingency. It is assumed that it is possible
to operate without imbalance for each transmissomte, and that constraints such as stability can be
addressedHowever, interzone power transfer capability shall be assesddtailconsidering thermal
capacity, voltage regulation,-Ncontingency and stability limit.

3) Zone-wise demand forecast

Zonewise demand forecasts are extrapolated to 2050 efdrence to the zoneise distribution of
the latest zonavise demand forecastsy each distribution company and compiled by BPDB (See
Appendix D) The results arasedin Figure 5.51.

According to report (1), after Bangladesh becomes a developed cou2dy byit is forecasted that
industrial demand will grow in economic zones other than Dh#ka.impacif this, howeverywould
not besignificantaccordingo the demand forecadty respectivedistribution companies.

4) Power source site plans other than ZONE 1 and 3 (consistency with gas pipeline plans)

In order to locate a power source outside of Barishal & Chattogram ,dbisasecessary to transport
fuel fromthese mnes b outsde areasA gasfired power plant consumes a large amount of gag,is
necessary tbuild a gas pipelinesystemto serveasthe backbone. The pipeline plan is described in
Chapter 6. By utilizing these pipelines, gmed power plants of around ZD GV can be located in
theareas other thaBarishal & Chattogram Zones.

5) Countermeasures to cope with increasing power flow from south to north

Figure 5.51 shows the transmission line capacity based oaltbge mentioneglanand the yearly
transitionof the power flow from each zone obtained subtracting the forecastediémnahd from the
generation capacity planned for each zone.

Through 2030, by the time when sites of the power sources are almost fixeityaafithe currently
planned transmissidimes will be able to accommodate the increasinggydalows. However, in the
Barishal zone, the second transmission lirdeisded to be not of 765kV but 400kVcapacity so the
transmission capacity isearthe limit. The third 400kV d/c transmissidine will become necessary
pending the power development plan after 2030. In the Chattogram zone, transagscity will
likely be secured through 2040, provided that a 765kV transmission line be cmtsasiplanned. Even
so, depending on the locations of unknown power sources after 2030, further transnmssion |
construction may be required. It is desirable to conduct a feasibility stuthefuturetransmission line
route to Dhaka. The study may also require-examination of the national relgtions on RoW for

92



transmission lines, which means the possibilityetduce the current figures from 116meters to 765kV
transmission lines for RoW considering the global experience.

(ew) Barishal Zone (GW) Chattogram Zone
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Source: IEPMP Study Team
Figure 5.5-1 Transmission Capacities vs. Power Flows:
Barishal & Chattogram Zones to Dhaka

5.5.3 Reliability improvement of supply network to Capital Dhaka

In the Dhaka area whecentral state orgarad facilities are concentrated requiring highataility
on power supplyconstruction of a230 kV underground systemill be the core polig on the
transmission system. A sample designsistent withhecity planning is developed using a Geographic
Information Systen(GIS) as follows.

B

230kVSS

In the event of 230 kV overhead transmission
During normal condition line route fault that takes time to recover

Source: IEPMP Study Team

Figure 5.5-2 Basic design of the 230 kV underground system

In underground systemthe transmission capacity of cables is signifigafdlver compared with
overhead lines. Hence, it is important not to mix the overheadaoddergroundystems; the capacity
of the transformer that supplies the 132kV systhoukl match the cable capacity. For 230kV cables,
600MW per circuit is the normal limit. Unlike overhead lines, undergroued ke not affected by the
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external environment such as lightning, so the probability of éaeltrrerce is low. On the other hand,
once a fault occurs, it takes time to recover. @mrig these characteristics, underground systéim w
be efficient with unit connection as shown in Figure 5.5-2.

Since the underground cable route will be built underthektroad, it is necessary to tatansistency
with the Dhaka city plan (road plan). Figure 5.5-3 shows an example of a routetoumnieranigan;-
Ullon and KallgyanpurGulshan. For connection to these substations from the 230kV buses of Kae Dha
outer ing 400kV substations, 230kV overhead transmission lines are used. Cdbke amiselected
considering the locations of 230kV/132kV substations so that four substations cenméeted to each
route as shown in the fige. Detailed feasibility study slidbe conducted for any proposed project.
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. under the following licenses:
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o 0K oveiead TL o ; Www.openstreetmap.org/copyright.or
e from Munshigani 400kVSS © OpenStreetMap contributors www.opendatacommons.org/licenses/odbl

Source: IEPMP Study Team
Figure 5.5-3 Example of 230kV underground cable routes

5.5.4 Interconnection

Sharing the borders mostly with India, there are two asynchronous inter¢onsdistough a Back
to-Back HVDCstation and a radial interconnection with Power System of India at presegtaBesh
can also have a crebsrder interconnector with Myanmar in the future. And, although it does et sha
borders with Nepal and Bhutan, they are sufficiently close tmext with dedicated lines. These
interconnections are important options in terms of security and reliafifigwer supply in Bangladesh.
The mode and interconnection points could be identified through etketaghnical, financial, and
environmental studies.
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Figure 5.5-4 Power Import and Interconnection

According to the power source plan, power import requirement will incie&@&80andonward. It
will be necessary to implement certain interconioagbrojects. In particulart is important to prepare
the first step for interconnection toward 2030 and the second step for enharnaeraedt2040.

1) The first step milestone

From the aspect of reliability and security, ifrigportant to diversify interconnections with respec
to partner countries and modes. Since there i@motghtime until 2030, however, it is necessary to
narrow down promising candidates and conduct detailed studies.

Hydroelectric power generations in Nepal and Bhutarich are clean energy, have beesed as
specific candidates for power import as these countries are pestadangladesh by a narrow corridor
of India. In order to import power from Nepal and Bhutan, transmission line rawtestons for their
mode of operation need to be finalizbtbugh financial viability and environmental impassessments
followed by detailed power system studies. However, both of the followttpsnof operation may be
considered:

(@) Radial AC link (Construction of a dedicated transmission line from NepahataB) and
(b) Synchronous AC link .

Both modes are considered to be realized at (BEpin Figure 5.5-4. It is important to discuss both
modesat the same time in order to reach an agreementgemintries.

2) The second step milestone

The operational flexibility of Synchronous AC link is considered essential infitsie step
interconnection project. If power export is also to be implemented through thepearpealthough it
is not included in the current power supply plan, Synchronous AC link should beedédtestead of
Radial AC link. As such, realization of Multiple synchronous AC liniey havehe challenge for the
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second step.

Advanced technologies are required to control the power flow throughSsachronous AC link.
Then locations of the interconnection point will have to be determined foypérg technical study to
find the best interests of Bangladesh. Synchronous AC links between neightmrimges may be
established in different voltage levels i.e., 765 kV, 400 kV or any wtitage level justified technically,
economically, and environmentally.

The most important thing to watch out on the Multiple synchronous AC links is theviaflpower
other than the intended import into the Bangladesh grid. Synchronous AC linksllacg®) or (D) in
Figure 5.54 are difficult to avoid the inflow of power betweeast and west of India into the Bangladesh
grid. In that sense, Multiple synchronous AC links are considered suitalifeftncationsuch as (B)
and (C), where the power flow directions are the same, North to South. Thesemsredtl also
mitigate the problem of ncreagng South to North Power Flow, the first issue of Bangladesh
transmission planning.

5.5.5 Power System Operations
1>'Issues on frequency quality

As frequency quality is improving in recent years and fluctuation rarigec@ming smaller, there is
still a fluctuation of about £0.5 Hz. Presently, theationfrequency is controlled within the specified
rangeremains at lout 70%. To improve the power system operations, it is necessary tovempr
facilities and operation procedures with indepthreview. Issues and countermeasures are discussed
in detail in AppendiD.

a. Individual demand data and meteorological data ateallected accurately, and thus Energy
Management System (EMS) demand forecafstristioning with reduced accuradccuracy
needs to be improved.

b. Generator control is done not by EMS but by telephone command from NLDC op€&oator.
improve frequency quality, it is important to connect NLDC and each powergsifingé for
efficient data exchange.

c. NLDC must be equipped withfacility for predicting the output of renewable energy.

d. There is a shortage of FGMO power plants that pi@pirimary control reserves.

Although there ar&7 power plants capable of supplying primary contreserves, fuel
shortages and technical problems prevent all gemsrdrom operating with FGMO.
According to the NLDC, a primary reserve capacity380-400 MW is not sufficient sthe

reserve capacity to maintain the control rangdéngrid code at all times.

e. AGC is not utilized and secondary reserve capaginpt secured.

The primary control capability means that each power plant automatichilsts its output
sharply. BUAGC that automatically changes the output of eamkgp plant at an early stage,
which is a function to complement it, is not used.

f. Itis necessary to secure tertiary reserve capaaityreserve capacity to meet future demand
increase. It is important to align the future power supply plan with thenissien plan so as
to continuously secure a certain level of resengtadjustment capacity.
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g. NLDC needs tohave proper tools and facilities for establishing appropriate coatral
authority over all usergenerators anldads) of the national grid. Establishment of automatic
frequency control (Primary, Secondary & Tertiaryn@ol) and voltage control are necessary
for the system stability. For the grid discipline all the users oh#ti®nal grid musstrictly
observethe Grid Code. The Bangladesh Energy Regulatory Commission (BERC) shall
monitor the enforcement of the grid code. There may tabe amechanism for procuring
necessary reserve for the frequency control.

2>'Voltage operation issues

a. Low voltage phenomena during peak hour is observed in the areas with insufficiemidoiase |
generation. All power plants basicafiged taun in voltage control (AVR) modéntrodudion
of adequateeactive power compensatitarcilitiesis alsorequired.

It is necessary to install a phaadvancing capacitor at the troueone locations. In addition,
when any renewable energy power source is instéledsystem voltage tends to rise. So, it
is necessary to carefully avoid an excessive invest.

b. Overvoltageoccursdue to sudden drop in the power demand while voltage adjustment is done
in time. In addition to tap control of transformers, future expansioarswable energy will
become possibleby adopting EMS with functions that automatically aohtthe teminal
voltage of generators aig turning on and off of phasmodifying equipment, or by installing
automatic voltage control devices. It is also dffecfor change®ccurringin a short period
of time that increase with time.

3>'Issues related to organizational structure

It is necessary to promote use and automation of EMS in both frequency operation arel voltag
operation. In addition, further efficiency and productivity improvememn@segjuired by promoting DX.
In view ofthe cases in Japan, it is important to develop human resources and securstqudfisignel
in the following twoareas:
a. Supply and demand system design
b. Power supply system and DX capabilities

Futureeriented human resource development and review of the organizational staretuakso
issuedo beaddressed

4) Measures to prevent wide-area blackout incurred by large-scale nuclear plants

The Rooppur nuclear power plant with 2 units will generate 2,400 MW of electti@80 MW from
each unit. The first unit is currently planned to start test operation 0b&@&023 and the seconuhit
will start commercial operation by 202¢hese plan will be delayedfrom the grid point of view, loss
of alarge scale unit will bringboutsevere impacts, especially to cause fmgquenciegand leathg to
a wide-area blackout. One of the effective solutions iatiize an undefrequency load shedding
(UFLS) which is a protection relay at substatioas eountermeasure to mitigate the impact when the
nuclear plantiropped sudddy duringits operation. A study on installing UFLS with proper placement
and adequateapacityshould be implementedhmediatelyto prepare them ready e startup of the
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first nuclear plantAnother effectivemeasurds a special protection schen{8PS) whichdetecs an
accident antbkesthe emergency control basicaillya predetermined way, even whbeUFLS scheme
cannot be brought in time to prevenwide-area blackout.

5.6 Distribution System
5.6.1 Conceptual Distribution System Planning

This section focuses on tkarrent status and preliminary stuofyboth urban and rural distribution
networks.In-depth study should Eccomplishedinder the Detailed Distribution Mastelan (DDMP)
in due course

1) Demand Outlook

Presently, six utilities in Bangladesh are responsible for mamageand supervision of the
distribution network, according to thamstitutionalpositions andesponsiblgegions. These are Dhaka
Electric Supply Company Limited (DESCO), Dhaka Power Distribution fizmmy Limited (DPDC),
West Zone Power Distribution Company Limited (WZPDCL), Northern Eléggtrigupply Company
Limited (NESCO), Bangladesh Power Development Board (BPDB) and REleetrification Board
(Bangladesh Rural Electrification Board: BREB).
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Figure 5.6-1 Maximum Demand Outlook at 33kV level by Distribution Company

Electricity demand is increasing at all utilitiesd®xpected t&eep high growth ragdurther. DESCO,
covering the northern part of the capital city dfdRa, has seen awverageannual growtlof 6% over
the last 10 years, while DPDdt 3%. Both DESCO and DPDC expect high demand growth of almost
10% over the nexteveralyears. Then the gwth rate will gradually slow down, and the maximum
demand in the DESCO area will reach 6 times the current level damelDPDC area 3.5 times by 2050.
DhakaCity plans to construct 6 MRT rail lines by 2031 and electricity demand will growdingoy.

The BREB areaaccouning for 80% of the country, has seenarerageannual demand growth of
about10% in the past 10 years. Although thedhndgrowth will slow down after 2028e demand
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will still growto 1.9 timegodayby 2030 and 4.3 times by 205the BPDB areayith arecorded annual
5% demand increase in recent years, is expectede@ 10% increase in coming yedierward,
growth will slow downanddemand is expected to expand 3.5 titoelmyby 2050. TheNESCOarea
has seemelatively high growth rate, annud.%o, in the last few years, and is expectedgi@adually
slow down and texpand 5.1 time®dayby 2050. ThaVZPDCLarea has seeanannual 4.4 demand
growth, and this will continue for a relatively longer period, though gradsklydown toexpand 3.6
timestodayby 2050.

The rumber of customers is also increasing fast in tREB areaby anannual 10%, in the DESCO
area close to 10% and in the WZPDCL area 8%. On the otherthargtowthin the DPDC are& at
about 7%which is somewhat lower than that in the DESCO .area

2) Outline of Facilities

Each utility’s equipment consists mainly ofi®Bor 11kV as mediuravoltage lines and 230/400V as
low-voltage lines. The 33kV lines are mainly used to supply power from 132/33kdfasiors to
33/11kV distribution substatigror as interconnected lines between 33/11kV distribution substations.
Thell kV lines are mainly used to supply electricity from 33/11kV distribgidrstation. In addition
to the 33/11kV distribution substatiorteey havgurisdiction on management of 132 kV transmission
lines (underground) and a 132/33 kV substation as well. In DESCO and DPDC, whigtrisaletion
over the Dhaka area, distribution lines of 11kV or less account for 8% tiftal, and the underground
rate is about 40%. By voltage, thedegrounding rate of 33kV mediuwoltage lines is 85% while that
of 11kV mediumvoltage lines is 31%, indicating that 33kV medivoitage undergroundines are
being actively promoted.

On the other hand, in rural areas, most of thditi@si are overhead except in some city ar&REB
stands out in operating scalegaking approximately 60% of the total electricity saldgyigly more
than 70% of the installed transform capacity, and approximately 80% of custome

As for distribution losss those of DESCO, DPDC ami2PDB, which cover the urban areas, are in
the range of B. % to 6.7 %, while those of utilities in charge of rural areaW&RPDCL, NESCO and
BREB, are 7.9 %o 10.5 %. The average length of distribution lif@es33kV and lowervoltagesis
relatively longer in rural areas than in urban areantributing ta@reater losses.

The amount of renewable energy sources (RES) iedtal rural areas appeassmaller compared
with urban areas mainly because they are scatterschall offgrids.

The GIS (Geographic Information System) has been ilestadr is being istalledat most power
distribution companies, and SCADA is being instabltBESCQ DPDCand NESCGQwhile others are
planning to installUtilities are planning to introduce smart grid €ys as well For example, DPDC
is preparing for introduction of Dtisbution Management System (DMS) along witkmart grid project.
BPDB andDESCO are also planning to introduce it. BREB has completedelatedF/S, and is
consideringa full-scale introductiorof the samePrepaid meters are also being introduced aftes
another led by DESCO, followed by DPDC, WZPDGIESCO,BREB and BPDB.
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5.6.2 Challenges in the Network Operation

Comments and ideas on important issues are obtéipédterviewswith electricity distribution
companiesasdiscussedelow. For details, please refer to Appendix D.

Demand forecast is a challengdhieurban areas. It is necessary to review how individual companies
are working on it. Automated systems being introduced will make a significantibution to
improving the operational effiencythroughcadlaborationwith other systems. However, utilization of
such data for system kkaborationis still under study. In additiomelevantadvice on the cyber security
is sought forlt is also recognized that there amnanychallengesn undeground cable construction.
Human resource development and clarification ofrtihe of each jurisdiction area are also mentioned.

In therural areasimproving supply reliability is a major issue. In part@ylthe improvemendn
SAIDI (System Average Interruption Duration Indeahgd SAIFI (System Average Interruption
Frequency Index)s a pressing issudMaintenance of distribution facilities and control of dropping
voltage in the long lines, response to natural disasters, and adauglitEs arementionedas issues.
Long4asting power outageare occurringdue to transformer failures caused by lightning, and to
breakage ofines byfallen treescaused by cyclones, and contact with trees and wildlife. Regarding
Renewable Energy Systs (RES connections, study on the impact of connection on the system and
establishment of guidelinese mentioned

5.6.3 Introducing Renewable Energy Sources

The global trend toward a leearbon society is driving introduction of RES. Distributed spdaver
facilitieswith high capacitynay increasinky be connected to thmuntrys distribution network system
in a shorperiod of time Figure 5.62 shows the installed renewable energy sourcdseiDESCO and
DPDC areas, which have jurisdiction over tagital city of Dhaka. In addition, NESCO area has 2.72
MW with 14,004 projects in solar generation including 0.91MW off-grid and 1.81M\fidnand the
BREB has 0.251 MW with 5, 717 projects. Furthermarether30MW solar generation is supposed
to be connected to the NESCO'’s grid in the future.

The RES in Bangladesh mostly consists of solar PVs withmetering. Some are connected to the
grid, while others are small araff-grid. In many rural areas, they are used for irrigation and other
agricultural purposes. To cope with increasing RES, proper enhancemerghuatisbe developed to
enable efficient supply of the generated power evimiintaining stability and reliability ¢ie network.

It is also necessary to speed up and improve the efficiency of operatighsrfore, in the future, grid
connection of RESs may expand explosively with the introduction of RESs supporsgslich as the
FIT system. In order to realize the maximum gridreaction of RESS, it is necessary to prepare fr th
establishmendf grid connection conditions and the improvement of grid reliability.
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Figure 5.6-2 Rooftop Solar Installations
5.6.4 Distribution Plans in Dhaka area

1) Measures for RES connections

To realize a lowcarbon societyit is necessary tmaximiz the amount of RES connections. When
RES connection increases, power flow on the distribution network lesceeny complicatethaking
it difficult to manage the \tage andthe current. In Japan, widespread voltage flurrsge also
experiencedaused by invertsattached to RE® prevent independent operation. Based on thessca
IEPMP Study Teamecommend to adopthe following measures.

a. Development ofechnical requirements for RES connections

Installation ofsensors for gaining power data in medium-voltage lines
Introduction of voltage control equipment to mediuaitage lines
Introduction of Distribution Management System (DM&pbtainpower data
Remaining proper voltage by optimal control of line equipment based on DMS results

® oo o

2) Measures for Improving of Reliability

Japanese power companies have hstly improvedreliability of electricitysupply byintroducing
insulated wires, lightning protection equipment, Distribution Automation By$IBAS), preventive
maintenance, and accident detection technologies. In addition-dividion and multiconnection
(MDMC: Multi Divided and Multi Connected) distribution line system confagion is adopted, in
which one distribution line is divided into several sections by a division swhehethese sections are
connected to other distribution linékhe MDMC contributes to improvement of supply reliability by
enabling separation of thiult sections while transmitting to sound ones smoothly. Reliability
improvement also allowthe maximum use of the RES power. Furthermores imadepossible to
quickly and automatically separate a fault sectiod reelectrfy sound sections by utilizing combined
system with DAS and MDMQMain measures to improve reliability are as follows

a. Insulationcovered wire (in practicg
b. Lightning resistanequipment
c. Introduction of DAS
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d. Introduction of MDMC configuration
e. Hybrid OverhadUnderground equipment combination
f.  Improvement orfault point probing technology

3) Operational Efficiency Measures

For efficient operation, utilities in developed countries including Japamvarking on acquisition
and analysis of data such as voltagerent and power factor. They try to optimize the configuration of
the distribution line systems to minimize lossedtarreducealuration of outages. Digitizing information
onoperation and facilities is a key to achievesd@bjectives Introducing highspeed communication
technologies also support them. In addition, in order to prorhgbeid overhead/nderground
distributionsystem, it is necessary falow international standards along withproved technologies
to support construn of facilities, measuremétecmology specific to the system and technologies on
the underground configuration. The following measures are proposed to improatone efficiency
of facilities.

a. Introduction of smart meters and data operation with management technology
Improvement of communication environment
Facility management using GIS (Geographic Infororatystem)
Data management integrated with DMS, DAS, SCADA and distribution simulatftwiase
Underground related technology$tem configuration, equipment configuration, sloaction
technology, and measurement technology)
f.  Ensuring cyber security at GIS, SCADA, DAS, DMS. estgstems

® oo o

Meanwhile demand side management (DSM) is also an effectaasuare for effective use of
facilities. In areasvhere a large amount of RES, mainly PV (Photo Voltaic), is connectibe to
grid, it is reported that net electricity demand, or total dendanidgedfrom difference betweethe
actual electricity consumption and the amount of RES output degieatlyfrom expected one
depending on the time of day.

When massive PV is connected to the grid, the amount of electriasyegtion during the day
time is compensated lyeRES output, which greatly reduces net electricity demand. As PV output
decreases ithe evening, the tal demand tends to increase sharply after sum$it. demand
profile is called a duck curve asrégsembleshe shape adduck. It is thought that shifting the peak
demand byadoptingelectricity billing systems such a8me-of-UseTariff, and special equipment
are effective as a countermeasure. The followemstare proposed for encouraging demand shifts,
pending actual implementation through future coordination.

a. Introduction of smart meters along with practical use of the obtalatdwith management
technology

Improvement of communication environment

Introduction of alime-of-UseTariff systems

Use of water heaters and air conditioning systeittsiae storage

Introduction of batteries and electricity storage equipment

®oo0o
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5.6.5 Distribution Plans Outside of Dhaka Areas

Likewise with recommendations for distribution maim Dhaka areas, it is necessary to consider
introduction of minigrids or standilone grids outside of the Dhaka area. For short term, configuration
of mini-grid or independence grid system should be studied for connection or evaluationngbaicée
on the system demand. For long term, upgrading of the distribution system shouoltsiokered in
relation to increasing mirgrids or stanéhlone grids to appropriatelyanage their impact.

5.7 Power Policy
5.7.1 Power Trading

In Bangladesh, BPDB purchases electricity from gatien companies as a single buyer and sells it
to distribution companies on bulk electricity thrDistribution companies then sell electricityfioal
customers on retail electricity tariff. As theelricity consumption is expectedit@reasaobustly, this
market structure may need to be reviewed and upgraded from time to time in aat@nalize the
electricity supply system while securing stableptypt affordable prices. Low carbonizatisranother
important issue in considering this.

The BulkElectricity Tariff that BPDB receives from distribution companies and the Rd&itricity
Tariff that distribution companies receive from final customers are approved by.E#RE the Bulk
Eledricity Tariff is low compared to the bulk supply cost that BPDB pays, as a single buyer, to
generation companies, BPDB's expenditure keepsdxugits revenuse

The government has set out a policy of graduallyeiasing the retail electricity tariff vile taking
into account the burden on lemcome customers, as well as the bulk electri@tyfft Thus, retalil
electricity rates were increaseg 5.3% on average in December 2017, and agaif.8% in March
2020. The bulk electricity tariff was also increased by 8.4% in March 2020. The bfilkaa been
increased 19.92% from December 2022.

As the basic income and expenditure structure eftttire electric power sector, each charge is set
at a level that can secure the profits of eachatpenf gerration, transmission, and distribution, and
BPDB will remove the final wrinkles. For this reas®PDB receives a subsidy from the government
and the government s taxes. To reduce national treasury expenditlisenecessary to streamline the
relatedfacilities, reform management of companies and fiume the retail electricity tariff.

Current bulk electricity tariff and retail electitic tariff are below the level to compensdtee
wholesale supply cosin the course anarket liberalization, its necessary t@assure a healthsituation
where the cost is properly recovered with libeedimarket prices.

5.7.2 Demonstration test of ammonia co-firing

An ammonia cdiring at coatfired thermal plant is planned to start fr@®35.Combustion tests of
ammonia cefiring in coakfired power plants have already been conducted in Japan. Howefud, if
scale cefiring operation is to be implemented in Bangladesh, it is essential tucba demonstration
test to evaluate the combustibility at the acpaaver plant in Bangladesh to identify issues and solutions,
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including fuel supply method.
5.7.3 Master plan for hydrogen/ammonia fuel supply system

Hydrogen power generation is regarded as a promisiegns ofdecarborization technology, and
hydrogenco-firi ng at gadired plant is set to start in 20. However, studies are yet to be conducted on
the hydrogen fuel supply system.

Many hydrogerfired plants are planned to start aBérQ but their locations are yet to be determined.
In site selectiorfor these plants, there are maisgues to be examined such lasd acquisition,
procurement offuel, regional electricity supplylemand balance and feasibility of constructing
transmissiorines In particular,ashydrogen fuelill most likely be importel, hydrogen power plants
will be located in coastal areabhis would causea large imbalance in theegional electricity
supplyflemand balanceequiringmanyadditionaltransmission lines.

It is desirabldn principleto locate power plashear the deandcenterwith a capacityto meet the
demand.In Bangladesheglectricity demand is concentrated in the Dhalegion and hence it is
preferable to build power planigaby. For this reasorfuel supply pipeline must be builfrom the
coastal areahere imported fuel is receivetb establish a rational fuel supply system, a cangnsive
pipeline plan should be established examining optimum distribution of power ptadfisel supply
system

5.7.4 Electricity import and transmission plan

Low carbonization can be achievatla lower pricédby importing hydroelectric power from Bhutan
and Nepathan using decarbonized fuels such as ammonia and hydrogen. This beneficiadlupiidn
be pursuit proactively. Then, since Bangladdebs notshareborderwith Bhutan and Nepahower
transmission lines must go through Inda. far, t has been agreedth Indiathat interconnection will
be implemented synchronously, and construction will be carried out by SPValIpagiose Vehicles)
formed by a joint gnture between the two countri#tsis essential to push forward the dialogue with
three countries among Bhutan, India and Nepal as there are many issues vedéefoire reaching
the final decision.

5.7.5 Sites for CCS

In this Master PlanCCSfor gasfired thermal power plants is scheduled to star2i¥Q Enough
time is available to establish the implementatianpNevertheless, it is desirable to start prelamy
studies on suitable sites and technologies for 6&ay CCS projects are camgiup worldwide. It is
important to monitor progress of these projects to accumulate inforregithe basis for the study to
establish an efficient plan.

5.7.6 Improvement of frequency quality

In introducing large scale nuclear power plants a&@ synchronized interconnection with
neighboring countriest is also necessary to keep the fluctuation within £0.2&ézopposed tthe
present levebf about +0.5HZTo achieve this, it is necessary to work comprelvehson themeasures
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givenbelow.

a.

b
c.
d

Sophistication and accuracy improvement of demand forecast and powerigarzaat
Securing primary, secondary and tertiary reserve

Sophistication andn-line systemizatiomf SCADA/EMS

Consolidationof regulatiors and rules includingtrengthening thauttority of NLDC and
building effective relationships amongievantplayers

Establishing proper institution and appropriate compensation payment for se@seénge
capacity

To improve the frequency quality, it is recommended to establish a comprehentaberatibn
system to discuss and decide plans, policies dad with participation ohot only PGCB and NLDC,
who aredirectly in charge othe system operation, but alsdl stakeholdersvho are engaged power
generation, distributioandretail as well agegulatory bodieand governmeragenciesTo this enda
studyworking groupmay be formed, who will also suppanter-government talksvith India, Nepal
and Bhutan on grid synchronization and power imports.
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Chapter 6 Primary Energy Supply Plan

6.1 Requirement for Primary Energy Supply

The total primary energy supply (TPES) plan to awmcwmdate the increasj energy demand of
Bangladesh is summarized in Table-6.1TPES is a sum of i) each demand sector’s finargy
consumption, which is elaborated in Chaptered¢luding secondary energies such as petroleum
products and electricitii) the fuel and energy inputs to the power generation sector, and iii) energy us
in other energy transformation sectors such asegéis and natural gas fields.

Table 6.1-1 Total Primary Energy Supply Requirement

otal Primary Energy Supply (million tol Composition Average Growth Rate 2019 to
2019 2030 2041 2050 2019 2030 2041 2050 19-30 | 30-41 | 41-50 2050
PP 2041 % % % % % % % times
Traditional Biomass 7.9 6.0 3.4 1.5 18.1 8.0 2.9 0.9 -2.5 -4.9 -7.3 0.19
Coal 4.0 13.2 15.2 10.5 9.0 17.8 12.8 6.2 11.6 1.3 -3.3 2.64
Oil 5.7 17.6 30.7 43.4 13.0 23.7 25.9 25.7 10.8 5.2 3.2 7.61
Natural Gas 255 30.1 43.7 62.2 58.3 404 36.9 36.9 1.5 34 3.3 2.44
Power Import (Trad Fuel) 0.4 0.4 0.4 0.4 1.0 0.6 0.4 0.3 0.0 0.0 0.0 1.01
Traditional Fuel 43.5 67.4 93.4| 118.0 99.4 90.5 78.9 69.9 4.0 3.0 2.2 2.71
Nuclear 0.0 4.4 8.8 13.1 0.0 5.9 7.4 7.8 - 6.5 3.8 -
Natural Gas - CCS 0.0 0.0 3.7 10.1 0.0 0.0 3.2 6.0 - - 9.5 -
Hydro 0.1 0.1 0.1 0.1 0.2 0.1 0.1 0.1 24 0.0 0.0 1.30
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - -
Solar PV 0.0 0.7 1.3 25 0.1 1.0 1.1 1.5 32.9 5.7 59| 79.09
Wind - Onshore 0.0 0.1 0.3 0.9 0.0 0.2 0.3 0.6 56.8 7.0 11.1 | 941.53
Wind - Offshore 0.0 0.0 1.3 3.4 0.0 0.0 1.1 2.0 - - 8.8 -
Modern Biomass 0.0 0.2 0.3 0.4 0.0 0.2 0.2 0.2 - 4.4 4.0
Ammonia 0.0 0.2 1.2 0.6 0.0 0.3 1.0 0.3 - 15.5 -6.4
Hydrogen 0.0 0.0 4.9 14.3 0.0 0.0 4.2 8.5 - - 10.2 -
Power Import (Clean Energy) 0.1 24 5.3 5.3 0.3 3.2 4.5 3.2 29.0 7.5 0.0| 36.64
Clean Energy 0.2 8.1 27.2 50.8 0.6 10.9 23.0 30.1 37.5 11.6 5.8 | 207.65
Total 43.8 744 118.4] 1689 100.0| 100.0| 100.0| 100.0 4.9 4.3 3.3 3.86
In-Between
Traditional Biomass 7.9 6.3 4.1 2.2 18.1 8.7 3.8 1.6 -2.1 -3.9 -5.5 0.28
Coal 4.0 16.7 20.4 222 9.0 23.0 19.1 16.1 14.0 1.8 0.8 5.60
Oil 5.7 17.3 28.8 39.7 13.0 23.8 26.9 28.9 10.6 4.7 3.0 6.96
Natural Gas 255 25.6 32.9 30.3 58.3 35.2 30.7 22.0 0.0 2.3 -0.7 1.19
Power Import (Trad Fuel) 0.4 0.4 0.4 0.4 1.0 0.6 0.4 0.3 0.0 0.0 0.0 1.01
Traditional Fuel 43.5 66.4 86.6 94.8 99.4 91.3 80.9 68.9 3.9 2.4 0.8 2.18
Nuclear 0.0 4.1 8.2 8.2 0.0 5.7 7.7 6.0 - 6.5 0.0 =
Natural Gas - CCS 0.0 0.0 1.9 10.1 0.0 0.0 1.7 7.4 - - 16.6 -
Hydro 0.1 0.1 0.1 0.1 0.2 0.1 0.1 0.1 2.4 0.0 0.0 1.30
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - -
Solar PV 0.0 0.7 1.3 25 0.1 1.0 1.3 1.8 32.9 5.7 5.9 79.09
Wind - Onshore 0.0 0.1 0.3 0.9 0.0 0.2 0.3 0.7 56.8 7.0 11.1 | 941.53
Wind - Offshore 0.0 0.0 1.3 34 0.0 0.0 1.3 25 - - 8.8 -
Modern Biomass 0.0 0.2 0.3 0.4 0.0 0.2 0.2 0.3 - 4.4 4.0
Ammonia 0.0 0.0 1.2 1.6 0.0 0.0 11 1.2 - - 3.2
Hydrogen 0.0 0.0 3.1 10.5 0.0 0.0 2.9 7.6 - - 11.7 -
Power Import (Clean Energy) 0.1 1.9 4.2 0.0 0.3 2.7 3.9 0.0 26.6 7.3| -100.0 0.00
Clean Energy 0.2 7.2 21.9 37.8 0.6 9.9 20.4 27.5 35.9 10.7 5.1 | 154.38
Total 43.8 72.7| 107.0/ 137.6] 100.0| 100.0| 100.0| 100.0 4.7 3.6 2.3 3.14

Source: IEPMP Study Team

In the course of economic development, requirement on TPES will exp@ufiolBbetween 2019
and 2050 for the PP2041 GDP case of the Advanced Technologies Scenario f415)-foldfor the
In-Between Case. Consumption of traditiof@sil fuels such as coal, oil and gas will keep steady
increase while traditional biomass notably firewood will phase out. Ferssibies will continue to be
the reliable energy source for economic developmaith stable availability and established
technologies. Among energy sourcestural gas will keep the top share though i@resthdeclines
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sharply giving way to new clean energies. Oil consumption follows kedpéngecond position mainly
due to increasing demand for motor fuel. Coal consumption may remain itigehglamall quantity,
though domestic coal supply is expected to play a role to strengthen nationglssoendty.

Along with the country’s commitment to cope with global climate change, cleammengies need
to be introduced rapidly; they are moarbon emissiorenergies such as solar PVs, wind turbines,
modern biomass, ammonia/hydrogen, and fossil fuel burning with CCS. The clean ateiggluding
CCS and green power import will exceed 40% of the power generation mix by 2041 assddeyhe
Prime MinisterSheikh Hasina at COP26 in 2621

It will be a great challenge for Bangladesh to expas energy infrastructure to enable this Master
Plan on both traditional fossil fuels as well as emerging new enefgiespand supply andtilization
of conventionhfuels such as coal, oil and natural gas, subisianivestment must be made steadily
mobilizing a huge amount of funds. In addition, new energies should also be introcheed/ply and
at a high speedlbeitsome of them are still intheir infancy To enable this, not only thequired fund
and land but also a wide range of new technologies must be introduced. In adduiepati@tion of
attractive business circumstance, human capacitglolement will be another key to materialize this
plan.

Enegy supply plans, anticipated issues and necessdigigs toward 2050 areistussed below on
each energy source, while assessment on neceggasyment amount will be discussed in Chapter 7.

6.2 Natural Gas
6.2.1 Natural Gas Demand Outlook

Natural gas demand is forecast to increase fasill kxpand2.8-foldbetween 2019 and 2050 for the
PP2041 GDP case, atd/-fold for the InBetween case. Power generation will be the ladestand
sector followed by industry sector. This is becatlse high economic growth will be driven by
accelerating industrial development and the hegih sophisticated future industries will be mainly
powered by electricity. In addition, natural gas is preferred among fogsdies as a low carbon fuel.

It is noteworthy that natural gas consumption is projected to decrease in tipotramesidential and
commercial sectors in accordance with the policythef Bangladesh government to curb city gas
consumption for CNG vehicles, domestic and commercial use.iWittoving energy efficiency of gas
appliances, this movement will be even accelerated.

In addition,in In-Between case, natural gas demand for power gemenatil be stagnant through
2030 because new cefiled power plants and nuclear power plants will start operation one after another.
They are all large plants, so their stapt timing must be carefully monitored to fine tune the fuel
requirement obtherfossil power plantsparticularlyimporied LNG and coal

28 https://unfccc.int/sites/default/files/resource/BAN  GLADESH_cop26cmpl6cma3_HLS_EN.pdf
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Figure 6.2-1 Natural Gas Demand Outlook

As Bangladesh pushes forward modernization of the country, traditional kiovogbly firewood
used at household will be replaced by gas fuels. Und@résenpolicy, the rapidly increasing demand
for modern fuel is being supplied with LPG, which causes serious problenugieAnlnmber of LPG
cylinders must be delivered inehcongested metropolitan areas whichsjgawling along with
urbanizationTo avoid worseningraffic congestion anensuresafety, it will be more prudent to consider
rehabilitation and new construction @ty gas systems in the metropolitan areas tagetlith overall
city development plans. This issue mustitnestigatedmore in detail on the technical and secio
economic aspects of various options so as to setroappropriate balanoé city gas, community gas
and LPG.

In the norenergy sector, natal gas will also be used as the feedstock follitest andpetrochemical
industries.

All'in all, natural gas requirement will exceed 5.3 billsnidin 2041 in the GDP PP2041 case, and
3.9 billionscfdin the InBetween case.

It should be noted that the above projections for ATS PP2041 case -Balwleen case are
significantly lower than the projections made byr&leangla as shown in Tabée2-1. While the ATS
cases assume very strong energy efficiency andeoatfon effors aiming at a lower carbon economy,
demand estimatienmade by Petrobangla and Hydrocarbon Unit may be business as usual (BAU)
projections. However, since the difference is gigant, in addition to the database, every aspkttteo
gas demand trend needo be carefully reviewed in the course of formulating the natural ga
development plan.
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Table 6.2-1 Natural Gas Demand Outlook

FY2030-31 | FY2040-41 FY30-31 | FY40-41 - 19-30 | 30-40 = =
Petrobangla (Scenario-3) Mmtoe Mmtoe Mmtoe % % % % % %
Power 22.9 32.9 - 41.2 48.2 - 4.0 3.7 - -
Fertizer 2.8 2.8 - 5.1 4.1 - 0.0 0.0 - -
Captive Power 124 13.9 - 224 20.3 - 6.5 1.1 - -
Industry 11.5 12.7 - 20.7 18.6 - 6.8 11 - -
Domestic 4.0 4.0 - 7.2 5.8 - 0.0 0.0 - -
CNG 1.6 1.6 - 2.9 2.3 - 0.6 0.1 - -
Commercial 0.3 0.3 - 0.5 0.4 - 0.8 0.0 - -
Tea 0.0 0.0 - 0.1 0.0 - 2.1 0.0 - -
Total 55.5 68.2 - 100 100 - 4.2 21 - -
billion scfd 6.24 7.68 - | (NCV @ 8,600kcal/m3)
Total Primary Energy Supply Composition Average Growth Rate 2019 to
2030 2041 2050 2030 [ 2041 [ 2050 | 19-30 | 30-41 [ 41-50 2050
PP 2041 Mmtoe Mmtoe Mmtoe % % % % % % times
Industry (incle. Tea) 7.0 9.6 14.1 23.2 20.2 19.5 5.4 2.9 35 3.59
Transport (CNG, etc.) 0.6 0.2 0.0 2.1 0.4 0.0 -45| -10.2| -100.0 0.00
Residential (Domesctic) 3.2 24 1.8 10.6 5.1 25 -1.4 -2.5 -2.7 0.48
Commercial 0.1 0.1 0.1 0.4 0.2 0.1 -4.3 -3.0 -2.8 0.32
Agriculture 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.0 0.0 1.00
Non-Energy (Fertilizer, etc.) 2.0 2.8 3.3 6.7 5.8 4.6 35 2.9 17 2.43
Power 16.3 31.5 52.2| 54.2 66.4 72.2 1.1 6.2 4.7 3.63
Grid 13.7 28.2 50.6| 45.7 59.5 70.0 2.2 6.8 55 4.67
Captive 2.5 3.3 1.6 8.5 6.9 2.2 -3.0 2.3 -6.3 0.45
Loss, etc. 0.9 0.9 0.9 2.9 1.8 1.2 0.0 0.0 0.0 1.00
Total 30.1 47.4 72.4 100 100 100 15 4.2 3.9 2.84
billion scfd 3.38 5.33 8.14| (NCV @ 8,600kcal/m3)
In-Between
Industry (incle. Tea) 7.0 9.2 12.3 27.3 26.6 30.4 5.4 2.6 2.6 3.14
Transport (CNG, etc.) 0.6 0.2 0.0 24 0.5 0.0 -45| -10.2| -100.0 0.00
Residential (Domesctic) 3.3 2.6 2.1 12.8 7.6 5.1 -1.2 -2.0 -2.2 0.56
Commercial 0.1 0.1 0.1 0.4 0.2 0.1 -4.3 -3.2 -2.9 0.31
Agriculture 0.0 0.0 0.0 0.1 0.1 0.1 0.0 0.0 0.0 1.00
Non-Energy (Fertilizer, etc.) 2.0 2.8 3.3 7.8 7.9 8.2 35 2.9 17 2.43
Power 11.7 19.0 21.8| 457 54.6 53.9 -1.9 4.5 1.3 1.51
Grid 9.9 17.0 21.1| 38.6 48.9 52.2 -0.8 5.1 2.0 1.95
Captive 1.8 2.0 0.7 7.1 5.7 1.7 -5.9 0.7 -9.4 0.19
Loss, etc. 0.9 0.9 0.9 34 2.5 2.1 0.0 0.0 0.0 1.00
Total 25.6 34.8 40.4 100 100 100 0.0 2.8 1.4 1.58
billion scfd 2.88 3.91 4.55| (NCV @ 8,600kcal/m3)

Note: 1 MMcfd: 1,000,000cf*365days/35.3147(cf/m3)*(8,600/10,000 kcal/m3)/1,000,000(kt/kg) & 1 MMcfd= 8.8887ktoe

Source: IEPMP Study TearRetrobangl4Committee Report on Gas Demand and Supply Forg@istMarch 2019

Bangladesheconomy bounakback quickly after thelownturn caused by Cowvitl9. As a result
natural gas demand, particularly for power generation, recovered famteedtimated. Taking th
into consideration, Tablg.2-1A shows the adjusted natural gas demanthéoATS/PP2041 case.
this table, estimated results for 2022 is replaced by the actual datdeckdo 2022. After 2023
differences between the estimated results anddiualadata observed in 2022 are simply addeq
to the estimated results for eaakar. The adjusted total natural gas demand vétthes397 MMcfd
in 2041which is 1,064 MMcfd larger than that of the prendty estimated results (TalBe2-1).
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Table 6.2-1AAdjustedNatural Gas Demand Oothk (PP2041 case)
Total Primary Energy Supply Composition Average Growth Rate 2022 to
2030 2041 2050 2030 2041 2050 22-30 | 3041 | 4150 2050
PP 2041 Mmtoe Mmtoe Mmtoe % %) % % % % times
Industry (incle. Tea) 9.5 12.1 16.6 24.1 21.3 20.3 34 2.2 3.6 2.29
Transport (CNG, etc.) 0.8 0.3 0.1 1.9 0.6 0.2 5.1 7.2 -8.7 0.13
Residential (Domesctic) 2.7 1.9 13 6.9 34 1.6 -2.5 -3.0 -4.2 0.40
Commercial 0.2 0.1 0.1 0.4 0.2 0.1 -3.1 -2.0 -2.0 0.52
Agriculture - - - - - - - -
Non-Energy (Fertilizer, etc.) 2.4 31 3.7 6.1 55 45 3.6 25 1.9 2.06
Power 24.0 39.1 59.9 60.6 68.9 73.2 1.0 4.6 4.8 2.70
Grid 18.7 345 56.7 47.3 60.7 69.4 1.8 5.7 5.7 3,51
Captive 5.3 4.6 3.2 133 8.2 3.9 -1.7 -1.2 -4.2 0.52
Loss, etc. - - - - - - - -
Total 39.5 56.8 81.8 100 100 100 1.2 34 4.1 2.27
billion scfd 4.45 6.40 9.21 (NCV @ 8,600kcal/m3)
Note: “Agriculture”,“Losses, etc.” and “Others” are omitted since thiemeo such categories in given actual data in 2022
Source: IEPMP Study Team

6.2.2 Domestic Natural Gas Production

Domestic natural gas production is forecast bydbaingla as shown in Figure &2Gas production
is projected to decrease from the present 2.4 bitladeito 1.7billion scfdin 2041. Production from the
existing gas fields will decline as the reservgsletes with production. Activities such as workower
the existing wells and drilig of appraisal and development wells on the exjsgias fields as well as
the onshore thibbed formation, an unconventional play, will bring some additional production to
mitigate this trend, but far less enough to revérse

Table 6.2-2 Forecast of Domestic Natural Gas Production

2020-21 | 2030-31 | 204041 | 2050-51
MM cid M Mcid MM cid MM cfd
Existing Wel 2,415 701 188 40
Well Workover 25 301 136 140
Appraisal and Development Wells (Existing) 0 3N 258 160
Onshore Exploration 0 377 156 100
Onshore Unconventional Potential 0 90 30 30
Onshore Total 2,440 1,779 768 470
Offshore: Shalow Water 0 200 250 250
Offshore: Deepwater 0 0 580 980
Offshore Total 0 200 930 1,230
Total 2,440 1,979 1,698 1,700
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Note: Natural gas production up to 2040 (FY2@40) is made by Petrobangla, and the trend is erteiml2050 by the
IEPMP Study Team.

Figure 6.2-2 Forecast of domestic gas production

Gas production is also expected from offshore ehalind deepwater blocks. Gas has already been
discovered and produced from shallow offshore but the deep offshore still rean#iostier. Vigorous
exploration activities are required to identify the toahrbon resources in the offshore Bangladesh.
Such activities will require sophisticated technology and huge amount of furg] thidymay be ranked
as highrisk potentials. However, getting offshore gas sigjnificantly improve the gas supply scenario

With regard to the natural gas potential, experts of Internatioh&ddipanies (I0Cs) operating in
Bangladesh view that there are various potentigrgsources such as offshore deep water and onshore
unconventional resources, though it is necessary to mobilize evadgrn technology developed
recently and being adopted worldwide.

To establish higlguality exploration and development programs, introduction of cetiiyg
technology and enhancement of interpretation and evaluation capabilitiesnattibnal companies are
required. At the same time foreign investment byi@®@s are equally important especially for offshore
hydrocarbon exploration and development programs.

6.2.3 LNG import plan

Under the circumstance that indigenous gas production would not be able totkeffieenand, the
balance must be made up. The answer is LNG (ligdefatural gas). Today, international LNG market
is established worldwide and developing fast eslgan Asia. Bangladesh started import of LNG in
2018 facingnsufficient natural gas production. To support economic development of theygduN®
import will increase inevitably in the decades ¢one.

1) LNG import plan

Table 6.22 shows the natural gas supply plan up to 2050. Under thdikedgicase of theridigenous
gas production plan, LNG import will increase3®million tons (Mt) in 2030 and6 Mt in 2040 for
the Petrobangla caskl million tons (Mt) in D30, 25Mt in 2040 and49 Mt in 2050 for the PP2041
GDP case and@ Mt in 2030,16 Mt in 2040 and22 Mt in 2050 for the IrBetween case, respectively.
However, if exploration on the higtisk potential resourcesesenot successful, additional import of
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LNG will become necessary on top of these projestipn7.1 Mt in 2040 and 9.4 Mt in 2050. In line
with the increasig requirements, LNG import facility as well as gemnsmission system must be
reinforced simultaneously.

As LNG import is expected to increase furthersitalso desirable to increase control on the LNG
operation such as chartering LNG carriers to opeayafor LNG procurement oan FOB basis.

Table 6.2-3 Outlook of Natural Gas Supply Balance

2030 2035 2040 2045 2050
Gas Demand mmcfd mmcfd mmcfd mmcfd mmcfd
Petrobangla (Scenario-3) 6,240 6,941 7,675 - -
PP2041 3,384 4,008 4,985 5,823 8,142
In-Between 2,879 3,213 3,717 3,982 4,545
Production
Low Risk Potential 1,779 1,221 768 580 470
High Risk Potential 200 900 930 1,080 1,230
Total 1,979 2,121 1,698 1,660 1,700
LNG Demand (mmscfd) mmscfd mmscfd mmscfd mmscfd mmscfd
Petrobangla: Base 4,261 4,820 5,977
Without High Risk Potential 4,461 5,720 6,907
PP2041: Base 1,405 1,887 3,287 4,163 6,442
Without High Risk Potential 1,605 2,787 4,217 5,243 7,672
In-Between: Base 900 1,092 2,019 2,322 2,845
Without High Risk Potential 1,100 1,992 2,949 3,402 4,075
LNG Demand (million tonnes) Mt Mt Mt Mt Mt
Petrobangla: Base 32.7 36.9 45.8
Without High Risk Potential 34.2 43.8 52.9
PP2041: Base 10.8 14.5 25.2 319 49.4)
Without High Risk Potential 12.3 214 32.3 40.2 58.8
In-Between: Base 6.9 8.4 15.5 17.8 21.8
Without High Risk Potential 8.4 15.3 22.6 26.1 31.2

Source: PebbanglalEPMP Study Team

To accommodate the increasing requirement for LNG import, the countryeeitl to introduce
additional LNG receiving terminals beyond the current plan. As shown ime=§24, it will be after
2045 If thehigh-risk productiorpotential would not materialize, LNG import fagilinust be expanded
much earlierand around 2040Since about 5 years are necessary to developxatditea new plan,
such decision may need to be made ard0fbin the earliest caseOn the other handf the natural
gas demand follows the projection made by Petrdbaggs supply balance will become tight at an
earlier time. To cope with this, LNG import needde increased earlier.

Simultaneously, natural gas pipelines must be strengthened toraodate the increased demand,
especially increased LNG import and transmission.
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2) LNG Import Terminal

Presently two floating storage
and regasification
(FSRUs) are in operatiorin
southeastern part of Banglades
offshore  Moheskhali their
expansion is being considere

units

Table 6.2-4 LNG Terminal Plan

Location Terminal Capacity/ Expansion Start-up
MMcfd
Moheskhali |#1 FSRU (Operating) 500 a{ 630|Expnasion to be discussed
#2 FSRU (Operating) 500 a{ 630|Expnasion to be discussed
#3 FSRU 500-750 2026
Payra #4 FSRU 630-1,000 2028
Matarbari  |Land-based 1,000 2030

Total

3,430~4,010 MMcfd (24.0~30.7 million tonnes)

pending gas demand trenbh
addition, preparation is being
made to introduce two more
FSRUs and one onshore LNC
terminal as shown in Table 64

Source:Petrobanala

%
e
= Fhase 1

Future Expansion
Area
(145 ha)

Located at estuaries of big river:
very shallow water areas ar
extending to far offshore alonc
the seashore of Banglades
prohibiting voyages of world
class large tankersFor this

reason,FSRUs were selected t
start with ING import. LNG is
received from oceagoing :
tankersand regasified there ant
sent to the onshore gas pipelir
system. FSRUs can b
introduced with shorter lead time
and, inthecaseof alease contract, with less upfront expenditure. However, they maymbedeplaced
after use of certain period. On the other hand, a land terminal offers muittefleperationwith

sufficient tank capacitto receive worleclass larger LNG carriers (170,008to ship LNG for smadl

lot local use and to utilize cryogerieat for cold storage and industrial activitteand terminal will

be of longlife andwill be more economic in the long run.

Source: RPGCL

Figure 6.2-3 Matarbari Port Development Plan

Thus, the first onshore LNG terminal in Bangladesh is plaatbthtabari, which is expected to add
an additional 3.8 million tons in the second phase and 7.6 million tons in the future. If gdi2neent
increases further, the MatarbaNG terminal may be expanded furth€he biggest challenge for this
project isdredghg of the fairwayo secure the water depth feorld-classLNG carriers and cargships
to enter the port.

As LNG demand increases, supply scheduling will become more serioiesitedfby hourlydaily,
and seasonal fluctuatisof gas demand. As international LNG SPAs are generally rigid proviaityg
limited tolerance for lifting adjustment, demand fluctuation must be labdan the LNG buyer’s side.
It will become increasingly difficult to cope witthemand fluctuation only with FSRUs with limited
capacity. To secure sufficient operational flexibility, it is neegggo construct an onshore terminal with
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greater LNG storage capacity and an additionallipgpéo timely send out gas.

MTPA
30 == Additional LNG: Contingent
11.1
70 == Additional LNG: Base
New (contingent) ~ [=ii=:
60 e New  mmmm | NG: Onshore Moheskhali

=3 LNG: Additonal 2 FSRUs

mmm LNG: Existing 2 FSRUs

== Production: High-Risk

mm=m  Production: Low-Risk

=== LNG Demand: Petrobangla

=== LNG Demand: PP2041

LNG Demand: In-Between
—— Required Capacity: Petrobangla
2019 2030 2035 2040 2045 2050 —— Required Capacity: PP2041

) - . Required Capacity: In-Between
Note: LNG termial operation is assumed at 85% of the capacity.

Source: IEPMP Study Team

Figure 6.2-4 Requirement for LNG Import Terminals

The required total capacity of LNG import terminatalalated at an annual average load factor of
85%, is likely to exceed 30 million tons per year after 2040. Howevitwe ifiighrisk potential would
not materialize, such consideration mustadgancedy 5 years or so. Requirement for LNG import
terminal® is illustrated in Figure 6.2-4 based on the gas demand projection and naturaldyeasiqm
as shown in Table 6.2-2.

In casegas production frorthehigh-risk potential were not materialideLNG import capacity needs
to be expanded at around4®0As construction/expansion af ANG terminal may need a lead time of
3-5 years, it is necessary decideon this issue at arourD35 Ononehand, if natural gas demand
evolves along with the projection for theBetween case, suedecision can be made 10 years later.
On the other hand, however, if natural gas demand grows faster as indicatedpirjection by
Petrobangla, the additionatport capacity will become necessary around 2035 and the decision on this
needs to be made before 2030.

It is quite challenging to predict the pace of energy consumption growth when an ecergwimgi
to takeoff. Therefore, the natural gas demareahd must be carefully monitored, and projections should
be reviewed periodically in order to guide the industry in the right direction

3) Cross border LNG import

Due to lack of deepwater ports in Bangladesh, import of vaporized LNG pé&ing is being
considered. Feasibility of this plan is yet to karmained, while, likewise with electricity, wellesigned
international connection is expected to enhance stability of the entiseigely network.

29 Calculated applying an annual averaggas availability at 85%, according to tinéormation provided by Petrobangla.
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6.2.4 National Gas Pipeline Network Plan

Currently, the JICA Technical Cooperation ProjectGANGas Technology Project) is working on
improvement of the gas supply in Bangladesh. As discussed in Chaptep& gt configuration of

the national gas pipeline is incomplete. It is-sited pressurizing system with a fisbne structure
resulting in inefficient operation. In addition, due to shortage of indigenous gas poodtiué system
is not operated effiently. To improve the situation, the national gapeline network should be
upgraded with lager diameter pipes, measuring systed, in particulara new pipeline connecting
Matarbari and Dhaka argipeline loops with multiple input points to stabdgas supply in the central

area around Dhaka and th-

western region.

The draft plan presently
considered by the projec
team is shown in Figure 6.2
5. The regasified LNG
supply will comein mainly
from Moheskhali and
Matarbari. Because of the
shallow water depth in the
western part of the country
import terminals are mostly
located in the east. As LNC
import increases, it will
become increasingly difficult
to accommodate them onl
with the «isting pipeline
from Moheskhali. Therefore,
when the Matarbari onshort
LNG terminal will be
constructed, an additiona
pipeline for gas evacuatior
from the Matarbari terminal
will become necessary. Thi:
48-inch  new pipeline
extending for 360 km may be

Source: IEPMP Study Team
Figure 6.2-5 National Gas Pipeline Network Plan (Draft)

laid down partly subsea and connected to the western part of the Dhaka loop. It should alsol@lay a
for gas storage and pressure adjustment for théevgdystemo mitigate operational problems being
caused by rigid and sizable LNG supply contrfcts

To provide a resilient gas system, aiB6h loop will be built in the central metropolitan area around

30 International LNG contracts usually allow only lteml tolerance for lifting. LNG buyers are supposedanage overall
gas procurement by themselves and cope with teeiadd fluctuation by their own responsibility.

122



Dhaka and another loop to widely cover the western region. They will alsorplaypartant role to
secure stable gas pressure in the whole systerthag@nable efficient gas supply.

To supplement this, it is desirable to have a gasitygwint in the west of the country to stabilibe t
whole national gas system and accommodate thedasadlemand in the west. Thus, the offshore Payra
FSRUand the pipghe connecting to the western loop ptenned. However, due to the shallow water
depth and fast sedimentation in this area, mamegsaeed to be overcome before the project is given
green light. It is necessary to implement such study well ahead pfadfect implementation.

In order toproperlymanageheentiresystem as describedbove it is necessary to have a centralized
operation center such asas DispatciCentr. It will monitor, direct and control operation of thetire
gas system. To ehke this, it is necessary to instghsmeteringsystens at custody transfer poingnd
automatic control valves and fittingsrespond tdhe operation directivasgether with the centralized
information system applying the modern digitization technolofiye existing system must be
upgraded as wellin order to enable such operatimanagement

The above concept will be further refined diné-tunedthrough the ongoing techrezonomic study.

Additionally, if supplemental supply of gas is required at I@zdekllites particularly for gas pressure
stabilization, as well as gas users not conneddtid pipeline system such as industrial pand
community gas, diwvery of LNG or CNG in asmall lotmay be considered. Such system is cafled
“virtual pipeline”, which is being adopted worldwide where pipeline cotimeds impracticable.

For example, LNG is filled in 4@ containers (1&nsof LNG each) at an onshe LNG terminal,
and transported by trailers, railwaysriver barges as shown in Figure ®.2This system is beneficial
as it does not require complicated transshipment facilibeimeen the origin and destinatiblowever,
storage tank(s) and vaporization system are negeatsthe destination termindn the other hand, if
an isolated customer is located in a short disténooe atrunk pipeline, CNG will banore advantageous
than LNG because vaporization system is not negedsawever,the CNG approachmay be limited
to smaltmedium size users as highessure gas storage in a large quaigitjifficult. Depending on
the demand size, layg a branch pipeline may be practical otarge gasiser.If necessary, feasibility
of such system may be examined in the course @natgas system development.

31 For example, the existing pipelifrem Moheskhali to Bakhrabad is designed to accodat® 1,700 MMscfd. However,
without proper operation system, present gas floless than 1,000 MMscfd on average. The gas fietemn must be
reviewed and upgraded to maximize the flow capacity
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Source: IEPMP Study Team
Figure 6.2-6 Virtual Pipeline by LNG

6.2.5 Issues and Challenges

In this IEPMP, natural gas demand is projected under the Advanced TechnologyidSEET)
where utmosefforts should be made on energy efficiency andgepration. However, in the early stage
of economic development, such efforts may take tion#ourish, and natural gas demand may grow
much faster as projected by Petrobangla. To cope with tlasi@tessary to closely monitor the demand
trend and findune the medium-term gas development plans, accordingly.

As shown in Table 6:2, outlook of indigenous gas production is particularly important for the
country as the deficit must be made up by import. Though the global market lispgevoday, LNG
import means straight outflow of foreign currencies giving substantidebusn the economy. On the
other handpy increasing domestic production, gas supply will be more stabilized, econdihiyewi
stimulaed with investment and technologies will be accumulated. Introduction of meadmotogy
and exploration fund that are not available in Badgsh is a key to success in enabtiegelopment
of the highrisk potential gas. To this end, it is crucial foe country to prepare appropriate conditions
to invite foreign investment and technologies.

Present gas system in Bangladeshadenwith problems on its relativelputdated designszas
leakages observad many points of the system must be fixed in view of safety, economy and global
climate change. Propend completaneasuring and control system must be built in tstesn for
efficient system managemie

Modernization of the city gas system, in particalameasuring and pricing, is essential to revigaliz
the gas business atml promoterationalization of metropolitan development. Because of the problems
facing the obsolete system, city gas is being phased out. However, it requirgs aumber of LPG
cylinders to be delivered or increased electricitystonption in the residential and commercial sectors
In this regardit is necessary to consider the policy on appropriate distribaficnoking fuel among
city gas, LPG and electricity.
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6.3 Petroleum Products

6.3.1 Oil Demand Outlook

Consumption of petroleum products is foreedsd expand 7.6old between 2019 and 2050 for the
PP2041GDP cae and/.O-fold for the InBetween Case as shown in Table-6.3 he increase will be
mainly led by motor fuel such as gasoline and diesel oil in response tcsingrdamand for mobility.
Diesel and fuel oil are also used for sea and nvater transport. The share of the overall trartspor
sector will exceed 60%f the oil demand in the 2030s.

Table 6.3-1 Oil Demand Outlook by Sector

Total Primary Liquid Supply (million toe) Composition Average Growth Rate | 2019 to
2019 2030 2041 2050 2019 2030 2041 2050 | 19-30 30-41 41-50 2051
PP 2041 % % % % % % % times
Industry 0.4 1.0 1.8 3.2 7.0 5.8 6.0 7.5 8.9 5.6 5.2 8.13
Road 2.1 8.1 14.4 18.3] 36.3 45.9 47.0 42.3 13.2 54 2.2 8.84
Other Transport 0.9 1.9 4.3 8.1 16.5 105 14.0 18.7 6.3 7.9 5.9 8.60
Residential 0.2 3.2 6.0 8.1 3.6 179 19.6 18.7| 28.3 6.1 2.7 39.75
Commercial 0.0 0.1 0.2 0.2 0.1 0.7 0.6 0.6 33.0 4.7 2.4 49.74
Agriculture 1.1 1.6 2.7 3.8 18.7 8.9 8.7 8.7 3.5 5.0 3.2 3.562
Non-Energy 0.1 0.3 0.5 0.8 2.0 1.6 17 1.8 8.8 5.7 35 6.79
Power 1.4 1.8 0.8 0.8 23.7 10.1 2.6 1.8 2.5 -7.2 0.0 0.58
Refinery Loss 0.1 0.3 0.4 0.4 2.6 1.7 13 1.0 6.5 25 0.8 2.85
Distribution Loss, etc. -0.6 -0.5 -0.5 -0.4| -10.6 -3.0 -1.5 -0.9 -11 -1.3 -1.2 0.68
Total 5.7 17.6 30.7 43.4| 100.0 100.0 100.0 100.0 10.8 5.2 3.2 7.60
thousand barrels per day 112 347 603 852| (kb @ 5840MJ)
In-Between
Industry 0.4 1.0 1.7 2.5 7.0 5.7 5.8 6.4 8.6 4.8 4.0 9.6
Road 2.1 8.0 13.9 17.3] 36.3 46.1 48.2 43.6 13.0 52 2.0 7.0
Other Transport 0.9 1.7 3.6 6.3| 16.5 10.0 12.6 15.9 5.7 6.9 5.1 9.2
Residential 0.2 3.1 6.3 8.9 3.6 17.8 21.7 22.4| 280 6.6 3.3 -8.0
Commercial 0.0 0.1 0.2 0.2 0.1 0.7 0.7 06| 329 4.6 2.3 -8.8
Agriculture 1.1 1.5 2.3 3.0f 187 8.6 8.1 7.7 3.1 4.2 2.4 18.0
Non-Energy 0.1 0.3 0.5 0.8 2.0 1.6 1.8 1.9 8.8 5.7 35 9.0
Power 14 1.9 0.4 0.6/ 237 108 1.3 1.4 29 -133 3.7 40.3
Refinery Loss 0.1 0.3 0.4 0.4 2.6 1.7 1.4 1.1 6.5 25 0.8 179
Distribution Loss, etc. -0.6 -0.5 -0.5 -0.4| -10.6 -3.1 -1.6 -1.0 -1.1 -1.3 -1.2 34.4
Total 5.7 17.3 28.8 39.7| 100.0 100.0 100.0 100.0 10.6 4.7 3.0 6.95
thousand barrels per day 112 340 565 780| (kb @ 5840MJ)
Source: [IEPMP Study Team
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Diesel is widely used for power generation at pneae small rural power stations as well as at some
larger thermal stations. Diesel for power will gradually phase out dumiodernization and
rationalization of the power supply system being replaceothgr sources. Residential sector will be
the next largest user of oil products representethéxeasing demand for LPG. Traditional biomass
typically firewood for cooking and hot water supply will be switched t@gas fuel during the course
of moderniation of life. Fuel switching is expected to impeadomestic air quality and hence people’s
health condition. For supply of clean gaseous fo@lyever, the question “city gas or LPG” must be
discussed deliberately as discussed in 6.3.2. Tisesepossillity that city gas would be used more
widely substituting the LPG import projected herein

While diesel is used in the agricultural sectoiifiagation and agricultural machines;ertain amount
of them used for irrigation will be switched to grid povaad solar PV system.

Dependingon the future transport system ahe choiceof cooking fuel, consumption of petroleum
products is projected to expand greatly and how to supply thexdeguateuantity and quality, is the
issue for the oil sectoflso an important issue for consideration is whether they should be supplied by
expansion of the domestic refining capacityppimport of products.

6.3.2 Breakdown of Petroleum Demand

Bangladesh Petroleum Corporation (BR2pects petroleum demand of its k&ting companies
from 2022FY to 2031FY as shown in Table 6.3-2.

Table 6.3-2 BPC’s Demand Outlook

million tons

2022FY | 2023FY | 2024FY | 2025FY | 2026FY | 2027FY | 2028FY | 2029FY | 2030FY | 2031FY
Gasoline 0.8 0.8 0.8 0.9 0.9 1 1 1.1 1.2 1.2
Kerosene, Jet A-1 0.5 0.5 0.5 0.6 0.6 0.6 0.7 0.7 0.8 0.8
Diesel 4.9 5.3 5.8 6 6.3 6.6 7 7.4 7.9 8.4
HSFO and others 0.9 0.8 0.7 0.8 0.8 0.8 0.8 0.8 0.8 0.9
Total 7.1 7.4 7.8 8.3 8.6 9 9.5 10 10.6 11.3

Taking into accournthat1.4 million tons

of LPGwas importedby private companies Table 6.3-3 Breakdown of Petroleum Demand
in 2021, Fuel Oil(Furnace Oilimported

by Independent PoweProducers(IPP), 2021FY | 2030FY | 2041FY | 2050FY
and theaboveoutlook of BPC up to 2030, millon tons
breakdown ofthe demand till 2050are  [° 6.0 135 24.9 32.6
. Private Refinery 0.5 0.5 0.5 0.5
forecastasshown inthe Table6.3-3. .
LPG (private) 14 2.5 5.0 10.0
Thesales volume of the threearketing |[HSD & FO (IPP) 4.4 1.0 0.0 0.0
companies under the umbrella of BP [To@ 123 1r5 304 431

(Padma Oil Company Ltd Jamuna Oil Source: IEPMP Study Team
Company Ltd, and Meghna Petroleum
Ltd.) will be 10.6 million tonsin 2030, increasing to236 million tons in 2050. Theotal sale of 23
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private LP gas operatovgll be 2.5 million tonsin 2030andwill expand tal0 million tons in 2050,
pending discussion on the selection of cooking fuel in the residential and coainsertors. e
amount of fuel consumed by IPPs for power generatiirbe 4.5 million tonsin 2030 and will phase
out before 2040.

6.3.3 Supply Plan of Petroleum Products

Along with progress in expansion o Table 6.3-4 Petroleum Supply Plan
refineries and installation o$ingle Point
i i Unit: million tons per year 2021FY [2030FY 2041FY 2050FY
Moorings SPM9, supply capacity of [Foariquid fuel demand 123 | 175 | 304 |43.1
petroleum products willexpand to 17.5  [Refinery production 20| 50 150 |135
. . . . ERL-1 1.5 1.5 1.5
million tonsby 2030 including LPG import. g5 30l 30| 30
Main expansions expected ag;3 million ERL-3 (replace ERL-1) 100] 100
. Other small refineries 0.5 0.5 0.5 0.5
tons per year by construction Of th Product import (excl LPG) 89| 10.0 | 104 |19.6
distillation unit 2 at the Eastern Refiner | |BPC@Chittagong 45| 50| 50| 50
. . . . IBFPL 1.0 1.0 1.0
Limited (ERL-U2) in Chittagong starting 630 #EKLWWDIROJ 30l 45| as
operation in December 202@) 4.5 million 1HZ 630#7 %xcl crude oi) 9.1
b h SPMf | +6' )2 IRU ,33 4.4 1.0 0.0 0.0
tons per year by the new or petroleL o5 12 25 50 oo
products to start iDecembef023 whichare Existing LPG terminal 14| 15| 20| 20
. . ERL 0.0 0.1 0.4 0.4
beingconstructed together with the SPM fc (o o iasaren ool 281 76

crude oil handling, and) 1.0 million tons per

year by construction of amPG import

terminal In the north of the country, import of petroleum products fiumaligarhRefinery Limited

of India via India Bangladesh Friendship Pipeline (IBFR&$ already been commissioned in March,
2023.

Source: IEPMP Study Team

Oncethe SPM currently under constructiatoffshore Moheskali is put in operationits additional
constructioncost may become loweompared to construction of a new port omaificial island So,
to accommodate increasing demand, first priority is given to constructionoofduditional SPMs
dedicatedor petroleum products import.

Under the rationalization plans of crude oil import and petroleum products distiddbheskhali
SPM and IBFPL will start operation at the end of 20Phen,ChittagongDhakaPipeline (COPL) and
jet fuel pipelines toward Dhaka and

Chittagongairports will start operatiorat Table 6.3-5 Development of Major Oil Projects
the end of 202 and 2025, respectively
Approximately 40% of the petroleum Caprey cew PUElEClEee
. . . (mtpa) ($ billion)
demand i€oncentrateth the Dhakaregian [, orknvkNDossx2 Dec 2023 .75
In line with the start of the MPL, it is |iBFrL 1.0 End of 2023 0.033
necessary to increase the capacity gfDbPL 27 End of 2024 0.35
connectedil depots andalso to construct = 92 June 2024 0.037
. . -(73% 6%.% 0.4 End of 2025 0.02
newregional oil depd. ERL-2 30 Dec 2028 520
By 2041, onenew SPM unit, tank and Source: IEPMP Study Team
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double pipelinesvill be built for oil import This will assure stabldistributionof petroleum products
to meet the domestic demand. The western regions of Khulna, Rajshahi, and Recgymirfar about
30% of thenationaldemand. Taking into account the efficiency of supply to theserregt isnecessary
to set out an appropriatées planfor thetwo SPMs, their storage capacitieend the route of theroduct
pipelines to cover the regional oil demand

6.3.4 Points to Note

Petroleum demand is expected to increase further beyond&Q@8ate ofl.28million tons per year
or 25.6 kbd between 2030 and 2050. Against this backdrop, expansion of the national refining capacit
is projected witHlO million tons per year a200kbd as the ERL Uni8 with a high cracking capacity
to concentrate on production of lighter products. This @lems to maintaina certaindegree of
independence on produstipply In addition to the economics, issues on security, flexibility and
resilience of the petroleum supply system should be consitiestdkea sound balanceetween the
domestic refineryrd product import with a deliberate study.

In consideratiorof the increaisig demand in the western regeand improvement aupplysecurity
through dispersion of refineriethe Study Teantonsiders that thiecation of the new refinerghould
be decidd carefully while presentandidate siteareMoheskhali and Payra.

In this plan, after construction of the Moheskhali LPG import terminil a handling capacity of
1.0 million tonsper year, LPG import is projected to grow significantly. This is magalysed by
increasing use of LPG for cooking. As discussed eartigs, mecessary to consider the appropriate
distribution of cooking fuel among city gas, LPG and electricity evaluatiog gand cons of them.

6.4 CoalAt present, domestic natural gas @sppioned as the main base power of Bangladeslitsbut
productionis anticipated to decline in trdecades to coméConsideation on an appropriatdalance
between themported andhe domestic coais required asomeamount of coafired power plant will
remain for a certain period as the primary enefgh® base power.

6.4 Coal
6.4.1 Coal Demand Outlook

In Bangladesh, coal is mainly used in the industry and power sdnttustial coal consumption is
not so largecompared with other countries, as general coalwimg industries such as cement and
largescale blast furnace steel product@mnot exisin Bangladesh. This is mainly becaliseestone
as feedstock for the cement industry is scarcechmker is inported for production of cement products.
Insteadof cement imported coal has been used for production of bricks as the major construction
material in Bangladesh. the lightof the environmental problems incurred by the industry, burnt bricks
will be gradually replaced by nebpumt typereinforcedconcrete blocks. Domestic steel production is
not so large and electric furnaces arainly used to reproducsteel fromscraps. As such, industrial
coal consumption will remain relatively small irethourse beconomic development.
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Figure 6.4-1 Coal Demand Outlook

In Bangladesh, power supply with imported coal started at the Payra poti@n §1a2020 and
additional coal power plants are under construction in Matarbari. Coal comnsurfgt power will
continue to increase during the 2030s, but will gradually move to amyoofiiang to control GHG
emissionsLater, coal consumption for powaevill begin to decreas in theearly 2040s.0n the other
hand, if economic growth would be dull like in In-Between case, introduction of itine¥ael would
delay, and coal would be used continuousBverthelesshetotal GHG emissions will be substantially
lower compared with the PP2041 case as shown in Figure 4.4-3 due to slower energy dewtand gr

Table 6.4-1 Coal Demand Outlook

Total Primary Energy Supply (million toe) Composition Average Growth Rate | 2019 to

2019 2030 2041 2050 2019 | 2030 | 2041 | 2050 | 19-30 | 30-41 | 41-50 2051
PP 2041 % % % % % % % times
Industry 3.7 5.3 6.4 84| 92.4| 40.1] 42.4| 80.6 34 1.8 2.5 2.30
Power 0.3 7.9 8.7 2.0 72| 59.8| 575| 193| 353 09| -125 7.06
Loss, etc. 0.0 0.0 0.0 0.0 0.4 0.1 0.1 0.1 0.0 0.0 0.0 1.00
Total 4.0 13.2 15.2 10.5| 100.0| 100.0 | 100.0| 100.0| 11.6 13 -3.3 2.64

In-Between

Industry 3.7 5.3 6.2 75 92.4| 316/ 305/ 338 34 1.5 1.7 2.05
Power 0.3 114 141 14.7 72| 683| 694| 66.1| 399 2.0 0.3 51.42
Loss, etc. 0.0 0.0 0.0 0.0 0.4 0.1 0.1 0.1 0.0 0.0 0.0 1.00
Total 4.0 16.7 204 22.2| 100.0| 100.0| 100.0| 100.0| 14.0 1.8 0.8 5.60

Source: [IEPMP Study Team

At present, ammonia cefiring and CCS, both technologies for reducing GHG emissions, arestill
their infancy. Selection of low carbon technologies must be investigatefulbarimcluding the
technologies yet to emerge, and an appropriateejn@for use of coal amne of the primary energies
must be set out inonsideratiorof economics, energy security and environmental consideralibes.
potentialof CCStechnologyshould also be confirmed with systematic assessment

Coalfired power plants expected to be in @i®n during the project period are listed in Table 6.4
2 with features on operational parametdiote thatthe total Installed Capacity and Annual
Consumptioniotals are indicative figures, as the operatingogksrare different.
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Table 6.4-2 Coal-fired power plants and coal consumption

Installgd : Sl ey Load Calor?fic Value of  Annual cqal
Name of the Power Plant Capacity Ownership (Gross) (%) Factor designed coal consumption
(MW) (%) (HHV, kcal/kg) (1,000t/y)

1 Barapukuria 250 MW (1st & 2nd Unit) (BPDB SBU) 250 BPDB 32.0% 50% 6,130 480

Barapukuria Replace 600 41.0% 70% 6,130 1,259

3 Barapukuria 275 MW (3rd Unit) (BPDB) 274 BPDB 32.0% 50% 6,130 526
4 . 1320 BCPCL

Payra, Potuakhali 1320MW CFPP (1st Phase) ' (NWPGCL) 41.0% 70% 5,050 3,362

5 Maitri Super Thermal PP (Rampal) 1,320 BIFPCL 41.0% 70% 5,500 3,087
6 ) 1320 BCPCL

Payra, Patuakhali 1320MW CFPP (2nd Phase) ! (NWPGCL) 41.0% 70% 5,050 3,362

Matarbari 1200 MW USC CFPP (Unit-1) 600 CPGCBL 41.3% 70% 4,700 1,630

8 Matarbari 1200 MW USC CFPP (Unit-2) 600 CPGCBL 41.3% 70% 4,700 1,630

9 Patuakhali 1320 (2x660) MW USCPP (Phase-1) (Unit-1) 660 RNPL 41.0% 70% 5,000 1,698

10 | Patuakhali 1320 (2x660) MW USCPP (Phase-1) (Unit-2) 660 RNPL 41.0% 70% 5,000 1,698

11 | Barishal 307 MW CFPP 307 IPP 41.0% 70% 5,000 790

12 | Chittogram 2 x 612 MW CFPP (S.Alam Group) 1,224 IPP 41.0% 70% 5,000 3,149

13 | Dhaka Orion 635 41.0% 70% 5,000 1,634

14 | Moheskhali 1200 MW USCPP (ECA) 1,200 41.0% 70% 5,000 3,087

15 | Matarbali 1200 MW USC CFPP (Phase 2: Unit 3&4) 1,200 CPGCBL 41.3% 70% 4,700 3,261

Total 12,170 30,652

Note: Coal consumption is estimated imported coal heat value basis.
Source: IEPMP Study Team

6.4.2 Coal Supply

1) Domestic Coal Production

On indigenous coal production, four scenarios are considered on a variesifilfiies of seven
coal mines as shown in Table ®@4CaseA and-B are stagnant scenarios that new coal mines will b
relatively limited. Cas€C and-D consider moreaitilization of domesticcoal. The most important point
is the F/S of opepit mining at the Barapukuria coal mine, the reswit which will determine the
direction of coal development in Bangladdeh the future. If opespit mining becomes technically,
costeffectively, and saally and environmentally feasible, both the amount of coal production and the
mining rate will be greatly improved.

Table 6.4-3 Case Study on Coal Production

Project Case-A Case-B Case-C Case-D Production
start
1 Barapukuria U/G Production =) Same =) Same =) Same Producing
2 Dighipara U/G Feasible >> Production =) Same =) Same =) Same 2033
. . FS >> Feasible >>
3 Khalashpir U/G FS >> Not Feasible Production =) Same 2037
’ . FS >> Feasible >>
4 Jamalganj U/G FS >> Not Feasible Production
. FS >> Feasible >>
5 Barapukuria O/C FS >> Not Feasible =) Same Production =) Same 2035
6 Phulbari O/C FS :;iisﬁl:f >> 2045
2019 0.8 0.8 0.8 0.8
E 2022 0.7 0.7 0.7 0.7
S 2030 0.0 0.0 0.0 0.0
5 2041 3.0 8.0 9.0 7.0
2050 3.0 8.0 11.0 15.0

Note: Assume coal production continue until 2058ath existing and new mines.

Source: IEPMFStudy Team
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Figure 6.4-2 Coal Production Outlook by Scenario

The genario sequence of the above assessment is aggollo

1) Expansion of the Barapukuria coal mine and development of the Digipara iceaiith be
implemented.

2) F/S on openpit mining in the Barapukuria coal mine and tkbalashpir and pr&/S of
Jamalganj coal field will be conducted

3) |If the F/S on opeipit mining at Barapukuria is not favorable, development okiha&lashpir
coal mine may be considered.

4) If the F/S onopenpit mining at Barapukuria is favorable atitk openpit development is
implemented, development of the Khalaslgoal mine is not necessary.

5) Development of an open-pitine at Phulbari will be considered aftee Barapukuria coal
mine starts production by op@it-mining.

2) Coal Supply Balance and Import

The above study result is summarized in TabledGa#hd Figure 6.48. Under the PP2041 demand
projectionwith vigorous economic growth, introduction of nemeegies will progress fast in the power
generation sector, and coal consumption may start decreasing in the 2@é@sedticcoal utilization
would be stagnardsin CaseA, coal import needs to be continued. On the other hand, with coal mine
developmenasin CaseC, coal import may almost cease by 2050.
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Table 6.4-4 Demand/Supply Balance of Coal

Million tons of coal Compared with 2019
2019 2030 2041 2050 2030 2041 2050

Coal Demand (6,505 kcal/kg equiv.)

PP2041 6.1 21.6 24.8 171 155 18.7 11.0

In-Between 6.1 27.3 33.3 36.2 21.2 27.2 30.1
Domestic Production (6,505 kcal/kg equiv.)

Case A 0.8 0.0 3.0 3.0 -0.8 2.2 2.2

Case-C 0.8 0.0 9.0 11.0 -0.8 8.2 10.2
Coal import (5,000 kcal/lkg equiv.)
PP2041

Case-A 6.9 28.1 28.3 18.3 21.2 215 11.4

Case-C 6.9 28.1 20.5 7.9 212 13.7 1.0
In-Between (5,000 kcal/kg equiv.)

Case-A 6.9 35.5 394 43.1 28.6 325 36.3

Case-C 6.9 35.5 31.6 32.7 28.6 24.7 25.9

Source: [IEPMP Study Team

In contrast,without dilization of domesticcoal, significant amount of coal needs to be imported
causing a greater foreign curogroutflow.

(Milion tons of Coal) (Milion tons of Coal)
ATS PP2041 ATS In-Between e Power
50 50 Generation
45

45 mmm |ndustry. Loss,
40 40 etc.
35 35 —— Production
30 30 Case A
25 25 Production
20 20 Case B
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10 10 Case C

5 5 Production

0 Case D
2019 2025 2030 2035 2041 2045 2050 2019 2025 2030 2035 2041 2045 2050

Source: IEPMP Study Team
Figure 6.4-3 Demand/Supply Balance of Coal

Pros and cons of domestic and imported coals are summarized in TahlevBefeunderlinedparts
indicate advantageous features.
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Table 6.4-5 Comparison of Domestic and Imported Coal

Evaluation Item Domestic Coal Imported Coal
1. Charcoal quality 6,500 kcal/kg About 5,000 kcal/kg
2. Price Stable Unstable
3. Source of supply Time and initial investment are There are many overseesal

required to develop new coal mines.| producing countries.

Investment in new coal mine
development will be decreasing.

4. Transportation When supplying power plants that useLarge ship + barge transportation in
infrastructure issues imported coal, it is necessary to the Bay of Bengal
establish a transportation Need to take measures to maintain

infrastructure from the cogdroducing | stabk supply
area to the supplste.

5.Cash flow All operating costs can be paid Most of the purchase cost plus ocean
domestically. transport cost are paid to overseas.
Foreign currency is needed.
6.Employment security Employment will increase areas Employment in the domestic
from production tdransportation. transportation industry will increase.
7.Environmental issues | Measures to promote public None
during mining understanding of environmental

destruction are necessary.
Source: IEPMP Study Team

6.4.3 Key Policies for Coal Supply and Demand
1) Utilization of Domestic Coal

Coal quality and geologicalonditions in in Bangladestare advantageousompared with other
countries. It would be possible to meet coal demand in Bangladesh only witstaoroal in the future.
In this regard, the following pointgeto beconsidered;
1H With utilization ofindigenouscoal,domesticenergy prices will be stable and unaffected by the
worldwide situation such ale Ukrainian crisisor energy price hike.
2H Utilization of domestic coamines can reduce imported coal and prevent foreign currency
outflow.
3H Utilization of domestic coal mines will generate employment@ordribute to thelevelopment
of regional economy.
4H Utilization of indigenous energy resources can provide peasifeaffordable energy

2) Key Policy Recommendations

Coal is expected to support development of electricity supply dumngd20s and 2030s. This would
increase import of coagven thougtBangladesh is endowed with rich coal resourthisization of
domesic coal mines will contribute to regional developrhas well as enhancement of energy supply
security However, many issues need to be solved by a comprehensive study in relatahrine
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development technology, project economics, environment, caabgoration and, in particular,
consent of local residents. As a prelude to taskieh approach, feasibility studiase requiredn
candidate coal mines as proposed in Table36Main issues to be considered in said comprehensive

study will be as fdbws:

1>' Effective utilization of domestic resource®iseof optionsto cope with possible increase in coal
import. If domestic coal is utilizednew domestic coal development plan shdddonsidered
promptly,so thatthe preparation period for implementation could be shortened.

2>' Early implementation of F/8n open-pit mining is an urgent issue.

3>' If anynewly developed domestic coal is to be supplied to a thermal powerhatistresently
scheduld touse imported coal, F/S should also be conduatetietransportatiomouteand the

capacity of theelevant domestic infrastructure.

4>' As a measure to ensure a stable supply of imparted, it is beneficial to installcoal
transshipment facility at the port of Matarbari. Tl enable lightering of oeanclass vessels

as well as smalbt coal transport by river barges.

5>' To enable prudent use of coal as above, it is sacgs$o explore evergvenueto mitigate the
environmental impact an¢h particularto carry out dull-fledged study on applicatioof CCS.

6.5 Other Energy Sources
6.5.1 Requirement of Clean Energy Supply

For buildinga low carbon economy with clean energy sources anmguap to 40% of the power
generation mix in 2041heintroduction of clean energies must expand rapidtjudinghydro, nuclear,
solar PV, wind, modern biomass as well as CCS, ammonia and hydrogen. The total sufgan of c
energy will amount to 45.5 million toe in 2050 for the PP2041 GDP cas87aBdillion toe for the
In-Between case. The share of clean enestiyncrease from almost nil in 2019 to 27% in 2050 for the
PP2041case. In addition, power import includdsat of hydro power cum green energies from the
neighboring countries.

Table 6.5-1 Clean Energy Supply in the TPES Mix

Total Primary Energy Supply (million toe) Composition Average Growth Rate 2019 to
2019 2030 2041 2050 2019 2030 2041 2050 19-30 | 30-41 [ 41-50 2051
PP 2041 % % % % % % % times
Traditional Fuel 43.1 66.9 93.0 117.6 98.4 89.9 78.5 69.6 4.1 3.0 2.2 2.73
Clean Energy 0.1 5.7 21.9 45.5 0.2 7.7 185 26.9 44.6 12.9 6.9 | 459.40
Power Import 0.6 1.8 35 5.8 1.3 24 3.0 34 10.6 6.5 4.6 9.94
Total 43.8 74.4 1184 168.9| 100.0 100.0 100.0 100.0 4.9 4.3 33 3.86
In-Between
Traditional Fuel 43.1 65.9 86.1 94.3 98.4 90.7 80.5 68.6 3.9 25 0.8 2.19
Clean Energy 0.1 5.2 17.7 37.8 0.2 7.2 16.5 275 43.4 11.7 7.2 | 381.67
Power Import 0.6 15 3.2 5.5 13 2.1 3.0 4.0 9.0 7.1 5.0 9.37
Total 43.8 72.7 107.0 137.6] 100.0 100.0 100.0 100.0 4.7 3.6 23 3.14

Source: IEPMP Study Team

Among the energy sources, nuclear, hydro and CCS are expected to play importastdsesssed
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in Chapter 5. In Bangladesh, geothermal resourceaarexistent Resources of variable renewable
energiesnotably solar and windare relatively limited stdiscussed in Chapter 3, while land available
for them is limiteddue tohigh population density. Their introduction is scheduled at a maximum level
reasonablyconceivablebut the share of these variable new energiesraritlain below 20% even in
2050.
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Source: IEPMP Study Team

Figure 6.5-1 Outlook of Clean Energy Supply

With limited potential of variable renewable resmg as above, hydrogen and ammonia are expected
to play important roles in the pursuit of a clean energy economy.Wiliéy principle be imported from
countries mainly in the Middle East where abundaoiair resources are available for hydrogen and
ammonia production via electrolysis.

Table 6.5-2 Supply Plan of Clean Energy

Total Primary Energy Supply (million toe) Composition Average Growth Rate 2019 to
2019 2030 2041 2050 2019 2030 2041 2050 19-30 | 30-41 | 41-50 2051
PP 2041 % % % % % % % times
Nuclear 0.0 4.4 8.8 13.1 0.0 76.4 40.0 28.9 - 6.5 3.8 -
Naturlal Gas - CCS 0.0 0.0 37 10.1 0.0 0.0 17.0 22.3 - - 9.5 -
Hydro 0.1 0.1 0.1 0.1 66.7 15 04 0.2 24 0.0 0.0 1.30
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - -
Solar PV 0.0 0.7 13 25 323 12.8 6.1 5.6 329 5.7 5.9 79.09
Wind - Onshore 0.0 0.1 0.3 0.9 1.0 25 14 2.1 56.8 7.0 11.1| 941,53
Wind - Offshore 0.0 0.0 13 34 0.0 0.0 6.1 75 - - 8.8 -
Variable NREs 0.0 0.9 3.0 6.9 33.3 15.2 13.6 15.1 34.7 11.8 7.9 | 207.94
Modern Biomass 0.0 0.2 0.3 04 0.0 2.8 12 0.9 - 4.4 4.0 -
Ammonia 0.0 0.2 12 0.6 0.0 4.1 5.3 12 - 155 -6.4
Hydrogen 0.0 0.0 4.9 143 0.0 0.0 225 315 - - 10.2
Clean Fuel 0.0 04 6.3 158 0.0 6.9 28.9 33.6 - 28.6 8.3 -
Total 0.1 5.7 21.9 455 100.0 100.0 100.0 100.0 44.6 12.9 6.9 | 459.40
In-Between
Nuclear 0.0 4.1 8.2 8.2 0.0 78.6 46.5 21.7 - 6.5 0.0
Naturlal Gas - CCS 0.0 0.0 19 10.1 0.0 0.0 10.6 26.8 - - 16.6 -
Hydro 0.1 0.1 0.1 0.1 66.7 16 0.5 0.2 24 0.0 0.0 1.30
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - -
Solar PV 0.0 0.7 13 25 32.3 14.0 7.6 6.7 32.9 5.7 5.9 79.09
Wind - Onshore 0.0 0.1 0.3 0.9 1.0 2.7 17 25 56.8 7.0 11.1| 941.53
Wind - Offshore 0.0 0.0 13 34 0.0 0.0 7.6 9.0 - - 8.8 -
Variable NREs 0.0 0.9 3.0 6.9 333 16.7 16.9 18.2 34.7 11.8 7.9 | 207.94
Modern Biomass 0.0 0.2 0.3 04 0.0 3.1 15 1.0 - 4.4 4.0 -
Ammonia 0.0 0.0 12 16 0.0 0.0 6.5 4.3 - - 3.2
Hydrogen 0.0 0.0 3.1 105 0.0 0.0 17.6 27.7 - - 11.7
Clean Fuel 0.0 0.2 4.5 125 0.0 3.1 25.6 33.1 - 354 9.7 -
Total 0.1 5.2 17.7 37.8] 100.0 100.0 100.0 100.0 434 11.7 7.2 | 381.67

Source: IEPMP Study Team
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However, hydrogen and ammonia can be produced via various methods. Some of them would be
available even within the country, such as surplus electricity duringeak time brought by variable
renewable generation, basad type large power plants such as nuclear, and so on. New tecdésiolog
may also emerge in the global efforts toward low carbonizalimstart with Bangladesh should join
such global endeav®and tackle R&D of these technologies. It may statth study and investigation
at firstandmay develop into pilot projects and eventuaticommercial applications. Such activities
will alsobring up experts on these new technologies who are essential to make the re@dytrfor
clean energy economy.

6.5.2 Points to Note

For Bangladesh, thgourney to a low carbon economy is not an easy one as the country is
unfortunately not endowed with rich renewable energy resources, notably sa#ioraditable wind
flow or geothermaheat The country is characterized with its flat lowndawith extemely high
population density. Potential of hydro or pumped hydro generation is quite limited. U ihaaihere
are good geological formations suitable for carbon storage, but thegtdoehe confirmed technically
and commercially. Therefore, itéticipated that technologies such as nuclear, anatitydrogen and
CCS, mainly based on industrial technologies, will play major rolEsuircarbonization.

CCSs, for instance, has gained increasing attentionscent years as one of necessary solsition
realize nezero emissions. A number of locations in the United States, Europe, and Auatsli
currently being developed as a “CCS hub” which accommodate multiple carbonrgapnuati storage
operations in a single location.

On hydrogen, while theost of producing “green hydrogen” is likely to decline in the future thanks
to reduction ofelectrolyzer costs, “pink hydrogen” that is produced from nucleaergy may also
become a major hydrogen supply source because sfability (noAntermitteng) of power supply.
Supply cost of hydrogen, furthermore, will also decline as the technolalgicalopment of hydrogen
career such as ammonia, liquid organic hydrogeeecglt OHC), andiquefied hydrogen (LH) will
evolve. These technologies are expectsm advance significantly in the future. Therefore, it is
particularly important t@loselymonitor their progress and make decisionareppropriate timing in
line with the timeline and important milestonediw# energy roadmap.

Hydrogen Application

Many concepts and technologies are being explaretiyfdrogen utilization which are classifie
as those mainly relating to source of hydrogentande orhandlingof hydrogen in the process of
transportation, storage, and utilization.

1. Source of hydrogen
i Gray hydrogenhydrogen produced from fossil fuels such as natural gas and coal
i Blue hydrogengray hydrogen with CCS
i Pink hydrogenutilization of surplus electricity at nuclear plant
i Green hydrogerutilization of surplus electricity of renewableexgy generation
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2. Handling of hydrogen
i Liquid hydrogen carrier: ammonia (pressurized), other hydrocarbons sudhesmto
i Liquefied hydrogenpure hydrogen (extremely low temperature and/or high pessur

Bangladesh is a positionyet to catch up with froatunners such as China and Indrmong emerging
countries In the talk of energy policy, it should be képin mind that eradication of poverty and
improvement of the living circumstance to sexccitizen’s health are the most important segonomic
objectives. For examplelJnited Nations has listed energy as one of the dtevh Sustainable
Development Goals (SDGs), and its goal is "Affoldadnd Clean EnergyThe SDG7 is divided into
three iems: 7.1Access to Energy, 7-Renewable Energy, and 7Ehergy Efficiency. In developing
countries such as Bangladesh-&ctess to Energy is especially important from the point of improving
the living standards of the poor. In particularcleart energyshould be easily accessed. Thus, there
is a need to switch from firewood teodernenergessuch as electricity and gabatareconsideredo
be clean, The question then'lrow to supply them securetndat affordable prices, climate concerns
aside” It is aimed to rationally sort out priorities of goals and measures to aehikemunder this
Energy Master Plan.

6.6 Summary
6.6.1 Energy Roadmap and Milestones

For implementation of the Master Planpadmagor the timing of staruip and investment dision
of critical energy supply infrastructure is provided in Tablel6.6h the power system development,
one ofthe critical decisios to be maden the shor to midterm ison the third and fourth unit of
additional nucleaplants Since thigvlasterPlanassumes these units will be on stream from 2033, its
feasibility study musstartatthelatestby 2028. Besides the nuclear power plant, feasibility study of the
first offshore wind farm may be undertaken at around 2028. Detailed study dioalrgses with CCS
and the hydrogen mono-firing power generation will be started at around 2030.

Natural gas will be the main energy to drive the economic growth in partiaulese early period. Its
mediumterm supplydemand balance is exposed to various uaitgies such as rescheduling of large
power plant, greater success in industrialization, slow penetdtenergy efficiency and conservation,
outcome of natural gas exploration, etc. Therefioe@ds in these movements must be monitored glosel
and the natural gas development plan should be fine-tuned from time to time.

With regard to the coal supply infrastructure, pending the coal productiicyg pbthe government
of Bangladesh, investment decisioms Barapukuria underground extensierNorth and Dgipara
underground development projects need to be made by 2024. Because it takeg/rigaguirne to
prepare for starting production at coal mines, feasibility stdiesther mines should also be started
from 2024.

Forthe oil sectarin order tomeet the increasing demand and imports, investment dexisigst be
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made by 2025 on the expansion of the existing Eastern Refinery and the installatiomgtd pasnt
mooring system in Moheskhali. In addition, another LPG import facility also nedéggput on stream
by 2030 to accommodate the meditenm demand increastnefeasibility study for this facility should
be started around 2025.

Uncertainty is high on the loAgrm LPG demand trend pending clarification on the roles of city gas,
LPG and &ectricity as cooking fuelAn in-depthreview should be conducted on this issue before
finalizing the longterm LPG plan to cope with the jump in the LPG demand anticipated for the 2030s
and beyond.

In the natural gas and LNG sector, decisions aeadl made on introduction of thaird and fourth
FSRUs and construction of the onshore LNG terminal at Matarbarifoling FSRU is planned for
installation in the western part of the country. Its feasibility study ghosilstarted well in advance of
the expected ostream year to consider the issues on the wholdipgpsystem as stated belamdto
dealwith various constrais including the shallow water depth in the western part of the country.

Besides the import facility, faxstable operation dhe domestic gas pipeline system, construction of
the new pipeline from Matarbari to Dhaka and thetreg and western loops as well as upgrading of the
existing system are particularly important. The study for the networkagfewent should be kickeaff
as soon as possible. Satellite terminals are alssidered to maintain the pressure level of thelpip
network ando ensure the stable gas supply operatioy®mould benadeoperational simultaneously
with startup of these import terminals. Imé with completion of the Matarbari-¢and LNG terminal,
possibility of utilizing virtual pipeline system thi LNG containers as well as developing cryogemiath
business may also be studied.

On introduction of cleanegnergies such as renewable energies, hydrogen, mimrand CCS, a
preliminary Clean Energy Roadmap should be drawn coveltieg stagesfrom R&D through
commercial application: it should be periodicakyiewed because tiie high degree of uncertainties
involved
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Table 6.6-1 Roadmap for critical energy supply infrastructure developments

Energy Facility 2022 2023 2024 2025 20p6 2027 2028 2029 2030 2031 [P032 2033 203 4 2035 2036 3037 2038 20439 204{) 2041) 2042 | 2043 |2044 2045 2046 20| 47 |2048 049 2050

6RODU SDUN\we ILU Construction c1f committed|ahplanhed priects )6 D
the Bangladesh Delta Plan) Potential Survey

On stream

z | }

Offshore wind Potential Survey )6 FID On stream
(first plant) z | }

Constructoin |On stream )6 FID Roopoor #3&#4 On stream )6 FID #5&#6 On stream

Power Nuclear
} z | } | }

devel t
levelopmen “DV Z &&6 )6 FID On stream

(first plant) z | }

Ammonia co-firing (first )6 FID On stream
plant) z | 1

Hydrogen )6 FID On stream
(first plant) z | }

Barapukuria U/G Extension FID [Construction On stream
North | }

Barapukuria U/G Extension FID On stream
6RXWK | }

)6 FID On stream
| }

Coal Barapukuria Open cut

FID On stream

Digipara Underground l }

)6 FID On stream

| }

Karaspir Underground

FID On stream

| }

ERL expansion

)6 FID On stream

Refinery
z | }

2
630 f 7DQN \DU FID #1| On Sm’f‘m' )6 FII|3#2 On stree)lm )6 FIIID#Z On stree)lm
[4 z

Oil }

Dhaka-Chittagon pipeline On St)ream

FID On stream
| }

Import pipeline from India

)6 FID#IMoheshkaIi On stream )6 FID#2 On stream )6 FID#3 On sllream
™1 } | } z il

LPG terminal

)6 FID#3 | On stream )6 FID#4 | On stream )6 FID#5 | On stream )6 FID#6 | On stream )6 FID#7&#8 QOn stream

)658 f X K X X [ |
z | } z | } z | } z 1 } z ™ =T }

)6 FID#3 rep On stream

)658 5HSODFH
z | 1

Onshore terminal )6 FID |Construction |On stream )6 FID On stream

Natural gas/LNG - | } z | }
N )6 FID |Construction |On stream
Domestic pipeline*

| }

)6 FID |Construction |On stream

Feni~Bakhrabad pipeline | }

)6 FID#1~#3 On stream

6DWHOLWH WHUPL | | | )
I I

Domestic pipeline*: Moheshkali~Ashugani; Moheshkali ~Feni; Bheramara~Khulna; and Bakhrabad~Langajband.

Source: [IEPMP Study Team
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6.6.2 Key Issues to Note

To support high economic growth projected to achieve the goals feP2@41energy supply
must be expanded significantly in the coming decades. Major issues and recortiorenda
discussed above are summarized below:

1) Natural Gas

a. Natural gas will continue to be the largest energy source in thesfengrgy mix.
Historically Bargladesh has been dependent on the indigenous natural gas production, but
resources are depleting without remarkable diséeseén recent years. To reverse this
trend, potential resources much talked about must be discoaekdorought into
production. Inthe world, many sophisticated technologies have been developed in the olil
and gas exploration, development and production activities during thevoadetades.
These are expected to greatly change the stagnant status. To mtexdumlogy and fund
for the upstream activities from overseahjch are scarce in Bangladesh, it is necessary
to prepare proper business circumstances.

b. To accommodate the increasing gas demand, LNG import will increase. Pending the
demand trend, additional expansion of LNG import facilities beyond the prdaanill
become necessary toward the late 2030s. Proper plans should be developedameecor
with the expected timeline of LNG development. In order to enhance efficiefieaitde
operation of LNG importwhile improving the longrun economics, upgrading and
expansion of landbased LNG import terminals should be given priority.

c. The present national gas grid is incomplete witisldbone type pressure system and does
not cover the western part of the country. This situation will be improved woapletion
of the new pipeline connecting Matarbari and Dhaldthe western pipeline system with
an FSRU at Payra. For stable operation of theygsem, it is important to create two loop
pipelines connecting to the eastsystem: one in the central part of the country around
Dhaka and the other covering the western region with multiple pguats. In addition,
centralized operation system must be establishdd @dis DispatciCener. The present
gas system is partly obsolete with gas leakagedresudficient monitoring system. It is
necessary to modernize and upgrade the systeraffoand efficient management.

d. City gas supply for the residential and commerodaitars are presently beingstrained,
encouraging thatroduction of LPG. It i;iecessaryo examine pros and cons of city gas,
LPG and electricity athe energy source for cooking and hot water supply and set out a
balanced policy to achieve an efficient and-cavbon energy utilization.
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2) Oil

a. Concurrently with increasing demand for mobility, oil consumption will expand
significantly keeping the second position in the energy supply 8mall-scale expansion
of the Chittagong refinery is scheduled, but most of the demand increasagsa be
supplied bypetroleum product impast A balanced policy should be set out on the roles
of domestic refining and product import byaluating not only the amount of the upfront
investment, but also long-run economics and national energy supply security.

b. As being considered in the Rationalization Plan of petroleum productdutisin to
inland markets, oil product import basénland product pipelines and oil depots should
be developed along the timeline.

c. LPG import is projected to expasdbstantiallyin the 2030©nwardsAs mentioned for
natural gas, it is necessary to set out a balanokcyhow to use city gas, LPG, and
electricity as the energy for cooking and hot water supply in the reisidam commercial
sectors.

3) Coal

a. Coalfired power plants with US®@chnology started operation in Payra in 2020. The
technology is expected to play an important role for stable supply of elgctici
affordable prices and construction of several amlui plants is scheduled. At Payra, coal
import is facing difficulies due to the shallow water depth of the fairway. To solve the
problem, the coal import base being constructed at Matarbari should be equipped with
transshipping facility for river barges. It will k@ easier the lightering operation of ocean
class vesssland smallot transportation by river barges.

b. Bangladesh is endowed with coal resources, but with dense population. Witlsimgrea
demand, domestic coal production will contribute to develop regamualomies, promote
energy security and reduce foreigurrency outflow. Many challenging problems must be
solved before enabling the usiedomestic coal. Feasibility studies and policycdissions
should bemade at ararliestpossible opportunity.

4) Other Energies

a. Bangladesh is not endowed with typicasources of renewable energiestably solar,
wind and geothermaBpatialenergydensity of solar and windoweris low while the
countrys land areais limited. Application of new biomass technologfes biogas and
biofuel faces the same issue in sawy sufficient feedstock such amimalwastes and
agricultural outputs. Ingenious attempts shouldniede to best utilize the limited
resources and lands such as solar plants in codiibo with agriculture, floating solar,
wastebased biogas, etc.
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Under the circumstanceahe country must depend upon industry based clean energy
technologies such as nuclear, ammeérydrogen and CCS. It is important to develop the
way to take in these fageveloping technologiegoncerningnot only production and

import but also transportation, storage, and utilization of them, tanghake timely
investment decisions. To this end, Clean Energy Roadmap should be prepared, though
many concepts and technologies are gtittlearor ambiguoust present, to identify the
pathway and steps toward a lwarbon economy.
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Chapter 7 Priority Projects: Profile and InvestmentAmounts

More than $Z5 billion of investment will be necessary during the next three decades through
2050 to construct the energy infrastructure with a-é@anbon structure. Most of the investment
will occur in the electricity sector where new andovative technologies muse Iproactively
adopted to achieve the country's goal to increlaseomposition of clean energies to 40%

Even in a global viewpoint, these new technologiesstill in an early stage of so@gonomic
application. It is necessary to monitor their development, assess dudtevaost appropriate
method to introductheminto Bangladesh, prepare appropriate market conditions and crdate hig
quality workforce to implement them. Sectoral assemnt of energy investment is developed as
below.

7.1 Power System Development
7.1.1 Power generation

Power system development in Bangladesh will require a significant amoumesitrnent
because of the sustained power demand growtthe coming decades. While thetdlils of the
power system development plans arabetated in Chapter 5 and Appenddx Table 7.11
summarizes the planned power generation capacity developnbatASPP2041 case dhis
Master Plan. By capacity, natural ¢asd power generation occupies the largest shatbeo
required capacity development, followed by hydrogen and wind. Of the total &wi@m
capacities, about 21% of the plan will be instatladngthe period from 2022 to 2030, 34% from
2031 to 2041, and the remaining 45% from 2042 to 2050.

Table 7.1-1 Power Generation Capacity Additions and Required Investment (ATS-PP2041)

Capacity Addition (GW) SHTXLUHG ,QYHVWPHQWW §
2023-2030 P031-2041 2(42-2050 Total 2023-2030 P031-2041 2(42-2050 Total
Gas 13.2 26.5 31.6 71.2 9.7 19.5 23.3 52.6
*DV &&6 0.0 4.3 8.8 13.1 0.0 8.3 15.7 24.0
Coal 7.6 2.3 0.0 10.0 11.3 3.4 0.0 14.7
Oil 0.5 0.8 0.7 2.0 0.3 0.5 0.5 14
Fossil Fuel Total 21.3 33.9 41.1 96.3 21.3 31.8 39.5 92.6
Nuclear 24 2.2 2.2 6.8 7.0 6.6 6.6 20.1
Hydrogen 0.0 16 16 3.2 0.0 13 1.3 2.6
Ammonia 13 13 0.0 2.6 2.1 2.1 0.0 4.3
New Fuel Total 13 29 16 5.8 2.1 3.4 1.3 6.9
39 6RODU SDPN 3.1 0.4 25 6.0 12 0.2 0.7 2.1
39 URRIWRS 1.6 4.0 6.0 11.6 0.9 19 2.3 51
On-shore wind 0.8 0.8 34 5.0 0.8 0.9 3.6 53
Off-shore wind 0.0 6.0 9.0 15.0 0.0 10.8 13.7 24.4
Biomass 0.1 0.1 0.1 0.2 0.2 0.1 0.2 0.5
RE Total 55 11.3 21.0 37.8 3.1 13.8 20.5 374
Total 30.5 50.4 65.9 146.8 33.6 55.6 67.9 157.0

Remarks: Dued rounding, the total may not equal to the simpia &f each period.

Source: IEPMP Study Team
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The required investment amount of the
generation capacity installations is estimated
US$ 157 billion in total (Figure 7.11). The 6 RQ BW Other , 1%
investment for natural gdsed power generation Coal, 9% ‘ ‘

(including those withCCS) is the largest40%)
followed by wind (19%), and nuclear (13%).

Hydrogen/ Ammonia , 4%

Nuclear , Gas, 49%

Required investments for the generati % ‘
1 T . . .d,
capacity development will increase in later perio \Allg';/
of this Master Plan. This is because of tt

accelerated demand growth in later periods ¢ Source: IEPMP Study Team
increased shares of higher cost power genera Figure 7.1-1 Required Investment for
sources such as nucletwydrogen, and offshore Power Generation Capacity
wind (Figure 7.12). Currently Bangladesh has ¢ (ATS-PP2041)

surplus generation capacity and thus additioiicu

investment will not be anrgentissue even though its power demand will keep growing. However,
in the later stage, such surplus capawiill shrink,and investments will need to be accelerated
in accordance with the demand growth. It should also be noted that the requiredénvensll

be subject to the actual demand development in the future.

Note: Gas includes both plants with and without C@Bd includes both onshore wind and offshore wind
Source: IEPMP Study Team
Figure 7.1-2 Required Investment for Power Development Plan (ATS-PP2041)

Annual required investment for the power generation sector is providedaslen7.1-2.
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Table 7.1-2 Annual required investment for the power generation sector (ATS-PP2041)

$2021 million Gas *DV &&6 |Coal Oil Nuclear Hydrogen  (Ammonia 39 6ROQ39 Oh—shore O.ff—shore Biomass
park) (rooftop) wind \wind
2023 2,935 0 2,765 487 0 0 383 200 94 0 12
2024 1,463 0 3,616 0 1,030 0 383 200 94 0 12
2025 1,966 0 0 0 1,030 0 383 200 94 0 12
2026 1,683 0 0 0 0 0 383 200 94 0 12
2027 660 0 635 0 0 0 660 383 200 94 0 12
2028 0 0 0 0 300 0 383 200 94 0 12
2029 1,600 0 0 0 0 0 383 200 94 0 12
2030 2,885 0 622 0 0 0 660 383 200 94 0 12
2031 3,679 598 2,328 0 0 0 40 364 75 545 5
2032 4,474 728 0 ] 0 0 40 364 75 545 5
2033 688 112 0 100 1,116 0 40 364 75 545 5
2034 4,597 747 0 100 1,116 0 40 364 75 545 5
2035 1,135 185 0 100 0 0 660 40 364 75 545 5
2036 3,926 638 0 100 0 0 40 364 75 545 5
2037 1,935 315 0 100 0 0 40 364 75 545 5
2038 3,970 646 0 0 0 0 40 364 75 545 5
2039 1,204 196 0 100 0 0 40 364 75 545 5
2040 0 0 0 100 0 1,600 660 40 364 75 545 5
2041 860 140 0 100 0 0 40 364 75 545 5
2042 0 0 0 100 0 800 278 667 381 1,000 9
2043 2,818 782 0 100 0 0 278 667 381 1,000 9
2044 1,840 510 0 100 1,116 1,600 278 667 381 1,000 9
2045 626 174 0 100 1,116 800 278 667 381 1,000 9
2046 6,889 1,911 0 100 0 0 278 667 381 1,000 9
2047 3,757 1,043 0 0 0 0 278 667 381 1,000 9
2048 6,889 1911 0 100 0 800 278 667 381 1,000 9
2049 3,757 1,043 0 0 0 800 278 667 381 1,000 9
2050 5,010 1,390 0 100 0 0 278 667 381 1,000 9

Source: IEPMP Study Team

In ATS InBetween case, the required power generation cgpdeielopnent isestimated as
in the Table7.1-3, and the annual required investment amount is provided in Tabl. 7.1
Compared to the estimate in AF$2041 scenario, the entire size of capacity expaasidithe
required investment amoum ATS In-Between casare significantly curtailed refleting the
lower electricity demand im-Between case.

Table 7.1-3 Power Generation Capacity Additions and Required Investment
(ATS-In-Between)

Capacity Addition (GW) S5HTXLUHG ,QYHVWPHQWW §
2023-2030 2031-2041 2Q42-2050 Total 2023-2030 2031-2041 2Q42-2050 Total
Gas 8.2 19.5 11.1 38.8 6.0 14.4 8.2 28.6
*DV &&6 0.0 3.2 3.1 6.3 0.0 6.1 55 116
Coal 7.0 3.8 0.0 10.8 10.4 5.5 0.0 15.9
Oil 1.0 1.8 4.7 7.4 0.7 12 3.2 5.1
Fossil Fuel Total 16.2 28.2 18.9 63.2 17.1 27.2 16.9 61.2
Nuclear 21 2.4 0.0 45 6.1 7.1 0.0 13.2
Hydrogen 0.0 1.6 1.6 3.2 0.0 1.3 1.3 2.6
Ammonia 1.3 1.3 0.0 2.6 2.1 2.1 0.0 4.3
New Fuel Total 1.3 2.9 1.6 5.8 2.1 3.4 1.3 6.9
39 6RODU SDUN 3.1 0.4 25 6.0 1.2 0.2 0.7 2.1
39 URRIWRS 16 4.0 6.0 11.6 0.9 19 2.3 5.1
On-shore wind 0.8 0.8 3.4 5.0 0.8 0.9 3.6 5.3
Off-shore wind 0.0 6.0 9.0 15.0 0.0 10.8 13.7 24.4
Biomass 0.1 0.1 0.1 0.2 0.2 0.1 0.2 0.5
RE Total 5.5 11.3 21.0 37.8 3.1 13.8 20.5 374
Total 25.1 44.8 415 1114 28.4 51.5 38.7 118.6

Figures for ammonia show the capacity foificimg at coatfired power plants

Source: IEPMP Study Team
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Table 7.1-4 Annual required investment for the power generation sector (ATS-In-Between)

39 6RO[O39 On-shore Off-shore

$2021 million Gas *DV &&6 |Coal Oil Nuclear Hydrogen Ammonia N . Biomass
park) (rooftop) wind wind
2023 1,286 0 1,541 654 0 0 383 200 94 0 12
2024 1,874 0 2,410 324 1,030 0 383 200 94 0 12
2025 1,636 0 1,808 0 1,030 0 383 200 94 0 12
2026 1,500 0 622 2 0 0 383 200 94 0 12
2027 1,735 0 635 0 0 0 660 383 200 94 0 12
2028 0 0 5 0 0 0 383 200 94 0 12
2029 150 0 0 0 0 0 383 200 94 0 12
2030 0 0 0 0 0 0 660 383 200 94 0 12
2031 0 0 1,200 0 0 0 40 364 75 545 5
2032 1,419 231 1,200 0 0 0 40 364 75 545 5
2033 1,032 168 0 153 1,200 0 40 364 75 545 5
2034 1,935 315 0 150 1,200 0 40 364 75 545 5
2035 2,451 399 150 0 0 0 660 40 364 75 545 5
2036 2,752 448 600 0 0 0 40 364 75 545 5
2037 2,537 413 0 500 0 0 40 364 75 545 5
2038 2,064 336 0 150 0 0 40 364 75 545 5
2039 2,451 399 0 250 0 0 40 364 75 545 5
2040 688 112 600 250 0 1,600 660 40 364 75 545 5
2041 2,150 350 0 350 0 0 40 364 75 545 5
2042 1,605 445 0 350 0 800 278 667 381 1,000 9
2043 1,605 445 0 350 0 0 278 667 381 1,000 9
2044 626 174 0 350 0 1,600 278 667 381 1,000 9
2045 705 195 0 500 0 1,400 278 667 381 1,000 9
2046 1,683 467 0 650 0 600 278 667 381 1,000 9
2047 2,583 717 0 350 0 0 278 667 381 1,000 9
2048 705 195 0 750 0 800 278 667 381 1,000 9
2049 1,252 348 0 750 0 800 278 667 381 1,000 9
2050 352 98 0 600 0 0 278 667 381 1,000 9

Source: IEPMP Study Team
7.1.2 Power transmission

The pwer transmission sector also requires a significant expansion durjpeyibe of IEPMP.
Table7.1-3shows the amount of new major transmission infrastructure to be constructed by 2030.
These facilities includéoth overhead transmission lines with conductors and underground
transmission lines he tableshows thathe total construction cost by 2030 is abd8$2 billion,
which indicates the annual required investment in the transmissiton gEabout US$ .4 billion.

Table 7.1-5 Power Transmission Capacity Additions and Required Investment

Unit price
Sl. No. Component Unit (inlac USH /BDT
taka)
Transmission line km lac taka 0.0094 USH
1 765 kV Double circuit Line km 1,760 350 616,000.0
2 |400 kV Double circuit Line (Quad ACSR Finch) km 980 141 138,180.0(
3 |230 kV Double circuit Line (Twin ACSR Mallerd) | km 410 369.556 151,517.96
4 |132 kV Double circuit Line* (single Grosbeak) km 150 527.5 79,125.00
Sub.total| 984,822.96 925,733,582.4
Substation no.
1 |400 kV Substation AIS no. 55,000 17 935,000.0p
2 230 kV Substation AIS no. 13,000 10 130,000.00
3 132 kV Substation AIS no. 6,500 7 45,500.00
Sub.totall 1,110,500.0! 1,043,870,000.
| Total |1,969,603,582.4

Source: IEPMP Study Teabased on the provided material from PGCB

The precisesstimate of nvestmentamount in the transmission sector from 2030 to 2050
requires detailed transmission system developmplant andis beyond the scope of IEPM&n
approximatemount of required investmethiiring the periods estimateétUS$ 0.6 to 0.8 billion
per yeamiven the previous estimate made in the PSMP2016rendbove estimatgy 2030.
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While this Master Plan assumes that the electricity demand will grow from 2@ by
more than seven times in PP2041 case, the future demand outlook always contains high
uncertainties and thus periodical review of demandlysis andchbove power generation and
transmissionnvestment planssinecessary.

7.2 Primary Energy Supply
7.2.1 Natural Gas and LNG

Natural gas will occupy the largesiare of the total primary energy supply of Bangladesh, and
its supply infrastructure will also require sigodint investments. Infrastructure projects in the
natural gas and LNG sector are categorized intosgments: import facilities and the domesti
supply networks. Projects that are planned fordl&® segments are summarized in Tablel7.2
and Table 7.2, respectively. The largest number of projects is planned for atiialbf floating
regasification and storage unit (FSRU), though they may be hired on leakepmdionshore
receiving terminal (and its expansion) is alsoudeld. Most of these natural gas import facilities
are planned in the Matarbari / Moheskhali area,sewveral FSRUs will also be installed in the
western part of the cmtry. Regarding the domestic natural gas supply network, the major
component will be the construction of four major trunk pipelines. In addition touthie pipeline
projects, development of virtual pipeline is included in the list.

The aim of the requied investment in the natural gas / LNG sector isnased at US$1.0
billion (Table 7.23) (US$3.2 billion for natural gas / LNG import and US$ 0.8 billion for
domestic network development). Required amount of investment byistéargest for FSRU
instdlation followed by onshore terminal construction. In general, FSRUdiegd on lease
without incurring upfront expenditure, while labdsed LNG terminals are constructed with
material investment of fund which are generallyqured through internatiohanstitutional
financing.

Table 7.2-1 Major Natural Gas Import Terminal Projects

Project Location Capacity Onstream Remarks 6WDW X
(mmcfd)
)658 Matarbari 750 2025-2030 Remodel Base
)658 Payra 1,000 2028-2035 Remodel Base
)658 TBN 1,000 2035-2041 Remodel Contingent
)658 TBN 1,000 2041-2045 Remodel Contingent
)658 5HSODFHPHQ \\Watarbari 1,000 2041-2045 Remodel Base
)658 5HSODFHPHQ \Watarbari 1,000 2041-2045 Remodel Base
)658 5HSODFHPHQ \\Watarbari 1,000 2045-2050 Remodel Base
Onshore terminal #1 Matarbari 1,000 2035-2041 New build Base
Total 7,750

*FSRU may be utilized on leased basis
Source: IEPMP Study Team
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Table 7.2-2 Major Domestic Natural Gas Supply Network Projects

Project Type Distance Onstream Remarks
Moheshkali~Ashugani Pipeline 360 km 2025-2030 48 inch
Moheshkali~Feni Pipeline 200 km 2025-2030 56 inch
Bheramara~Khulna Pipeline 160 km 2025-2030 36 inch
Bakhrabad~Langajband Pipeline 50 km 2025-2030 36 inch
Feni Compressor 2025-2030
6DWHOLWH WHUP L Qledival 2025-2030
Feni~Bakhrabad 100 km 2031-2041 56 inch
Ashugani Compressor 2042-2050

Source: IEPMP Study Team

It should be noted that the above estimation of the necessary investment amoumitdoes
include the expenditure for exploration, development and production of domestid gasira
However, natural gas cost analysis is provided in Section 7.4.

Table 7.2-3 Required Investment: Natural Gas and LNG Supply

2022-2030 2031-2041 2042-2050 Total
$ million $ million $ million $ million
)658 344 688 1,376 2,408 60.4%
Onshore terminal 750 750 18.8%
Domestic pipeline 660 94 754 18.9%
Compressor 25 25 50 1.3%
Terminals 25 25 0.6%
Total 1,053 1,532 1,401 3,987 100.0%

Source: IEPMP Study Team

Required investments for natural gas and LNG sestlbrincreaseafter 2030 This is also
because of the same reason as the power systetogleeat: accelerated growth of the natural
gas demand and more investment needs for natusahgert facilities (Figure 7-2). Although
this chapter covers onlghe major infrastructure development, as the demandabdiral gas
expands in nojpower generation sectors such as industry and buildisgjbdition pipeline
network for city gas and community gas will also need to be developed. Thedsiguistment
will be subject to change depending on the actual demand development inutiee ¢ldse
monitoring of the demand and revision of the inmesit plan will be important.
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Source: IEPMP Study Team

Figure 7.2-1 Required Investment: Gas Sector
7.2.2 Refinery and Qil Import Terminals

Petroleum products wi#nlargeits role in the total primary energy supply of Bangladesh. The
expansion of its supply infrastructure will be limited to a certain, amgerthelesdt will also
require huge investments. Infrastructure projecthe petroleum sector are categorized in
four segments: refineries, import facilities, pipelines and oil depotgdesdhat are planned in
this Master Plarfor these segments other than oil depots are summarized in the following
tables, respectively. Expansion of refining capaisitplanné for the existing ERlkefinery
Regarding import facilities, constructiontefo SPMs isthe major component.

Table 7.2-4 Refinery Expansion Projects

Refinery Project Location Capacity Onstream [Investment Remarks
mil.tons/year $ million
ERL #2 Expansion Chittagong 3.0 2028 2,200 New build
ERL #3 Expansion Chittagong 10.0 2031-2041 6,667 New build
Source: IEPMP Study Team
Table 7.2-5 Oil Products Import Terminal Projects
Projects on Product Import Location Capacity Onstream _ [nvestment Remarks
mil.tons/year $ million
630 ,PSRUW 7HUP L|@0&heskhali 9.0 2023 700 Expansion
630 ,PSRUW 7HUPB®O 10.0 2031-2041 700 New build
630 ,PSRUW 7HUPB®O 10.0 2031-2041 700 New build
LPG Import Terminal Moheskhali 1.0 2022-2030 305 New build
LPG #2 Import Terminal TBN 2.0 2031-2041 610 New build
New LPG Import Terminals ~ TBN 5.0 2042-2050 1,525 New build
Total | 4,540

Source: IEPMP Study Team
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Table 7.2-6 Oil Product Pipelines

Project Location Capacity Onstream [Investment Remarks
mil.tons/year $ million
IBFPL (pipeline) 1.0 2023 33 New build
DCPL (pipeline) 2.7 2024 350 New build
JETA (pipeline) 0.9 2024 37 New build

Source: IEPMP Study Team

Required investments for the petroleum sectorlvéllargetin the earlier period of thislaster
Plan This is because oil demand will increase rapidlthis period. As described in FiguBe3-
1, the average growth rate of oil demand is much higher in the period o2280%ompared

with other periods.

Table 7.2-7 Required Investment: Oil Sector

2022-2030 [2031-2041  2042-2050 Total
$ million $ million $ million $ million
630 3URGXFW ,PSRUW 7HUPLE@DO 1,400 2,100 15.2%
LPG Import Terminal 305 610 1,525 2,440 17.6%
Pipeline 420 420 3.0%
Refinery 2,200 6,667 8,867 64.1%
Total 3,625 2,010 8,192 13,827 100%

Source: IEPMP Study Team

In this Master Plan, expansion oétlomestic refining capacity issumed relatively low while
a larger part of demand increase will depend on petroleum product imporveiow view of
the longrun economics and supply security, priority would be given to much larger expahsion o
the refining capacity. If such scermaxvere adopted, investment of more than US$10 billion will

become necessary.

Source: IEPMP Study Team
Figure 7.2-2 Required Investment: Oil Sector

7.2.3 Coal Development and Import

Coal is expected to be used in the industry and power sectorsititamation of domestic
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resources will playan importantrole to satisfythe demand. Imported coal is used for power
generation, however, thidaster Plarexpects that coal consumption for power generation will
decreaseaduring the 2040&nd shiftto ammoniacofiring. Accordingly no expansion of coal
import facilities is assumed except for a coal sedmipment terminal in Matarbari, and
development of domestic coal mineeisvisagednstead of coalmports Asindicatedin Table
6.4-3, thesix-projectdevelopment, including planned and proposed projects by BCM(@L
considered in the period of tii4aster Plan. Required investments for the coabs&dtl increase

in the earlier period in order to meet the demand increase during 2020s and 20388nEted:
investments in the Barapukuria expansion and Digipara are based on thelgShesever, the
required investment will be subject to change ddjmgnon the results of the F/S for other projects.

Table 7.2-8 Development of domestic coal mines

Project Minig Capacity | Onstream* [nvestment Remarks
method
mil.tons/year $ million
Barapukuria** O/C 1.0-6.0 2031-2041 191 |New development
Digipara U/G 0.5-3.0 2031-2041 2,050 New development
Khalashpir** U/G 0.5-2.0 2031-2041 2,050 New development
Phulbari** O/C 1.0-7.0 2042-2050 530 [New development

Note: * Those are possible timing of supply and patibn assumed bfEPMP Study Team
** These coal mines may or may not be developecdeijng on the future domestic coal production §&ee Table 68 of Chapter
6).

Source: IEPMP Study Team

86 PLOOLRQ
5.0
4.29
4.0

3.0

20 4.29 New development

1.0 53

.0
.53
.0 0

2022-2030 2031-2041 2042-2050
Source: IEPMP Study Team

Figure 7.2-3 Required Investment for Domestic Coal Development

7.3 Summary: Energy Investment

As summarized in Table 7B more thar$180billion of investment will be necessary during
the next three decades through 2050 to coastithe necessary energy infrastructurais
estimationdoes not include the investment on the followirgns.

a. Natural gas: upstream activities for exploration, development and production, andscity ga
distribution systemThough a hypothetical investment amount ($2libn) is assumed
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for introduction of FSRUs, upfront investment would not occur in BangtealeESRUS

are generally hired on lease.
Oil: oil transport activities other than product pipeline, and oil depots.
Coal:domesticcoal transport activities.
d. Electricity: transmission and distribution actieti

Table 7.3-1 Required Investment on Energy Infrastructure

2022-2030 [2031-2041 2p42-2050 Total
$ billion $ billion $ billion $ billion

Coal 21 25 0.5 5.0 2.8%

Oil 3.6 2.0 8.2 13.8 7.7%

Natural Gas 11 15 14 4.0 2.2%
Fossil Fuel Total 6.7 6.0 10.1 22.9 12.7%

Fossil Fuel 21.3 235 23.8 68.6 38.2%

Nuclear 7.0 6.6 6.6 20.1 11.2%

5( 6RODU :LQG %UYRPDVV31 13.8 20.5 374 20.8%

Ammonia/Hydrogen 21 34 13 6.9 3.8%

*DV &&6 0.0 8.3 15.7 24.0 13.3%
Power Generation 33.6 55.6 67.9 157.0 87.3%

Total 40.3 61.6 78.0 179.9 100.0%

Source: IEPMP Study Team

As shown in the table, the required amount willr@ase in the later periods agctive
investment will become necessary to promote low carbonizatidwe efrtergy structure. Intensive
investments on cleaner energies will occur mainlhe electricity sector.

An overwhelming amount of investment is requiredhia electricity sectp dominance of the
sector will be even greater if the investment fansmission and distribution system is included.
This means that the loftgrm electricity development plan should be schedlulith utmost care,
and that the primary energy sector development should be well aligned totsaygjmization of
the investment in the electricity sector. On thbeothand, the electricity sector investment
schedules adoption of innovative technologies sischefiring with ammonia and hydrogen as
well as CCS. Among them, a dedicated study is ®acgsto assess the potential of CCS
utilization in Bangladesh. These technologies allersthe preliminary stage of socieconomic
application in the world. For introductioof them a business platform must bestablished
considering theeculiarconditions in this country.

7.4 Cost of Energy Supply

7.4.1 Power supply cost

Supply cost and the composition of generated power is shown below. The supply cost
calculated as the weighted average of unit cost amgipgeneration of each power generation
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source and is shown as an indexed value with the current (2021) figure set at 100.

100% @)
9% 10% 1% 1% Import
p——— Biomass
80% 8% 8% L === Ammonia
8% Hydrogen
60% 7% Solar
= Wind
20% Nuclear
()
Hydro
Gas, LNG
20% s Ol
0% 3040 | @—LCOE
2021 2030 2041 2050

Source: IEPMP Study Team
Figure 7.4-1 Supply Cost and Composition of Generated Power (ATS/PP2041 case)

The powersupply cost will drop to around 8®in 2030 andhen rise, but will remain below
the current level. At preserthe composition of oiffired power plantsvith high fuel cost is high
But in 2030thecomposition of oifired power plants will decrease sharphsteadthat of coat
fired power plantsvith lowerfuel cost will increase. As a result, the supplgtan 2030 will drop
by about 20 points from the current level. Towards 2050, composition efiahpowerwith
lower fuel cost will decrease, while compositiohhydrogenfired power and gaBred power
with CCS, which have high generating costs, will increase. Howeverainbst gadired power
plants that will be newly developed after 2030 willdiehe latest combinedycle designswith
significantly higherthermal efficiency thamhosecurrently in operation. Therefore, even after
2040, supply costs will remain at a slightly lower level than at present.

7.4.2 Natural gas supply cost

Natural gas is the largest energy source both for power angdaveer sectcs in Bangladesh
and thus its supply cost will affect the countrgnomy. Theoretical natural gas supply cost is
also calculated asweighted average of the unit cosre$pectivesupply source and the expected
supply volume. Unit cost of natural gasipply by sourceis provided inTable 74-1. Costof
domestic production and pipeline impare set in referende the material published bfEA32
and the cost for LNG import is estimated by $tedy TeamFor LNG price, global LNG market
is assumed to be rebalanced and stabilized thanks to addition of new LNGpegjemt which
are being constructed and waiting for final investindecisions.

Table 7.4- 1 Unit cost of natural gas supply

32 |Intemational Energy Agency, “Domestic natural gas patidin costs, LNG import prices and industry gasgsi
in developing Asia import markets, 2018, March 2020. (https://www.iea.org/dadad statistics/charts/domestic
naturatgasproductioncostsing-import-pricesandindustrygaspricesin-developingasiaimportmarkets2018
2) Accessed on August 16. 2022. This is an asseggmehe present production and would not necigsar
represent the cost of natural gas to be develap#tkifuture.
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Note LNG importinclude import from own equity.

Source: IEPMP Study Team

Based on the costatain Table 74-1 and forecasted natural gas supply, theoreticstl @b
natural gas supply is calculatent 2030, 2041, and 2050 as shomiTable7.4-2. Four different
patterrs are calculatedpplyingthe two demand scenarios (PP2041 case ahetimeen case)
and the two domestic natural gas production scenarios (Base scenario amgkiggenario).
The highest cost increasdl occur inthe combination of PP2041 and Basedurction scenario
theindexed cost wilincreaseoy 95% from 2019 to 2050. This is becaugehe smaller domestic
production, larger domestic demand, and thus the laig€rimport. The least cost increase case
is the In-between- High risk case wérethe cost will increase by 75% during the same period
because of its larger domestic production, smdikenand, and smaller LNG import.

Table 7.4-2 Estimated supply cost of natural gas in Bangladesh

2019=100 2019 2030 2041 2050

PP2041-Base 100 148 183 195
PP2041-High risk 100 137 162 180
In between - Base 100 145 180 193
In between - High risk 100 135 154 175

Source: IEPMP Study Team
7.4.3 Hydrogen and Ammonia supply cost

As Bangladesh is not endowed with sufficient ndtges and renewable energy resources, it
will be a practical way to import hydrogen and ammonia from overseas. In the 2030$,afnpor
bluehydrogen ad -ammonia generated from fossil fsedombhed withCC(U)Sis considered
in accordance with the suggestiontloé IEA®® that they will bethe most competitivesource of
clean energyaround that time. On the other hand, there are reports that grgdrogen and
ammonia, which are derived from rendleaenergy sources, will become as cheap as tlee blu
hydrogenin the 2040s and will become cheaper than the-lWgieogenin the 2050s. Therefore,
thisMaster Plan assumaéo start introducing green hydrogen and ammonia in 2041 and gradually
expand its use

Table 74-3shows the results of a preliminary estimation of the procurement costsrofjen
and ammonia. The estimatias madebased onthe reliable literature of the IEA, other
government agencies, and private research firms,ase adjusted assumg procurement in

33 The Futureof Hydrogen (2019)
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Bangladesh. See Appendix D for details of the datmns.

Table 7.4-3 Fuel cost of hydrogen and ammonia for power generation

Weighted average of Blue Green
Hydrogen blue and green
US E/kg-H2 US E/kg-H2 US E/kg-H2
2030 2.82 2.82 4.36
2041 2.60 2.50 3.43
2050 2.46 2.25 2.66
. Weighted average of Blue Green
Ammonia blue and green
US E/ton-NH3 US E/ton-NH3 US E/ton-NH3
2030 355 355 632
2041 343 326 492
2050 340 302 378

Source: IEPMP Study Team

7.5 Policy Actions on Investment

To conclude this chapter, three policy actions are propasecklation to the project
developmenin Bangladesh. The first and foremost important policy action iratbaswill be to
secure the required fund and technology. It will be ideal that power companiesaod ajhs
companies can secure necessary fund for theirregjinvestments by themselves, but given the
current fiscal balances of these companies angigméficant size of the required investments,
some forms of the government’s support will be inevitable. In additidvancedechnologies
are generally expensive and owned mainly by international oil industry pldgethis regard,
inviting private ad foreign investors will also be crucial to ensure tiequired investment in
accordance with the demand growth. Multilateral twment banks such as the World Bank and
Asia Development Bank and export credit agencigsatso be ready to support the astructure
development of Bangladesh. Institutional arrangements requineckiativize private and foreign
investors to the Bangladeshi energy sector asasatlose and timely coordination with relevant
development partners will be necessary to ensuaelsss infrastructure development with
sufficient investment fund.

Second, what should be considered in the context of infrastructure developthenteiform
of energy pricing system to enable the power companies and oil and gas companies far inves
the required supply system. As analyzed in theipusvsectionthe supply cost of fossil fuels in
Bangladesh will increase in tloemingdecades, and thus the existing domestic energyngrici
system needs to be reformed to reflect such incrgasstof supply. Since the reform of energy
pricing would cause grave impacts to the domestic economy, such pricingy rgfiould be
pursued with particular carBrasticpricing reform may cause serious damage to theg tifzlof
the Bangladesh citizen, and thus a lkbeign phased reform will be required. Nevertheless,
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marketbased pricing principle needs to be established in therlontp create a resilient energy
system to cope with international energy price movements ane sditne time to curb the blen

on the national treasury. A loagrm roadmap for the pricing reform may be drafted and
discussions with major stakeholders may be initiated to purshersform in a timely manner.
Given the anticipated rise in energy supply costintaining the cuent pricing system would
not be sustainable. Discussions toward the refdremergy pricing should be started as soon as
possible.

Third, in order to introduce relatively costly clean energy ssutog¢he energy mix, the
government of Bangladesh mantrioduce a policy to support investmeintgprojectsto achieve
the target. The government has set a numericattéogclean energy as of 2041 at 40%, and the
power development plan assumed in tiaster Plans in line with this government’s target.
Costlier clean energy such as offshore wind or hydrogen, however, may not ledagatnply
applying market transactions; government’s poliggiiventions will be required to install such
clean energy supply systsras plannedVarious policy initiatives will need to be considered,
including the setting ohumerical power generation mix targgtderegulation to promote
investment, andtreamliningof administrative procedurés facilitate the investments.
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Chapter 8 Environment and Social Considerations

8.1 Methodology and Preliminary Findings

TheProject falls under one of the generally sensitigetars/characteristics or sensitive areas
listed inaccordance withhe "JICAGuidelines for Environmental and Social Considerations"
(promulgated in April 2010%, while the undesirable effects on the environmentcaresidered
asinsignificant in light of the sector, project conte and regional characteristi@herefore, the
project falls under Category B. In developing thigeggrated Electricity and Power Master Plan
(IEPMP) ,principles ofthe Strategic Environmental Assessment (SBAintroduced.

8.1.1 Approach and Methodology

Experience of implementing SEA is yet limitedBangladesh. For this SEA, tHePMP Study
Teamhas worked with Power Division and Energy and Mineral Resources Divisiomeof t
Ministry of Power, Energy and Mineral Resourcesriby the SEA development, a series of
stakeholder consultations as wellfasusgroup discussions were held to deliver the primspl
of SEA and its approach and methodology, and to collect opinions from the particljpeits
Stakeholder Meeting (Inception Meeting) ahe 2" Stakeholder Meeting (Scoping Meeting)
were held in November 2021 aimdJuly 2022, respectively. Highlights of these meetings are
summarized below; for details please refer to Appendix FtHe®® Stakeholder Meting held
in December 2022, please refer to Chapter 8.9.

8.1.2 Findings at the 1% Stakeholder Meeting (Inception) and 2" Stakeholder Meeting
(Scoping Stage)

Inception Meeting 1" Stakeholder Meeting) was held in November 2021 with 247 attendees
including 31 female participant§helEPMP Study Teamresented a SEA development plad an
schedule based dhe progress statusf the IEPMP compilation. Methodological approash
described below was presented along with work plan and schedule.

x ldentification of overall Sustainability Objectiveg€nsures that environmental and social
issues associated with the nature of the Plan are imcated at the earliest stage of
decision making in the process;

x Identification of Targets and Indicators Determines whether the objectives of the
strategic action are achieved,

x  Description of Environmeal Baseline- lllustrates the existing environmental and social
sustainability conditions in the context of the strategic action;

X  Prediction and Evaluation of Impaet®etermines the potential impacts and the strategic

34 According to JICAs Basic Policy on EnvironmentaldaSocial Considerations, environmental and sacipacts
associated with development plans shall be addresstte early stage or at the policy developmengfestéd/hen a
project @rries out a study in the afeneentioned project stage (such as master plan st8thgtegic
Environmental Assessment (SEA) shall be conduacteshsure the environmental sustainability with rdda
implementation of the relevant program.
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management plan including alternvas and identifies opportunities for mitigation; and
X Mitigation of Impacts—- An ongoing process to ensure the strategic actieustainable
and the impacts of the proposed actions are minimized.

At the SEA ScopingMeeting held in July 2022 with 148 pactpants, identification of
environmental and social impacts associated with phoject activities was presented as
summarized below. Potential environmental and social impacts of devglepérgy and power
infrastructure are illustrated in Table 8&1As of December2022, details of each scenario are
drafted and comments from public remain open until its finalization by April 2028 SHA will
be finalized along with thinal IEPMP.

1) Natural gas

All natural gas operations in Bangladesh are gmemd operated by Petrobangla and its
affiliated stateowned companies. Although Bangladesh has gas fields (20 fields as of December
2020), domestic natural gas supply is on a downward trend due to declodglugiion at existing
gas fields and stagnhant désgment of new gas fields. On the other hand, LNG imports are on
the rise, as two offshore LNG receiving terminals are in operation sinceilN@t started in
FY 2018.

In this SEA, with regard to natural gas, it is necessamvauatehe supply sidesuch as gas
field development and LNG procurement (e.g., receiving terminal and pipelséaction), as
well asconsumption side, such as construction of power plants and transneiissidntion
networks. Although natural gdised power plants emit s greenhouse gases than dwatl
power plants and other types of power plants, it is necessary to pdipoatte the environmental
aspects such as air quality, water quality, and etesys, as well as resettlement and accidents
that may occur when securing land for the plants.

2) Coal

In Bangladeshcoalis mainlysuppledfrom the Barapukuria coal mine, the only domestic coal
mine, andthe rest igmported.In 2021 the Bangladeshi government has cancéfieglan to
build 10 coaffired power plantsand is now seeking to promote renewable eneigyaddition,
introduction of cefiring technology with ammonia and hydrogerb&ing considered for coal
fired power plants. In accepting oceaass coal carriers from overseas, it is necessamprove
portfacilities and fairways.

In the SEA, evaluatioms madeto addresghe following points: (1) development of port
facilities, (2) construction of coal-fired power plants, and (3) constnuct power transmission
and distribution networks. Particular attention will bedp@ai the climate change impacts and air
pollution associated with coal-fired power generation.
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3) Ol

Domestic crude oil production is limitedhereasmported crude oil is processed at Eastern
Refinery Limited(ERL), the onlyoil refinery in Bangladesi.o accommodate the increasing oil
demanda two-stage expansion of the ERL is planned together with expansion/construction of
petroleum products import facilities. Construction of product pipelines and mottslare also
planned idine with these developmen®il-fired power generation iglativelyexpensive from
an economic standpoint and is on the decline.

This SEA pay attention to climate change, air and water pollution, ecosystems, land
acquisition and resettlement, accideetc

4)  Wind

There are no wind farms in operation as of November 2021. Suitable sites for wind powe
development are unevenly distributed in coastal areas in terms of windawsdi¥hilepotential
of onshore wind poweis limited, higherpotentialis expectedfor offshore wind power. One of
the challenges ithe construction of a power transmission system from the coastal wind power
generation sites to power consumption centers such as Dhaka.

In the SEA, environmental and social impacts, esflgcon ecosystems, fisheries, and
protected areas, need to be taken into account. Bangladesh is located on atayriigd routes
the East AsiatAustralasian Flyway (EAAF) and the Central Asiayway (CAF), and the
impacts on migratory birds associated with windrigushould be considered. In Bangladesh, as
one of the measures to protect and manage migraidsa fishery, Hlsa sanctuariesre
established. There is also a marine protected desmnated in the Bay of Bengal. From a
livelihood perspective, thenpact on inland and marine fisheries, as wellcasgaulture and other
industries in coastal areas, should be taken iotount. Since cyclones occur in Bangladesh
before and after the monsoon season (Aidly and OctobeNovember), natural disasteskis
should also be considered.

5) Solar

Solar power is positioned asrenewable energy generation technology that theylRdesh
government plasito expand the most. Of the approximately 777 MW of electricity geneogted
renewable energy, about 7@¥mes fom solar power (about 543 MW: 347 MW gffid and 196
MW grid-connected,as of Decerner 2021). Suitable sites for solar power generation are
concentrated in the Chittagong hiltsthe southeastern Bangladesh.

The SEA will be carried outwith particular #ention toland acquisition and associated
resettlement for largscale solar power generatidangladesliinashigh population density and
restrictions on the conversion of agricultural land to solar paak®e creatd barriers to land
acquisition. Since Bangladesh is a riverine coulticated in the great alluvial fan of big rivers
and the average elevation is less than 5 m abavkegel, disaster risks such as flooding should
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be considered.

6) Nuclear

In Bangladeshconstruction of the Rooppur nuclear power plant (2,400 MW to be operational
in 2025), which is located inland, is underway by the Russian®tated company, Rosatom.

Nuclear power generation emitaitggreenhouse gases compared with fossil fuel baseer
generationln the SEA, instead of GHG emissions, evaluation will take into accth@dafety
aspects, especially accidents during nuclear power plant operation, andementgf
radioactive materials such as wastaterials, exhaust gas, wastewatc.

7) Hydrogen

Hydrogen power generation i®eand-newtechnology though it is assumed to be increasingly
utilized.

TheSEAwill consideitheenvironmental and social impacts of hydrogen production, hydrogen
power generation, and transmission and distribution. Hydrogen emits no greerdsassdlging
power generation. However, if Gas emitted during production process of hydrogen used for
power generation (especially in the case of gray hydrogen made fronfdetsil the impact on
climate change shuld be considered. In addition, for green hydrogen made from renewable
energy sources, etc., environmental and social ¢tspat the stage of electricity supply for
electrolysis, such as wind and solar power generation, should also be examinediom, &ttt
a social perspective, hydrogen is an extremelyrfialie and explosive gas. With regard to the
environmental and social risk related to hydroggrict attention must be paid to the safety
management during production, storage, transportationsad

8) Ammonia

In thisMaster Planintroduction of power generation by-ioing and monefiring of ammonia
is considered

For ammonia, it is necessary to consider the impagroduction procesat the same time
such as procurement of hydrogen as a raw material. In addition, while no greerdersarg
emitted during combustioMOx is emitted, so the impact on air pollutishould also be
considered.

9) Others
The following pointavhich are common to all power sources will be taken into consideration.
a. Protected areas/ Ecosystem

In Bangladesh, the Wildlife (Conservation and Security) Act (2@EZnes wildlife
sanctuaries, marine protected areas, etc. The Enviroahtoservation Act defines
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Ecologically Critical Areas (ECAs)The SEA will examineinformation on protected
areas and critical habitats to ensure that nofsgnit negative impacts would occur.

Natural disaster

Bangladesh ia riverine countryprone to floodingcaused bynflows fromthe upstream
catchments and localized heavy rairdathe country is dcated on the route through
which cyclones pasthrough everyyear SEA will consider the risk of disasteris,
consideration of changes in the flood frequency and the magnitude due te clraage,
as well as sea level rise and other effects.

Institutional arrangement related to environmental and social consichesrati

Toward 2050, théorizon of thisViaster Planexistingsystemselating to environmental
and social considerationsvill be reviewed, issues will be sorted out, and
recommendations on institutional aspects that need to be considered will beedompil
particular, it is necessary to review institutiorsatangements for renewable energy
utilization in order to promote wind power generation and other sourcesia®eed in

the energy and power supply scensarin other words, it is necessary to establish zoning
and environmental impact assessment provisions for wind power geneastib a
mechanism to manage the cumulative impacts.

Table 8.1-1 Items to be Taken into Consideration During SEA Scoping

No.

Items to be taken into considerations| Thermal

SEA Natural Ga:

o|o|~]o]a]s]w]n]-

Climate change
Air pollution
Water pollution
Waste
Protected areas
Ecosystem
Land aquistion/ Involuntary resettlement
Accidents
Natural disaster

F%2
F%2
FY2

Fi
Fi
=73

Wind

Solar

Nuclear

Hydrogen

Ammonia

I Coal

Fi
=1

Fi
Fi
F

Fis
Fi
Fi

=1
Fi
=Y

F%

FY2
FY2

Note O (significant impacts are expecjed

subject to locations etc)(minor impacts are expected/ almost no impactegrected)
Source:Prepared byEPMP Study Team

8.2 Project Description and Evaluation of Three Ene

(Alternative Analysis)

To consider the future energy and power supply scenario to cope with global clinrege,cha

(impacts are expected to some exterit), (impacts are largely

rgy Outlook Scenarios

as explained in Chapter 4, three energy scenarios are developed as below corttbofiffidrent
trajectories on relevant factors such as GDP growth and interalagioargy prices.
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1) Scenario Approach on Energy Outlook

In this study, three scenarios arensiderednamely, Reference Scenario (REF), Advanced
Technology Scenario (ATS), and N&gro Scenario (NZS) as shown Table 8.21. Detaikd
scenario analysis jgrovided in Chapter 4.

Table 8.2-1 Scenario Approach on Energy Outlook

Reference Scenario (REF) Advgzecr(]egri'l;ecz_r;glogy Net Zero Scenario (NZS)

The past trends will continue Energy and environmental policies
based on the existing energy and to ensure stable energy supply Greenhouse gas emissions will be
Characteristics environmental policies. and strengthen climate action will net zero in 2050. The transition
Radical changes will not take place be successful to a certain extent. path toward 2050 is estimated by
on energy efficiency and low Introduction of advanced backcasting approach.
carbonization policies. technologies will progress.
Progressively strengthen low- _Sgnlflcant progress in Extr_emely strong energy and
. .4 . international cooperation along environment policies are
Policy carbon policies as observed in the = . : . :
with strengthening domestic necessary to achieve net zero by
past developments. .
policies. 2050.

Assume technologies to reduce

Efficiency improvement follows Technology progress accelerates -
greenhouse gas emissions to net

past trends. cost reduction. 2610 in 2050

Technology Cost reduction like past trends. Strengthening regulations and Timing and almount o Tteal e
Spread of low-carbon technologies guidances accelerates of each technology are assumed
through regulation and policy. dissemination.

by backcasting approach.

Source: IEPMP Study Team

2) Evaluation of Energy Outlook Scenarios (Alternative Analysis)

At present, 91.3% of the power supply comes from thermal powetsgdarning conventional
fossil fuels such as coal, oil and natural,galsile 1.3% is supplied by clean energy, mainly PVs
andthe remaining’.5% comes from impost

REF continues to depend on natural gas, while new technological adwamcgoes on only
moderately following the past trend. On the other hand, ATS assumes a@etkj@ogress in
technology, institution and energy conservation as much as practicallplppasid adoption of
a variety of power and energy sources such as, smiahore and fftshore wind, and other
emerging technologies notably hydrogen, ammonia and CCS. Ratio of renengigig ender
ATS is similar to that of the countries like Thailand and China.

In contrast, NZS takes up strict decarbonizatiorasnees to achieve net zero by 2050,
revealing that this development pathte® ambitious as it requires substantial technology
transformation within the limited timeframe, whialould impact the economactivities in the
country too severely.

Among three energy scenarios, ATS PP2041/AT-8eiveen case is selected as
balanced scenario for the Master Plan as its casgrars shown in Table 82 in the lightof
economic affordability, environméad sustainability, and energy security. ATS with&eve the
NDC conditional target by 2030.
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Table 8.2-2 Comparison of Energy Outlook Scenarios by 2050 (Alternative Analysis)

Criteria REFPP2041 ATZ-PP2041 ATZ-In between NZS-PP2041 Narrative Evaluation Among Three Scena
- REF-8Excellent
Economic Average 1 11 11 13 - ATZ PP204%8Good
Affordability LCOE (2050) ' ' ' - ATZ In betweer8Good
- NZS>8Fair
EEI 76 tons/$million 66 tons/$million 65 tons/$million 47 tons/$million - REP>8Fair
(-3.2%/yr.average) (-3.7%lyr.average) |(-3.7%/yr.average) (-4.7%lyr.average) (Relativelyhigh CO2 emissionsn termsof
DCI 2.48ton-CO2/toe 1.80ton-CO2/toe 1.93tonCO2/toe 0.07ton-CO2/toe climatechange(Relativelyhighimpacton
Powermix of | REF: Fair(6 %Clean| ATZ PP2041:21 %|ATZ In-between: (25 %| NZS: 40 % CleanEnergy| environmentahspectsuchasair pollution
renewable |EnergyandrenewablesClean Energy and|Clean Energy and|and renewablesof the| associateavith theuseof fossilfuels)
energieetc. |of the total primary|renewables of the|renewablesof the total|total primary energy|- ATZ PP204+8Good
energy supply except total primary energy primaryenergysupply | supplyexceptimport (PositionedbetweenREFandNZS)
import) supplyexceptimport - ATZ In-betweer8Good
Solar 760MW 6GW 6GW 16GW (PositionechetweerREFandNZS)
12 GW>&Rooftop>' | 12 GW>&Rooftop>' 12 GW>&Rooftop>' - NZS>8Excellent
Environmental - Iygeeg 5GW (onshore) 5GW (onshore) 5 GW (onshore) (Relativelylow COz emissionsn termsof
Sustainability 15GW (offshore) | 15GW (offshore) 50 GW (offshore) climatechangeRelativelylow impacton
Hydrogen 20% Ammonia ce|20% Ammonia co-|50% Ammonia co-firing ((a)r;]\/tlkr]c;r;rtr;]eer;tha::g’?;rts:ggifs?tliroe]oIIutlon.
and firing from 203D. firing from 2035. from 2030 associateavith solarpowergeneratiorand
Ammonia 20 % hydrogen ce| 20 %hydrogerco-firing | 100% hydrogen from ecologicalimpactsassociateavith wind
firing from 2085 from 2037 2035 powergeneratiorareexpecte to be
- - - . - - relativelylargerthanthoseof the REF. Since
CCs Gasfired with CCS Gasfired with CCS|Gasfired with CCS by the proportionof hydrogenammoniaand
from 2040 from 2040 2036 nucleampowergeneratioris relativelylarge,
Nuclear 2. 4GW 7.2GW 4.8GW 9.6 GW attentionmustbe paidto socialaspectsuch
asaccidentsassociatedvith their operation.)
il (c;fozg)s 1 0.7 0.7 0.6 - REP-8Fair
EnergySuppIy HHI of - ATZ PP204%8Good
Security poWermix 1 05 0.3 0.3 - ATZ In-betweerr8Excellent
(2050) - NZS>8Excellent

Note 1: EEI: Energy efficiency index, DCI: Decarbonizatimdex, PES: Primary Energy Supply, PP2@drspective Plan of Bangladesh 2@A1
Note 2: Licences for keeping under possession dfrbtyen cylinder and Ammonia cylinder must be taflkem Department of Expkives according to Gas Cylinder Rules, 1991.

Source: IEPMP Study Team
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8.3 Current States of the Environment

The IEPMP proposes a comprehensive plan for energy and power infrastetelopment
that includes construction of power and energy facilities, LNG itipomninals, and transmission
anddistribution systems. Selection of the physical locations of subprojesis teebe determined
based on the characteristics of location specific environmental and sop#lts. It should be
taken into account that Bangladesh is locatedéndiv elevéion area prone to natural hazards
such as flooding, cyclongand climate risks.

The SEA study has examined the baseline of the@mwient at national level because the
IEPMP develops trajectory of energy and power supply. This plan propotss/éesibproject
locations for clean energy application, but thestbn of the potential sites requires feasibility
studies as well as specific environmental and sdmijpact assessment to be carried iouthe
future, thugshe SEA will not conduct an indivigial evaluation of the sites. The environmental and
social baseline information is summarized in Annex C of Appendix F, Wwiglestevant laws and
regulations, and international treaties and conventions applidablethe infrastructure
developmenarede<ribed in Annex D of Appendix F.

1) Gap Analysis Between National Laws and JICA Guidelines

In the SEA process, gap analysis was conducteteodifference between National Laws and
JICA Guidelines. It found that the existing legal framework needs irepmex in the areas of
transparency of public disclosure, consideration on vulnerable groups, tocaphealth and
safety conditions and compliance with the national environmental quality stanohene details
are described in Chapter 3 of Appendix F.

8.4 Strategic Environmental Objectives

Bangladesh is recognized worldwide as one of thet manerable countries theimpacts of
global warming and climate change becausdésfinique geographiteature;dominance of
floodplains, low elevation from the sea, high population density, and high |éymserty.

Bangladeshmustconsider a wide range of environmental and sociahotgpassociated with
development of the projected energy and power systEor sustainability of the infrastructure
development, Bategic Environmental Objectives (SEO) are intamtiias shown in Table 814
and referenced aindicative instrument/toghgainst which provisionsf the IEPMPe.g., type
of energy application, geographic location, climatic and habitat conditindshaman health,
etc, require assessment thie environmental and social impacts.
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Table 8.4-1 Strategic Environnemental Objective (SEO)

Environmental

Bangladesh’s Lawg\cts,

Parameter N andRegulations SI=0) e e el

Biodiversity, Fauna| B1 Environmental To ensure compliance with Subproject impacts ahe Maintain conservatiostatus of the

and Flora Conservation Ac Ecologically Critical Areas (ECASs) | conservation areas of habitats| habitats and protect not to be affected

and species. the sub projects of IEPMP.
B2 Biodiversity Act To ensure compliance with Subproject impacts ahe Maintain conservation status of
biodiversity heritage sites and biodiversity related important | endangered species and registered
Ramsar Convention etc. areas. wetlands not to be affected by the sub
projects of IEPMP.
B3 Wildlife (Conservation To comply with the Act, prohibiting | Subproject is located in the Maintain conservation status of the
and Security) Act any capture, and entry to sanctuary, protected areas. protected areas and protection of the
park, conservation area, etc.) without listed species not to be affected by the|
licenses subprojects of IEPMP.
B4 The Protection and To ensure compliance with the Rulg Subproject is located in the Maintain all new development not to
Conservation of Fish no fishing by explosives in inland inland or coastal wats. cause deterioration of the fishery
Rules waters and within coastal waters. resources.

Soil S1 Rulegregulations To avoid damaggto the Subproject requires substantiy Develop guideline and procedws
preventing soil hydrogeological and ecological alternation of topology and prevention of soil contamination to
contaminatiorunder function of the soil resource geologic condition in the area.| minimize deterioration fosoil and
Environmental implement mitigation measwsaot to
Conservation Rules contaminate soil.

(1997)

Water w1 Water Act To comply with water quality Subproject activity requires Protect utilization of water resources in
standards, water rights, and clearanceastewater discharge into thewater stressed areas and control
certificates of the Act rivers, estuaries, armbastal pollution.

waters.
w2 Environmental To comply with Environmental Subproject is subject to Undertake impact assessment and

Conservation Rules

Quality Standards (EQS) for surfacs

water, groundwatesndindustrial
effluents

© categorization of four classes
required for environmental

clearance.

formulate arenvironmental
management plan to monitor the statu

of the environment.
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Environmental

Bangladesh’s Lawsg\cts,

Parameter e andRegulations S0 e s Ul
Air and Climatic AC1 Environmental To comply with Environmental Subproject is subject to Introduce technologies reducing the
Factors Conservation Rules Quality Standards (EQS) for ambientcategorization of four classes | emission of aipollutants and undertake
air, emissions, and noise required for environmental impact assessment and formulate
clearance. environmental management plan to
monitor the status of the environment.
Labor and Land LL1 Labor Rules To protect population and human | The project owner/developer | Record occurrence of incidents, monit
Acquisition health from exposur® health and develops the employment and| and improve human health and safety
safety risks bylevelopment service documentations which| conditions.
ensure labor safety, including
wages, health and safety.
LL2 The Acqusition and To properly acquire land and The project location requires | Follow the national leggrocedure and
Requisition of Immovablg compensate the values based on | land acquisition of develop the project specific land
Property Ordinance locality, soil fertility and market government's property. acquisition, resettlement framework arj
price redress mechanisim line with JICA
Guidelines.
Natural Hazards NH1 No laws/regulations on | To reduce natural hazard risks, Selection of the project locatio| Develop the hazard risk assessment
(e.g., response to climate risk assessment | provided with emergency response| requires climate hazard risk guidance and procedures for the
flood, earthquake, and prevention procedure plan, including preparedness, assessment and foundation of| selection of the energy and power
cyclone) response, and recovery) the energy and powdéacility facility.
meet the construction and
operational standards.
Waste Managemen{ WM1 | Laws/regulations on To properly manage wastes from | The waste management plan | Develop the construction and operatio

waste manageme(olid
Waste Management
Rules, Environmental
Conservation Rulés

construction and operation phases,
including hazardous wastes such a
wastes from power plant, including
wastes from nuclear plants

developed specific to ¢h
5 project location.

procedural manuals for waste
management.

Source: IEPMP Study Team
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8.5 Alternative Considerations and Evaluation for S ubproject

Considering the nature of the Projebe IEPMP outlines the nexthreedecades of the power
and energy plara variety of energy and power development is proposed to meet the projected
demand ofthe sectors such as industry, energy, commercidl agriculture. This section
introduces a compaigé evaluation approach for alternative consideratatrsubproject level,
which may improve overall environmental components of subpra@edtabate conflict of
negative impacts or trade off with appropriate gaition measures.

The alternatives are duated by using the multriteria to determine how they would likely
be affected by the subproject interventions. The rauilteria are based on the indicators of the
SEOs and the alternatives are referenced if theyagrinst the criteria and identifyhich
interactions may cause negative or positive effamis specific environmental and social
components of the environment.

Criteria for determining the environmental and abeffectsare referenced by SEO$he
indicative guidance is classified; &) Likely to improve the status of SE®s(2) Potential
conflict with the status of SEOs likely to be méttgd®, (3) Probable conflict with the status of
SEOs not to be mitigatéd and (4) No significant interaction with the status of SEOs. When a
subppject is proposed, tlecriteriawill be used to evaluate alternatives that meet the SE@s in
more sustainable manner.

8.6 Cumulative Effects

Under the IEPMP, there arngotential site-specific locationsproposedfor clean energy
applications a recommenations butassessment of icombination effects with other plans or
projectswill be done wherany subproject is proposed. In principle, there are many other
plans/projects that interact with or have the pidto combine pressures and threats to tes;si
the incombination assessment is a matter of applying etipeh and realistic approach, which
requires coordination among the government authorities and indudth#sit is conceivable at
subproject level, Table 85 illustrates cumulative eftés by type of energy and power
development.

35 Interactiors would be likely to improve the status of a paitiac SEO and likely to result in a positive effectthe
environmental component

36 Interactions would potentially conflict with theasiis of an SEO and would be likely to be mitigated

37 Interactions tht would probably conflict with the status of anG5&nd would be unlikely to be mitigated.
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Table 8.6-1 Cumulative Effects by Type of Energy and Power Development

Type of Energy

and Power Environnemental Interaction on Cumulative Effects

Generation

Gas Fired Plant X Operational storm and water discharges, air emissiabitat loss, impact on local

water resources in combination with other projéetging similar activities affecting

the natural environment.

Coal Fired Plant | x  Operational storm and process water disghs, air emission, construction habitat

loss, impacts on water resources/wetlands in coamibim with other projects having

similar activities affecting the natural environrhen

(o] X  Operational air emissions of GHG, storm and proeegsr dischargespastruction

habitat loss in combination with other projectsihgwimilar activities affecting the

natural environment.

Nuclear x  Aside from the source of heat, nuclear power plantdike coafired power plants
but require different safety measures.

x  Radiological or other health effects may occuradpydations affected by cumulative
or multiple exposures to environmental hazards.

Hydro x  Changes in hydro morphology in combination withesthrojects with similar scale o
development to the same basieaaffecting habitat quality
Geothermal X  Operational storm and process water dischargespassion, construction habitat los

in combination with other projects having similatigities affecting the natural
environment.

Solar PV x  Reflections from Solar PV could potentially aff¢iee interests of aviation personnel
airport, nearby home owners, road users and ralway
Onshore Wind x  Noise impacts may be associated with constructicgheowind towemhich may result

in disturbance in the environmie

Offshore Wind x  Collision mortality (existing and proposed) in tea
x  Noise interference with feeding areas of marineastfucture (existing and proposed)
in the area

x  Fish access to Bay or Harbor and other migratottepss could be disrupted by
construction of wharf and proposed marine facgiiie the area.

Biomass X  Operational storm and process water dischargespagsion, construction habitat los

in combination with other projects with similar dties affecting the natural

environment.

Source: IEPMP Study Team

8.7 Strategic Environmental and Social Management P lan/Mitigation Measures

A Strategic Environmental and Social Management PEE3/P) is prepared to guide how
site-specific mitigation measures are implemented during construction aratiopghases of a
subproject. It aims to create a linkage betweetintipacts of project activities and the mitigation
measures to minimize negative impacts and enhawsite impactsTable 8.71 only provides
summaryof the highlighted impacts and measuifes more detas, please refer t€hapter 7 of
Appendix F.

The environmental management plan (EMP) at subgtrdgsrel will be formulated when
project and site specific environmental and soitigdact assessments are undertaierany
specific project. This SESMP prescribes and dirdeisitanagement of environmental aspects of
the proposed infrastructure development activiié® specific objectives of h'SESMPare to:

x Provide appropriate management of environmentaleisgesulting from all activities
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associated with implementation of all subprajédentified in the IEPMP;

Provide guidelines to project implementers responsible for pitagebe environment and
minimizing negative environmental effects, thereby contributing to the tolgeaf the
Master Plan.

The various conditions of implementing t8ESMPinclude among others:

X

X

All investorddeveloperswill adhere to the recommendations of this SESMP;

SESMP shall be expanded, modified and correctedemiere is need to customize to
specific project/development conditions; and

SESMP recognizes the laws and regulations attachedvironmental and social aspects
and it will be implemented accordingly and supplemented by international gooidgsact
if not specified inthe existing laws and regulations.
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Table 8.7-1 Highlighted Impacts, Sources and Mitigation Measures by Type of Energy and Power System Development38

Type of Energy and
Power Generation

Environmental Impact

Impact source/activity

Mitigation Measures

(Onshore and Offshore

of wildlife

Coal,Gas, and OiFired | Air emission Exhaust, Venting, Flaring and Fugitive] x  Specify air emission specifications and implementrse gas
Plant Emission reduction measure.
Wastewater/effluent Cooling and heating system x  Discharge water to surface waters within 3 degressi@ of
ambienttemperature at the mixing zone.
Occupational health and safety Confined space x  Requiring work permits for all confined space esgriprovided
with appropriate access controls
Liquefied Natural Gas | Hazardous materials Storage, transfer and transportldG X LNG storage tanks and componesit®uld meet international
standards for structural design
Noise generation Regasification process x  No personnel should be exposed to a noise levelagrésan
85dB(A).
Community health and safety | Natural gas leakduring operation and | x  Prepare an emergency preparedness and respongaatian
transport considers the role of communities
Nuclear Waste Disposal of spent nuclear fuel x  Design regulations on the handling, transportastorage, and
disposal of nucleamaterials.
Occupational health and safety Operation or system failure X Monitor reactor’s environmental radiatiand set ouémergency
response plan and evacuation plan.
Hydroelectric Habitat loss Reservoir filing terrestrial wildlife X Rescue specidn threatened with extinction and create the new
habitat ecologically suitable and protect.
Involuntary Displacement Loss of land due to construction of X Support resettlemer@ndprovide new housing, land and other
reservoir material assistansén accordance with laws.
Geothermal Effluents Drilling fluids and cuttings x  Recovery and storage of dihsed drilling fluids and cuttings in
dedicated storage tanks or sumps
Well blowouts and pipeline Well drilling, injectivity testingcooling | x = Regular maintenance of wellheads and geothernidl fiipelines,
failure system including corrosion control and inspection
Solar PV Habitat loss Land clearance X  Rescue species threatened with extinction and createhabitet
ecologically suitable angrotected
Involuntary Displacement Land clearance X Support resettlemer@ndprovide new housing, land and other
material assistansén accordance with laws.
Waste management Used storage battery and solar panel§ x  Develop a management protocol/procedure to haraflardous
wastes materials derived from battery and solaelgan
Wind Biodiversity Collision related fatality, displacement| x = Onshore/OffshorePlan the constructioractivities to avoid

sensitive times of the year (e.g., migration areeding seasons)

38 This table only represents some examples of impelsish may be significant buloes not cover all aspects of impacts. Please tefehapter 8 of Appendix F fonoredetails.
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Shadow flicker

Wind turbine

Onshore: &oid shadow flicker being experienced or to mawetts
placed on the duration

Occupational health and safety,

Working atheight, over water, and
lifting operation

Develop a safe system of work to mitigate the hagamtiuding
Personal Protective Equipment (PPE).

Biomass

Water quality

Cooling water and auxiliargquipment

Adjust the discharge temperature, flow, use obaeaticycle,
recirculating cooling water system.

Air emission

Combustion of biomass

Installation of particulate controls capable of 098 percent
removal efficiency, such as ESPs or Fabric Filfeegghouses) for
solid fuekired power plants

Ammonia

Occupational health and safety,

Handling, storage, and transport

Manage highly volatile and flammable element tovpre leakage
and explosions as ammonia is explosive in liquithifo
Monitoring equipment should be in place to detggmsof gas
leaks angorompt appropriate action as ammonia forms a tgag
in ambient condition.

Hydrogen

Occupational health and safety,

Handling, storage, and transport

Manage highly volatile and flammable element tovpre leakage
and explosions.

CCs

Air emission

Leakage of C®@from storage and

transport

Monitor gas leaks, regulate the well constructicecffrations and
transport modality.

Note: Licence for storage and transfer of Liquefiatural Gas (LNG) must be taken from Departmeriigflosives according to the provisions of Liquéffeetroleum Gas (LPG) Rules, 2004 and

permission for transport of Liquefied Natural GhSIG) must be taken from Department of Explosivesoading to Natural GaSafety Rules, 1991.

Source: [IEPMP Study Team
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8.8 Monitoring Measures

Monitoring can identify unforeseen adverse effentsasethe proposed measures are not
properly implemented to prepaappropriate remedial actions to minimize or avoid the risks.
Establishment ofsite-specific monitoring strategy is critical to systdiwally monitor the
environmental conditions, based on the nature and extent of the proposed intenantiens
locations. Proposed monitoring parameters are biodiversity, water and ditil, quiaquality,
human health and safety, natural hazards, and waste management (see Chaptemliof Bppe
Central to monitoring the implementation of subpot§ is to ensure that robust system is in place,
and all key mitigation measures are constantlyatguti corrected and repedtto the relevant
authorities. Tabl&.8-Ibelow illustrategshe recommended monitoring measurgequency, and

responsible institution.

Table 8.8-1 Environmental and Social Monitoring Measures, Source of Information,

Frequency and Responsible Institutions

ggcci)e Monitoring Source of Frequency of Monltorlmg Responsible
Measures Information Construction| Operation | |nqfitytion
Phase Phase
B1 Fauna and flora Local studies Annually - Project
species MOEF developer
MOEF
B2 Fauna and flora Local studies Annually - Project
species MOEF developer
MOEF
B3 Fauna and flora Local studies Annually - Project
species MOEF developer
MOEF
B4 Fishery species Local studies Annually - Project
MOEF developer
MOEF
S1 Soil erosion Local studies Quarterly Quarterly | Project
MOEF developer
MOEF
w1l Water quality under | Local studies Quarterly Quarterly | Project
environmental MOEF developer
quality standards MOEF
(EQS)
w2 Water quality under | Local studies Quarterly Quarterly | Project
environmental MOEF developer
quality standards MOEF
(EQS)
AC1 | Air, and noise Local studies Quarterly Quarterly | Project
quality levels MOEF developer
MOEF
PH1 | lliness, incident Record of employee| Quarterly Quarterly | Project
measures, labor health, incident, and developer
working condition safety protocol MOEF
PH2 | Individual Record of Annually Annually | Project
compensation, the | compensation, the developer
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property property, and market MOEF

information, and price
market price
NH1 | Weather condition, | Annual committee | Annually Annually | Project
early warning meeting report on developer
system emergency response MOEF
plan and its exercise
record

WML1 | Quantities, types of | Record of waste Quarterly Quarterly | Project

waste (hazardous, | management developer
chemical, nuclear MOEF
wastes)

MOEF =Ministry of Environment, Forestry and Climate Chang
Note: The details of monitoring measures includieguency shall be adjusted and elaborated in dereion of
each subproject’ characteristics.

Source: IEPMP Study Team

8.9 3" Stakeholder Meeting (Final Consultation Meeting)

The Ministry of PowerEnergy and Mineral Resources d&fPMP Study Tearorganized the
3 Stakeholder meeting on December 13, 2022 to disseminate the draft finel o the
Integrated Energy and Power Master P@#BPMP) A total of over 290 individuals (40
participants viaonline platform) took part in the final consultation meeting, represenmiiag
government officials, academic professionals, civil society, and devehbradners.

The meeting concluded that the Government of BangladestBMP Study Teardelivered
successful development of the Integrated Energy avdeP Master Plan, outlining the next three
decades of the primary energy supply, along with thquirements of transmission and
distribution systems that introduce the applicabbanergy efficiency, agrational reliability and
necessary legal framework enabling to import LN@ sustainable manner.

IEPMP diversifies Bangladesh’s energy mix by introdgrenewable energy sourcggch as
solar PV,onshore and onshore wind power, biomass, rgghpand CCS, of which some
technologies are not fully approved at this pretiem, but it is an investment for Bangladesh to
vision a longterm perspective of energy and power supply.

Strategic environmental objectives associated with the proposedyea@d power
infrastructure development were presented in thetimg ensuring that IEPMP will be
implemented along with environmental and social safeguarding measures,cehiply with
internationally best practiced approaches as introduced in theéeditraEnvironmental
Assessment report.

Upon completion of the session on technical presentai@&A session was provided to

receive comments frorthe floor, where most ofthe commentswere madean relation to the
implementation of the IEPMP in the fueurSomeof thecomments arsummarizedelow:
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Table 8.9-1 Comment s Received and Respanses During the Final Stakeholder Meeting

Comment Response
1 Roadmap of the IEPMP outlines the trajectoryThe target is indicative status to achieve fthe
of energy and power development plg supply increase by the targeted date and |t is
especially introducingenewable energy by 10%also a matter famplementation which will be
in 2030 Current renewable application onlyfacilitated along with investment support by the
accounts for 1% by 2022, 9% increase by 2( development partners.
seems challenging in Bangladesh.
2 Demand in the northern Banglade The Master Plan was developed by assessing
substantially falls in winter season and insteathe need of energy and power supply for
the surplus of energy can be exported to Indig future. The plan is not the end pfoduct,but
3 Cost of utilization of renewables in Bgladesh| any future potential development can
is higher than that of India and thermal enefggcorporated and adopted accordingly.
cost is lower in India. Considering the price

fluctuation, Bangladesh may import it from Indi
4 Construction of solar power station requires al'he Master Plan is not intended to replace|the
lot of land and may potentially impact ¢ existing agriculture land for solar ener
agriculture land. station nor intend to hamper the food secu
in Bangladesh. In next phase of t
development such as feasibility study, 1
requirements of the tal clearance shall sort out
the land is not fertile nor used as farming lan

Mr. Nasrul Hamid MP, State Minister of the MiniswfPower, Energy and Mineral Resources
made the final concluding remarks, expressing his gratituidgdP Study Tearand oncerned
institutions and state companies which supporteddRhoject over the last two years.

Diversification of the energy mix is of important considerations ingiedesh as the country
is one of the most climate vulnerable countries, needing the adaptation to clegiasebg
utilization of carbon emission reduction technoésgils it also critical that these energy
applications are affordable by the customers. Inchaling remarks, he emphasized that the
IEPMP is not a static document but needbeaaeviewed andevisal as new technologies are
constantly evolving over time.

8.10 Conclusions and Recommendations
8.10.1 Conclusions

The broad objectivsof the SEAhave beelintroduced to various stakeholdénghe course of
the SEAimplementation and the principles of the sustaiitgtwf the project implementation are
integrated into the Master Plan to support sound decision making processes

The specific objectives of ¢hSEA for this Master Plan aréo: (i) develop the strategi
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environmental objectives ensuring environmentalagnability measures in the design phase of
the Master Plan (ii) provide a strategic guidance on whshould be considered for
implementation of the energy and power development at subprojectdevgliering impact
identification, cumulative effects arkde environmental management p&specific to nature of
sub-projects, and (Jiiprovide monitoringdf environmental quality.

To ensuremplementation othe proposed SEAt is recommended that MOPEM®RII create
Environmental Wit covering boththe Power Division and Energy and Mineral Resources
Division. It shouldalsowork closely with the Department of Environmeaitthe Ministry of
Environment, Forest and Climate Change (MOEF). Their work will includireng that all
investorsin the energy sectmomply with the SEA's objectives, indicators and targetstfeirt
individual subprojects and ensure implementation of all the recommendesuregan
collaboration with all the relevant line agenciestsrs.

8.10.2 Recommendations

For implementation ahe |[EPMP, it is recommended for the government to develop and adopt
the following policy, governance and EHS management smess to ensurethat project
developers and investors prepare and implememissacyneasures

a. The proposed SESMP should be implemented effegtaebubproject level ensog
that all the recommended mitigation measures apéeimented.

b. TheMPEMR should establish an Environmental Unit to oversee, monitor and coordinate
all the enwonmental and social aspects of the IEPMP.

c. Policy onRenewable Energy should be developedotmulateeconomic instruments
and tools tancentivizeandfacilitate investmenin renewable applications by 2024.

d. Legal framework on clean energy (constrantand operational procedures for nuclear)
should be developed by 2024.

X Rules and regulations on occupational health and safety (e.g., construfgign sa
labor conditions, and management system) should be developed by 2024.

X Rules and regulations on safety of nuclear plant operation, radioactive avabt
wastewater management, operational safety and health guideline should be
developed and adopted.

e. EHS guidelineshould be developed and adopted(i) offshore and (ii) onsherwind
farms, (iii) solar park, (iv)CCS, (v) hydrogen mono firing power generatiand (vi)
electric power transmission and distribution.

f. The redress grievance mechanism guidelines shautteleloped and exercised by all
investors for construction angheration of infrastructure.
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Part 3 Building Prosperous Affluent Society

In line with the world efforts to curb global warmginBangladesh has declared its target to
increase the ratio of clean energy in the power supply mix to 40% in 2041. Thisristeand
task for a country who expects robust increase in energy consumptiengrotess of economic
growth to catch up with higlmcome countries. Part 3 discusses proposals on how Bangladesh
shouldmakeits wish toward creation of a leesarbon societynaterialize

Chapter 9 Institutional Design on Energy Management

In pursuit of high economic growth Bangladesh must achieve double targegsifwantly
expand its energy platform as well as low carboimasimultaneously. This chapter discusses
the present issues and desired actions, and theihastation for energy management. In this
regard, upgrading of the energy data managemetemsysnd legal framework of LNG import
are discussed specifically in 9.2 and 9.3 below.

9.1 Challenges toward Clean Energy Society

Many options are being developed worldwide to pursue low carbonization of a sauiety, a
they are still evolving. In addition to construction of the energy infrasireich a grand scale,
technologies, industry system and markets rbestleveloped. In this action, Bangladesh must
consider appropriate selection of the options in view of the country’s backgrouhdasuc
geography and climate, natural endowment, economic development stage, and ent&onme
vulnerability, as well as economics, business saateenvironmental/social impacts of options.

9.1.1 Mechanisms and measures to realize Clean Energy Society

In pursuit of low carbonization, various mechanisms have been explored and appbedfyo m
the energy market since the early stage of intrimguinnovative technologies such as emission
trade scheme (ETS), carbon tax (CT) and feed in tariff (FIT). Includiegtdiegulations and
subsidies, proper policies must be adopted in consideration of the natural andieconditions
of a country. Features of these options are as follows:

x ETS: theoretically ideal but not easy to maneuver the market purposély.déiling is set
loose, market would not respond. If the ceiling is strict, carbon intensive indu#itlyewi
killed. In addtion, emission trade itself would become an oliyecbf market speculation
leading to market failures.

x FIT: effective to assure stable income over the project period lowdrenghteshold for
participation, but creates later years burden. It might eageuexcess investment in
premature technologies and woutdusemassive dumpingf them when the granted
conditions expire.
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x CT: able to control the load on the energy markekt aoid market failures by speculation.
But it does not necessarily promote proactive actions towardddvonization, for example,
incurring capital escape. On the other hand, CT will support thenaatreasury to create
special purpose budget plans.

X Regulations and Subsidies: a general apprdbahdirectly promotes nationgbolicies.
Providing grants, subsidies and tax break, upfront expenditure may be lowered and/o
economics will be improved. However, capability thfe private sector is an issue.
Regulations and subsidizing programs should be reviewed anulified in accalance with
changes in national and global circumstances.

x National Project: directly creates necessary itfuasure, but would produce rigid and
inefficient businesses. It also requires budgetbtite national treasury.

Fund is necessary to push fongdow carbon options. There are various mechan&ragable
in the world, in addition to general tax, speg@alpose tax and carbon tax, such as international
grant, loans from international development institutions such alsl\Bank, Asian Development
Bank and cooperative agencies of developed countries, project finance, cloudyfuadular
investment by foreign players and sale of emission allowance. Appsoprethods should be
explored among them.

In an effort totackle carbon neutrality, innotrge technologies and mechanisms are being
explored in fronrunning countries. To take them in, education of the society is essential.
Particularly in the building and transport sectors, human capacity devatojem procurement
of proper goods and sereis necessary to promote loarbon initiatives. Public acceptance of
low carbon projects is also indispensable to ma&eta reality. Public awareness, understanding
and support are the important drivers for socialingfe. It is essential for Bangladesh to create a
society where the public will voluntarily move tokdaa lowcarbon society.

The voyage to a low carbon society should be navigated adopting appropriate methods an
options as described above. To introduce technologies and investments telébissil fuels,
proper business circumstances and market design should be prepared to payetdhi@wite
national and international energy companies having sophisticated technokxpesiences
and/or funds. They may also have advanced capabditi@sdustry specific technologies such as
CCS, ammonia and hydrogen. To promote businessembie venewable energies such as PV
and wind, various market mechanisms have been developed to date. There wouléhgkno s
magic answer, but all kinds of methods should be examined to find the fairwesygodl.

9.1.2 Issues and policy actions

In Bangladesis pursuit of an affluent and prosperous clean ensmyety, there are many
issues and challengés be solved To deal with such challengeshis Maste Plan proposes
following policy actions:
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1) Re-confirming the clean energy target as of 2041

The government of Bangladesh has announced to tiaésshare of clean energies in its
electricity generation mixip to 40% by 2041. With this Mast&llan, the government should
reaffirm this crucial goal. By setting and declaring an ekptiemerical target, the government
can send a clear signal of its commitment to dgvaldean energy society to various stakeholders
both in the country and abroad. This will ifaate mobilization of variouginancialand human
resources within the government. Furthermore, making this goalrktmthe global audiences
can also contribute to the fund raising and influx of technology needed to attagathe g

2) Revitalizing energy efficiency and conservation actions

Besides adoption of clean energneryy efficiency and conservation (EE&@Iso EEQ
actions should be another pillar of Bangladesh’s endeavor toward cleay soeigty. Saving
energy consumption simply brings econorbenefits by reducing expenses for energy. It is
equivalent to creation of domestic energy supply. It also contributes tdicedoicthe country’s
dependence on imported fossil fuels. Needlessytdtsabviously benefits the climate by cutting
carbonemissionsin this context, EE&C must be given a top priority in consideration of energy
policy. Recommendations on detail action plans and poldgiebe discusseih Section 9.2.

3) Maximizing benefits of domestic renewable resources

Bangladesh unfortutely is not blessed with abundant renewable energy resewuweh as
solar and windlts land is relatively limited restricting developmerft dbmestic renewable
resources. However, in order to realize a clearggraciety, it is essential to cultivate and aéli
these resources to the maximum extent. There ang palicy arrangements avallle for the
government to undertake.

On the solar power, the donation scheméefgovernmerbwnedland should be expanded
to invite more activévidding for development of solar parks. Innovatedar power generation
options such as solar sharing with agricultural sector to addressthedastraints should be
promoted by the government leadership. Incentive systems targeting indikiolusés and
buildings for development of roe#bp solar installation will also be considered antized
policy actions. On the wind power, a detailed wind condition survey should be condocted f
more accurateunderstanding of the wind power resources and identification of theratvke
locations for largescale wind farmsSurveys on the potential impacts on environment and fishery
resources should also be implemented to facilitate installatiorfsdfooé wind poweunits In
addition, development of innovative biomass utilization such as biogas and biofudts lshou
considered in good collaboration with theiagitural sector.

4) Policy supports to clean energy development

Most of clean energies require additional cost for adoption, and thukffault to introduce
without policy supports. Options for such policy have a wideetsasuch asrenewable portfolio
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standard (RPS) that obliges power generators totadmrtain share of clean energycarbon
pricing system that economically assists replacemighe existing fossil fuels with clean energy,
subsidizing investments in clean energy supply infrastructurea deedin-tariff (FIT) system
that guarantees investors a fixed price for thigiare energy sales. Among thethe mostoft
adopted policy option is FIT system. It has been introduced not only in developedesoumtr
Europe and Japan, but also in developing Asia such as China, Vietham, aaddl hail

Thorough discussion is necessary to findwhich option is most appropriate in the political,
economic, and social contexts in Bangladesh, whiteclear that clean energy gowill not be
achieved without policy supports. Examinasdor policy options need to be initiated as early as
possible.

5) Safe and reliable nuclear power generation

In Bangladesh, nuclear energy will be introduced soon while its share issabderte level
in this Master Plan. Nuclear will be an indispersapower source for Bangladesh toward
realization of a clean energy society as it cablgtsupply large amounts of electricity with zero
carbon emissions. It is therefore essential tobéistaa system to ensure the safe and reliable
operation. It is urgent to train a sufficient number of qualified engirseetskilled operators to
sustain the safe and relialwperation of nuclear power planand nuclear fuel cyclé&Enough
operational trainig need to be done to prepare for any unexpected troubles. In this regard,
international cooperation will be importafdr Bangladesh to take up experiences and best
practices of countries with long experience of nuclear power plant operation.

In the long un, development of the high temperature-gasled reactor (HTGR) technology
should be monitored carefullffhe HTGR aims at significant improvement of the gerierat
efficiency to 50% from 33% for LWR/BWR plants.

6) Adopting novel energy technologies

As disaissed above, highest priority must be given to maximize the introduction of reaewabl
energy sources such as solar and wind. Howeviarnivt possible to achieve the clean energy
goal only with them asuchresources are limited. There are novel energy tdolyies such as
hydrogen power generation,-idng of ammonia at thermal power plant, and carbon capture and
storage (CCS). All of them are yet to be develogpadnsively, but commercialization efforts are
accelerating around the world. These ndgehnologies are proactively considered in thistetas
Plan to make up for the limited renewable energpueces.

Since dedicated infrastructure will be needed to expand thef hyelrogen and ammonia, it
is recommended to draft a dedicated master planfurther examines the details of hydrogen
utilization such as future demand, preferred consumption locations, supjely fimuh the import
location to the demand location, and development of import facilitiese Simimwduction of
ammonia is plannef cofiring at coalfired power plants in a relatively short period @3R),

181



it is necessary to start demonstration test at dienelants at arearliest timing.Potential of
domestic hydrogen productiavill also be explore@n sourcesuch as green hyolgen based on
surplus renewable electricity or pink hydrogen based on nuclear energy. Whegdmydiill be
utilized as cefiring fuel at gas fired power plant, hydrogen carrier other than ammonia, such a
liquid organic hydrogen carrier (LOHC) or liquid hydrogen, may worth consiglesran option.
With regard to CCS, suitable sites for storage sisotiepleted gas fields should be identified, and
their storage potentials and economics should vestigated to facilitate the feasibilityusty.

7) Promoting R&D of low-carbon technologies

Various new technologies must be introduced to realize ecéotbon societyln particular,
technologie®n electricity supplyand utilization are important ése electricity demand will grow
fastest among energy sourcestlas main energy to drive the economic growd@mce those
technologies are digested and further developecdedtically, Bangladesh will be able to enjoy
the full fruits; profits from the sale and even expof domestically developed technologies in
addition to creation of new employment. As Bangladesh is currently dependent on iroports f
many lowcarbon technologies, the country should promote research and development-of home
grown technologies on top of the import to acquire means to realize-@altnonsociety on its
own. In this regard, an international cooperation with development partnersetmpe pilot
project may become a good starting point to foR&D capacities in Bangladesh.

8) Other concerns

Besides the above issues, various policy challenggscome up as Bangladesh adopts more
renewable energy resources. One of such challeniiebe the voltage control in the power
distribution. To manage the issue, technical conditions and standards musgiasegusder the
government’s initiative. Btribution management system (DMS) should alsanistalled to
ensure optimal control of the power supply voltage.

For the development afffshore wind power, a supply base with fabrication facilities and work
ships for installation are essential. Thesgistic facilities should be prepared along the Bay of
Bengal in accordance with the wind power development program.

For thesolar power, disposal or recycling systems for aite@olar panels must be developed.
In general, solar panels become obsadetéarereplaced afteR5 years or so abperation. As
installation of solar power expand in the future, proper patieasureshould be prepared to
deal with the used solar panels.

For construction and operation of these faciliteesubstantial workforce is necessary. Human
capacity development is an important pillar of ititegral energy system.

9.2 Energy Efficiency and Conservation

Promotion of energy efficiency and conservation (EE& S0 EEQ resembles exploration for
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shadow energy sources that would aotompanygarbon emissions. It is beneficial in both ways
for promoting energy security as well as environtaksustainability. In this context, EE&C must

be given the top priority in formulation of the national energy plan.

9.2.1 Actions and policies for EE&C

In view of theobservedstatusof EE&C activities and policies in Bangladesh, acsigiven
belowwould be the key t@ccelerdhg the EEC.

It is necessario setambitiousEEC targetand policies through 2050. In EECMP2016, a target
is set to improve the primary energy consumption per GDP by 20% by 2030. It is important to
further accelerate EEC and, for example, the following reduction pdteataestimatedn ATS.
a) By 2040: to improvédy 38% compared to 2030
b) By 2050: to improvdoy 59% compared to 2030

where, GDP is estimated to grow from 471B$ in 2030 to 1727B$ in 2041 and 25HiB$ w
the primary energy consumption is estimated to increase frolie 2030 to 18.2Mtoe in

2041 and 168.5Mtoe in 2050.

Likewise, EECpotentiat (ATS versus REF) amstimatedfor the PP2041 case on the final
energy consumption basis as shown in the Table 9.2-1.

Table 9.2-1 EEC Sector Reduction Potential by Scenario

Final Energy Consumption EEC Target EEC Ratio
PP2041 Case
2041 2050 2041 | 2050 | 2041 | 2050
Scenario REF ATS REF ATS REF to ATS
Mtoe Mtoe Mtoe Mtoe| Mtoe| Mtoe % %
Industry 37.9 30.6 61.4 47.8 -7.4 | -136| -194| -22.2
Commercial and Residential 33.8 29.5 47.1 38.9 -4.3 -8.2| -12.8| -17.3
Transport 21.0 19.9 31.8 29.0 -1.1 -2.8 -5.3 -8.8
Other 6.7 6.7 9.0 9.0
Total 99.4 86.6 149.3 124.7 | -128| -246| -129| -165

Source: IEPMP $idy Team
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Table 9.2-2 Energy Efficiency Updated Implementation Roadmap

2020 2025 2030
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Actions requiredor each sector to implemeunnder theupdatedEECMP will be as follows:

1) Industry Sector:

a) Expanding thecoverage of Designated Large Energy Consum@®&€s) and

improvingtheir capability,

b) Increasinghe number of Certified Energy Auditors;

c) Technical survey for Certified Energy Auditors imder to collect supplementary
informationfor energy managemeraiternativelycalled a‘benchmarking program” in

stedl and chemicasulsectos;

d) Disseminating Best Availabl&echnologiegBAT)3 continuouslylt is significantfor

39 Japanese Business Alliance for Smart Energy Wodewiblisheti Smart Energyroducts & Technologies

2023

https://www.jasew.eccj.or.jp/technologies/index.html

The Japan Iron and Steel Federation publisfiedhnologies Customized Lifr India and ASEAN
https://www.jisf.or.jp/en/activity/climate/Techna@s/index.html
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e)

improving energy efficieny, for example, to introduce boilers together with
cogeneration systemiigh efficiency generators, furnacess menticmedin the BAT
and other decarbonizing technologies;

Mobilizing concessional financés invest in thehigh-efficiency equipment mentioned
above.

2) Residentiak Commercial Sector:

a)

b)

d)

a)

b)

Expanding DG to commercial sector such as shopping malls, hoteltaurants,
schools and other large facilities

Mandatory S&L program (all equipmentpevelop an implementation plan for each
equipment (clearly indicating the transition plan from voluntary to mangab that
manufacturers can be prepared)

Expansion of S&L program coverage and strengthening of standard leveigtthihe
establishment of a periodic energy efficiency staddreview systemRefer to
neighboring countries and international standards when selecting equipmect subje
energy efficiency standards and establishing stangzues.

Establishing energy performance testing laboratory and strengtheningommgni
system

Periodic update of Bangladesh National Building C@8RBC) andthe nandatory
Building Energy Efficiency & Environment Rating (BEEER)

Accelerate implementation of BEEER amtEB with developng a multifaceted
approach to encourage participation.

3) Transportatiorsector

a)

b)

c)

To establish the S&L prograrm order to promote EEV¢fuel-efficient internal
combustion engine (ICE) vehicles, hybrid vehiclédV), electric vehicles, and
alternative fuel vehicles (CNG, LPG, biodiesel, ethanol, hydrogen, fug|] etd.)

To put “Electric Vehicle Charging Guideline” intagetice in ordeto support energy
efficient electric vehicle penetration.

Tax incentives and subsidies will enable energicieffit vehicles to compete in the
market.

4) AgricultureSector

a)
b)

Introductionof anEE standard & labeling program for irrigation pumps.
Expanding the use of irrigation pumpgh theindependent PV system for cutting grid
peak demand

In addition to the EE&C among the energy userssudsed above, EE&C at energy suppliers
is also important to save the national energy consumption. Main issuegtiandlization plans
are discussed by sector in Chapter 5 and 6. Like¥ds energy users, the general check and
review system should also be applied to the energy suppliers in @igatiicgas, coal and other

sectors as follows:
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a) Expandingthe coveage ofDCsto energy supply sector such as power generatibn,
refinery, mining, LNG import and other large energy suppliers

b) Monitoring and ensurinthe EE progreswith periodical reporting

c) Mandatory energy audits

d) Mandatory maintenance training

It shoud also be noted that energy supplidreidd be the primary actors to promote awareness
on EE&C among their customers and support them to enhance EE&C providing bendfimial. op
To start with, energy suppliers should play the primary role in edtatgigshe energy data
management system as discussed in 9.3.

9.2.2 Platform for implementation of EE&C

Introducing the above programs and measures reqoiegy actions. It is necessary to fine
tune the priority of programs with considerations onmtiagnitude of energy reduction potential,
easng of requiredefforts, economic efficiency, necessiyd the time forcoordination with
related institutions, etc. At the same tinaglequatdT system and experienced staff must be
provided to operate the agg management system properly. To implement the above mentioned
programs, the staff and budgetrovided for EE&Careapparently in short. Bangladesh is yet to
design and introduceumerougprograms. During this buildp stage, a large number of human
resources and sufficient budgeteed to be putiothe operation.

To start with, the prioritized policy action willebthe system development for energy data
collection and analysis by sector and-seltor through regular reporting system. This mitkes
possible to identify prioritized sectors and sadrtors for energy conservation as well as
magnitude of energyequirement These are also essential for developing focusesigyg
conservation systems. Gaining a clear picture efréality of energy use in each sedtoough
reliable data collection system will support thevgmment and industrialfficials to examine
and find an optimal solution to enhance the energy efficiency in the @meéakiiectors.

9.3 Energy Data Management System
9.3.1 Current Status of Energy Statistics

Energy data for Bangladesh is available on the iteb®f oil, gas, coal, and electricity
companies, including sales volumes. Data is updagiadively quickly. In Bangladesh, energy
statistics are handled by the Hydrocarbon Unit (HCU) under EMRD, the ®ald@iand
Renewable Energy Development Authority (SREDA) under the Power DiJiBiD), and the
Bangladesh Bureau of Statistics (BBS) under the Ministry of Planning. ist& fyear of
Bangladesh is from July 1 to June 30it lis labeled‘2020-2021"for example it indicatesthe
fiscal year 2021.

The energy data for Bangladesh published by theeatioee agencies are consistent and well
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managed by the energy companies that provide the data. In other countries, tHargeare
discrepancies among the agencies that publishydeatg, and it is sometimes difficult to know
which data igeliable

1) Hydrocarbon Unit (HCU)

The HCU provides energy information and other information on their website. Atheng
energy information puidhed by the HCU, there are four periodical reports: Annual Report on
Gas Production, Distribution and Consumption, Report on Energy Scenario of Bahglades
Monthly Report on Gas and Coal Reserve & Production, and Annual Report of Hydrothrit.
These eports can be downloaded from thedspective website Petroleum products data is
obtained from the Bangladesh Petroleum Corporation (BPC) and the National BBan¢kolie
(NBR). Gas production data is obtained monthly from the -stateed Bangladesh Releum
Exploration and Production Company Limited (BAPEX), BGPEX, Sylhet Gas Fiehdited
(SGFL) and international oil companies such as Chevron and Tullow. Gas consumiatie da
obtained from gas distribution companies. LNG data is obtained frormRuijpa Prakritik Gas
Company Limited (RPGCL). Coal production data is obtained from Barapukuria Coal Mi
Company Limited (BCMCL).

The data from the energy companies
forwarded through a web system
(Electronic Documentation) called-Nothi
(see Figur®.3-1). These data can be use
by respective government officials wh
have IDs and passwords. The interface
entirely in Bengali.

The HCU has access to the web systt
(Electronic Documentation) and collect:
data from the energy supply companie
Private companies such as Chevron a
Tullow cannot access the web system,
the HCU gets their data via email. The de....
is provided in PDF format with signature. Usingdbelata, the HCU publist®eport on Energy
Scenario of Bangladesh, Annual Report on Gas Production, Distribution and @biosLim
Monthly Report on Gas and Coal Reserve & Production, etc. on their website.

Source: HCU
Figure 9.3-1 Web Page of Electronic
Documentation

Since the data from each company is in PDF forthatHCU is reenteringthe data int@an
Excel file. It may take several days teamterthe data from each company. It is necessary to
improve the work efficiency by eliminatiripere-entrywork.
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2) SREDA

SREDA does not havadepartmentledicated tenergy statistics, but the Energy Efficiency
and Conservation Department publishes the Nati&@margy Balance. The National Energy
Balance began to be publishedA¥ 2016417 andhas been published every year until néw (
20192020) except foFY 2018-19 The National Energy Balance was created for thipgse of
monitoring the improvement of energy efficiency and conservation and coofike following
four parts.

1. Energy Supply and Demand Trend

2. Energy Balance and Intensity

3. Energy Balance Statistics

4. National Energy Security and Emission Reduction

Data are obtained from BBS, HCU, BPC, Petrobangla, EasteineReLimited (ERL),
Rupantarita Prakritik Gas Company Limited (RPGCL), and BPDB.

The energy balandablefor FY 201920 is similar to the IEA engy balance table as shown
in Table9.3-1. However, the energy balance taloleFY 201920 does not include bunker oil and
biomass. Fofuture work, the industry needs to be classifieih isubsectors, in particular, to
recognize movements of energy intges subsectors such as cement, stefdrtilizer,
petrochemicals and paper and pulp.

Table 9.3-1 National Energy Balance Table in FY2019-20

Source: National Energy balance 248 SREDA
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3) BBS

TheBangladesh Bureau of Statisti&BS) under the Ministry of Planning maintains economic
statistics for Bangladesh. BBS covers energy dataedl as economic statistics. The Statistical
Yearbook Bangladesh consists of 15 chapters, of which Chapter 6 is the etogyThe data
sources foenergy are BPDB and Rural Electrification Board (REB) for power SeBREE for
oil sector, NBR for coal sector, and Petrobanglagfs sector. BBS does not have any energy
experts, but two staffs in charge of mining and quarrying and pargecompilingenergy data.
BBS submits energy data to the International Energy Agency (IEA). Onlgrduiction and
import/export of coal, natural gas, and crude oil aremitted as energy data. Presently LPG
import is totallymissingin the IEA statisticgven thouglit is growing fastThe problem is that
if they are doing incorrect statistical processitiggy are not aware of it because they are not
expertswell experienced in energy. In particular, BBS igti@ges the need for training on energy
unitsand other magrs

9.3.2 Energy Data Collection

To grasp thesnergy consumption in Bangladesh by sectors suttoaseholds, commercial,
industrial, transport, and agriculture, sales dateelectricity, gas, and oil companies were
collected. The objectivef this exerise was to assistthe preparation of GHG inventory and
Nationally Determined Contributions (NDCSs).

Table 9.3-2 15 Energy Supply Companies

Power Company
1 |'KDND (OHFWULFLW\ 6XSSO\ &RPSDQ\ '(6&2
2 |Dhaka Power Distribution Company (DPDC)
3 |1RUWKHUQ (OHFWULFLW\ 6XSSO\ &RPSDQ\ 1(6&2
4 |West Zone Power Distribution Company Ltd (WZPDCL)
5 |Bangladesh Rural Electrification Board (BREB)

6 |Bangladesh Power Development Board (BPDB)

Gas Company

Titas Gas Transmission and Distribution Company Ltd (TGTDCL)

Pashchimanchal Gas Company Ltd (PGCL)

Karnaphuli Gas Distribution Company Ltd (KGDCL)
Bakhrabad Gas Distribution Company Ltd (BGDCL)

Jalalabad Gas Transmission and Distribution System Ltd (JGTDSL)

ojlaldr|lw]d |-

Sundarban Gas Company Ltd (SGCL)
Oil Company

1 |Padma Oil Company Limited (POCL)

2 |Jamuna Oil Company Limited (JOCL)
3 |Meghna Petroleum Limited (MPL)

Source: prepared HEPMP StudyTeam
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Total 15 companies (6 powdistributioncompanies, 6 gadistributioncompanies, and 3 oil
distribution companiesslistedin Table9.3-2were requested to subrdita.To request the data,
the IEPMP Study Teanprepared a data template based on the tariff Glzesson of power and
gasdistributioncompanies. The industiisector was categorized into subsectors accotditige
IEA's energy balance table. Initiallyye Study Teanplanned to collect the latest daky(2020-
21), but due to the drop in energy demand caused by CQVYIpandemicthe teandecided to
collectdata for thé=Y 201849, which is not affected by COVHDO. Each energy company was
requested to submit data for each sector and réavfaaverification.

1) Electricity

Table 9.33 shows a summary of the collected data. Among them, Bangladesh Rural
Electrification Board (BREB) is the largest electricity disfition company in charge of rural
electrification, providing 50% of the total electricity demand, followed bydtadesh Reer
Development Board (BPDB) with 17%, Dhaka Power Distribution Company (DRRIC13 %,
Dhaka Electricity Supply Company (DESCOQO) with 8 %, Northern Electriaifgp® Company
(NESCO) with 6 %, and West Zone Power Distribution Company Ltd. (NESC® ¥t Table
9.34 shows electricity consumption by industrial sdztors. Textile and leather accounted for
26% ofthetotal consumption, followed by iron and steel at 23%.

Table 9.3-3 Summary of Collected Data: 2018-19 (Power Sector)

Source: Powebistribution Companies
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Table 9.3-4 Electricity Consumption by Industrial Sub-sectors

Note: Total industry is the summation of Industeatl Construction in Tab&3-2.
Source: PowebistributionCompanies

2) Gas

Table9.35 shows a summary of the collecteatal Titas Gas Transmission and Distribution
Company Ltd (TGTDCL) is the largegasdistribution company, supplying 59% of the total gas
demand, followed by Bakhrabad Gas Distribution Company Ltd (BGDCL) 1@#4, Jalalabad
Gas Transmission and Distribution System Ltd (JGTDSL) with 11%, KarnapasiDistribution
Company Ltd (KGDCL)with 9%, Pashchimanchal Gas Company Ltd (PGCL) with 5%, and
Sundarban Gas Company Ltd (SGCL) with 3%. T&Be6shows gas consumption by industrial
subsectors. Textile antbather accounted for 51% tife total consumption, followed bgon-

metallic minerals at 11%.

Table 9.3-5 Summary of Collected Data: 2018-19 (Gas Sector)

Company TGTDCL| PGCL KGDCIL BGDCL JGTDSL 3GCL Total

Unit MMCM MMCM MMCM MMCM MMCM MMCM MMCM| ktoe %
Metered Domestic 89 4 617 14 15 0 739 708 2.6
Non-metered Domestic 2,895 135 511 - - 3,540 3,396 12.5
Commercial 109 7 37 40 32 0 224 215 0.8
Industrial 3,907 43 461 66 285 7 4,769 4,574 16.8
C.N.G 692 68 149 185 135 - 1,228 1,178 4.3
Captive 4,285 49 453 105 203 4 5,099 4,890 18.0
Grid Connected Power Plant 4,197 973 868 2,473 2,575 965 12,051 11,558 42.6
Fertilizer 394 - 268 - - 662 635 2.3
Condensate 1 - - - - - 1 1 0.0
Total 16,569 1,279 2,584 3,661 3,244 976 28,313| 27,155 100.0
% 59 5 9 13 11 3 100

Source: Ga®istributionCompanies
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Table 9.3-6 Gas Consumption by Industrial Sub-sectors

Source: Ga®istributionCompanies

3) Oil

Table9.3-7shows the summary difie collected data and Tab&3-8 shows oil consumption
by petroleum products in Bangladesh. However, the industry is not classified irgectals. It
is difficult to identify endusersbeyondretail stores. Padma Oil Company Limited (POCL),
Jamuna Oil Company Limited (JOCL), and Meghpetroleum Limited (MPL&are subsidiaries
of Bangladesh Petroleum Corporation (BPC) and #reyresponsible for oil sales.

In Bangladesh, High Speed Diesel (HSD) demand accounts for 71.5% of thel teahand.
Transport sector has the highest demdolthwed by agricultural sector. Gasoline demand is
lower than diesel demand due to the widesprea@dfuS&IG vehicles.
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Table 9.3-7 Summary of Collected Data: 2018-19 (Oil Sector)

Note: SKO: Superior Kerosene Oil, LPG: Liquid P&tton Gas, HOBC: Higlbctane Blending Component, MS:

Motor Spirit, HSD: High Speed Diesel, FO: Furnadk TET A-1: Jet Fuel

Source: Oil Marketing Companies

Table 9.3-8 Oil Consumption by Petroleum Products

Company POCL JOCL MPL Total
Products ton ton ton ton ktoe %
SKO 29,244 47,07) 47,387 123,7P8 130
LPG 4,187 4,608 5,289 14,084 16
HOBC 92,257 71,178 102,830 266,265 335
MS 114,251 98,55D 105,561 318,362 337
HSD 1,347,709 1,331,693 1,803,930 4,483,332 4/618
FO 203,024 174,539 262,107 639,872 614
JET A-1 427,30( 0 0 427,30( 410 6.
Total 2,217,974 1,727,645 2,327,104 6,272,[(23 6461 1

4) Issues and Solutions

Source: Oil Marketing Companies

Table 9.3-9 shows theobservedissues and proposed solutiobssed
consumption survey.
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Table 9.3-9 Issues to be identified and Proposed Solutions

Issues Solutions

It is difficult to identify the industry sector fro| Set the IEAindustry subsector classification code

the company name. for each customer as well as tariff code

Data submission was refused due to no obligg Government sets data submission obligation |
to submit data. deadline under the statistical law.

IEA industryclassification is not known. Distribute the IEA industry classifications.

When data were submitted in a signed PDH, Ask to submit both PDF and Excel files.

should be retyped into Excel for checking.

Need to obtain imported LPG supply data. Requestmporters to provide data as well.

D

Need supply data for neenergy uses such | Requests oitlistributioncompanies to provide datj
lubricants, asphalt, etc. for nonenergy use.

9.3.3 Preparation of Energy Balance Table

Energy supplydatain Bangladesh is already published on the websitenergy companies
and government agencies. Based on the publishedIREA)A prepares an energy balance table
every year. An Excahacro progranto preparghe energy balance table has already been buil
Annual reports and other information are published on the websitegspéctiveenergy
companies and government agencies fl@atober to December. The energy balance sheet is
prepared within about one month after the data is compiled. However, da&acfoindustry
subsector is not puliedand theamount ofenergysupply in the industry sect@s shown as a
total. The energy balance talpgeepaed by SREDAcould be further improved by obtaining the
following data.

x  Obtaindata for each industry subsector from energy supply companies.

x  Obtain bunker oil data faralculation ofprimary energy supply.

X Add dataon captive usén power sectorqurrentlyestimatel based orpublic sector data

(BPDB Annual Report 2019-20, page 59)).
X Add LPG data imported by ipate companies (Energy Scenario of Bangladesh-2019
published by HCU, page 22).

In this study, electricity, gas, and oil distribution companies were asked idgsupply data
on the industrial subsectors in order to identify the demand in indwsthséctors.

The classification method was to categorize custerit@o 12 subsectors according to the
IEA's industrial classificationCompanief which business type is unknown are classified as
“other”. For energy suppliers which havéasgenumber ofcustomersonly customers with large
supply volumes were classified into subsectorslexuistomersvith small supply volumes were
classified asothers. The subsector classification process took about two mdbighssification
would be easieand more accurate if industry subsector calesadded to the cliedists in
advance.
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Unfortunately,in this study the Study Teamwas not able to obtain data gachindustial
subsector from the odistributos. Although supplydataby customer wasbtainedfrom oneof
the three distributer it was not possibléo classify overall demandto 12 industial subsects
due to a lack of data, that amount2@8% of the totatonsumption.

1) Data request for companies
a. Energy suppldataby each industry subsector

Requestd energysupply databy each industry subsectato oil, gas, and electricity
distributors.

b.LPG

Requetad supply volumes by residential, commercial, and arissectorsto LP Gas
Ltd. under BPC and major private LPG compatfies

¢. Bunker oil

Requestd supplyvolumes offuel for oceargoingvesset and internationalhaation; to
BPC.

d. Own use in power plants
Requested gross and net generation dal&Ra
2) Preparation of data request
Before requesting data, the following preparatiese required.
a. Preparation of data template

It is important that a common data template be prepared in advance in Exadeindd

as an Excel file. Generally, Bangladeshi datalsvstted as a signed PDF. Therefore, the
recipient has to renter the data intthe Excelformat This is inefficient. If evidence of
an approved document isquired,submission irboth PDF and Excdbrmat could be
asked for

b. Preparation of instruction manual on IEA Industrial Classification

Distribute the IEA Industry Classification Tablegoergy suppliersuch ail, gas, and
power distributioncompaniesThe existing classification table prepared by tBA Is

quite detailed. It would be easier to understand if unnecessary iteresraneeostep by
stepand a simplified version is preparsgitable forBangladesh.

40 Bashundhara LP Gas Ltd, INDEX LP GAS Limited, Jam&pacetech Joint Venture Limited. Orion Gas Ltd,
LAUGFS Gas Ltd, Omera LPG, Totalgaz Bangladesh, LIME, Navand_ PG Limited, Petromax LPG Ltd, BM
Energy Bangladesh Ltd, Beximco LPG Uit td, etc.
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c. LPG sector classification method

If it is difficult to classifyLPG demandy sectos (residential, commerciptue to too
many distributorssector demand should be classified by cylinder capacity. For example,
it is assumd herethat 10-kg cylindersare for residential use and 3@nd/or 40-kg
cylindersare for commercial use. The final decision is magleLPG suppliers. The
national LPG demand is already published by HCU,LB& demandby sectoris
estimatedising thedata from major private companies.

D. Rules for supplying fuel to plants with owgenerators

Some large plants have own gener@olif the fuel supplier supplies fuel separately to
the owngenerator andthers thefuel for theown generator is classified as Captive.

3) Industrial subsector data verification

The energy demandussey conducted in this study sometimes found thatsummation of
industrial subsectors did not matitie publisheddata. It is necessary to checkriése two match
consistentlyln the process of preparing statistics, dataectithn is repeated every year. It is also
necessary to check whether there are any big cearmgepared to the previous year. If there is
any big change, it is also necessary to ask the energy supply company on the reason.

4) Procedures for preparing Energy Balance Table

Data hanting will be divided into energy sector and power sediwstitution in EMRD is
responsible for the energy sector amstitution inPD is responsible for the power sector. The
energy balance table is compiled as per following procedure:

a. The government requests energy suppliers to submit energy supply data.

b. Energy suppliers add industry codes on their customer lists. Category afubgias will
follow the IEA industry classificatiomules Industries that cannot be classified are

classified as “otherat present. If the number of customers is large, only those customers

with large supply volume shall be classified atspre and the rest shall be classified as
“others”.

c. The deadline for data submission shall be the €éBd&cember. The data shall be submitted
to both institutions in EMRD and PD.

d. Both institutions will verify the data by the end of February.

e. Institution in PDcompleteghe energy balance table by the ehiiay.
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Source: IEPMP Study Team

Figure 9.3-2 Procedures for Preparing Energy Balance Table
9.3.4 Support for GHG Inventory Reporting

Under the UNFCCrovisions Parties, with exception of LDCs and SIDs, areeexgd to
submit a National Communication every two years, which should contagenat i@ventory of
national GHG emissions and removals.

Under the enhanced transparency framework of the Rgreement, each Party shall regularly
provide the information including a national inventory report ohtogenic emissions by
sources and removals by sinks of greenhouse gBseis Agreement, Article 13). All Parties,
except for the least developed country Partiessamall island developing States, shall submit the
information above no less frequently than on a biennial basis, antleheast developed country
Parties and small island developing States may gutins information at their discretion
(Decision 1/CP.21 Adoption of the Paris Agreement). Parties shall sthmitfirst biennial
transparacy report and national inventory report at the latest by 31 December 2024i¢Beci
18/CMA.1 Modalities, procedures and guidelines for the transparencyi@iéor action and
support referred to in Article 13 of the Paris Agreement).

The information provided in the Initial National Communication, which was gtduhin 2002,
was for the year 1994 for the gasesCOH. and NO. The estimates of emissions were made
in the Second National Communication, submitted in 2012, and the Third National
Communicatdn, submitted in 2018, for the years 2005 and 280K respectively. The Fourth
National Communication is planned to be submitted in 2023.

The latest national inventory for the year 2012 in the Third National Comntionicaas
prepared by a consultant NACOM, which won the tender. The preparation afrsahatventory
of GHG emissions and removals in Bangladesh had been made on an ad hoc basis, however, the
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third national communication established a GHG thatse management system and archive that
contairs information for future reference.

For collection of reliable data, a generic templa#s communicated to the respective agencies
through a letter of data request by the Department of Envirorofhitrg Ministry of Environment,
Forest and Climate Chand®OEF). Fuel consumption by each sector was collected from
relevant sources (Tab®3-10). These were then reorganized into thesadiors under the energy
sector.

As there wa, however, no industry specific data available at the utiel, nor the dataon
natural gas consumptiobrekdown on the transport sector, expert judgement was taken to
segregate total energy consumed by the induse@or into different industry subsectors, and to
estimate thelistributionamong road, railways and agricultural-offad vehicles, and different
categories omotorvehicles.

Table 9.310 is the comparison of methodologies and data sources between the national
inventory and the energy data collection in IEPMP. They are alsimogar but the energy data

collecion in IEPMP is improved on the data of standby generators in industry.

Table 9.3-10 Preparation process of a national inventory and the energy collection in

IEPMP
. . . E Dat llection i
Fuel Sector Inventory (Third National Communication nergy I;F?MC; ectionin
TGTDCL, BGDCL,
Natural Gas | Data Sources Petrobangla (distribution companies) JGTDSL, KGDCL, PGCL
and SGCL
Power . .
Captive Power . .
Fertilizer . .
Industry Data is not available by different industry . :
. . Categorizednto subsectors
mix. Expert judgement.
Tea . -
Commercial . .
Domestic . .
CNG for . o . .
. Data is not available by different vehicle| .
Transportation . .
mix. Expert judgement.
. Subtracted by estimating the total quanti
Raw material for .
. of urea produced arahlculating the -
producing urea .
amount of carbon in urea
Liquid Fuels | Data Sources BPC and its subsidiaries POCL, JOCL and MPL
Diesel Transportation . .
Agriculture . .
Standby - .
generators (Not possible to estimate)
Industrial - .
Others - .
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Kerosene | Residential . .

Agriculture . -
Industrial - .
Transport - .
Others - .
Gasoline | Transportation . .
Small electricity - (Not allocated) .
generators
Others - .

Data on domestic aviation and international

Jet Fuel Aviation : .
u viat bunkers was not available. Expert
comments.
Furnace Electricit . . . .
. .y Available in the BPDB system planning and .
(o] generation .
the BPC yearly sales reporting.
Furnaces in

3 3

various industries

3

Navigation Data on fuel usages by international and .
national marine vessels.

3

LPG Residential .
Total sales was allocated.

Commercial - (Not allocated) -

Others - .

Since imported also by the private sector,

collection of data proved to be difficult. Collecting

Solid Fuel Data Sources Petrobangla -

Power generation| Only government owned power generating -
station

Total coal consumption are come from

Brick making standard coal consumption and the number -

of bricks produced, estimated on the
number of kilns on technologies.

SourceThird national communication and the IEPMP Study
In view of the above discussidioJlowing actions should be considered

a. A‘durable’, rather than an ad hoenergy data management system should be established
based on the GHG database management systemasfalativentory and the energy data
collectionsystem proposed itis IEPMP.

b. The Department of Environmerdf MOEF should continue to be a focal point fihe
energy data collection in preparing an inventory, supported by the respectivengentl
agencies.

c. Astanding expert committee and methodologies should be established on thmaltdca
energy and emissions between subsectors, but not baseaddhanexpert judgement or
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comments.
9.3.5 Updated NDC

Energyrelated CQ emissions will increase from ¥MtCOze in 2012 to 169.MtCOze in
2030 in the ATS PP2041 case. For methasmich has received particular attention in recesirg,
only natural gs leakage is considereNatural gadeakage occurs along the supply chain,
especially in the distribution system. As it iswaeed that 0.1% of the natural gas sales volume
leaks out from the system as per default IPCC waloethane emission slightly increases from
0.5 MtCOGe in 2012 to 0.7 MtCe® in 2030 in the ATS PP2041 ca3be total GHG emissions
in 2030 would be 299.MMtCOze as estimated imable9.3-11.

Table 9.3-11 GHG emissions by sector/gas (MtCO2e)

SourceNationally determined contribution and the IEPMBd$t
Review of NDC

In view of the above discussion, next reviewtloé 2030 emission levels of ND&hould
consider the amount discussed above, nar@é8§,0MtCO.e, 21.0MtCO.e or6.6% below the
levels of conditional case in the existing NDC, 319.9 Mi€(Figure9.3-3.

200



350 21.0 MtCO2e
6.6% reduction

3109.
300 990 8013
GHGs other than energy
250
)
& 200 m Other energy
S N
= 150 Methane from the gas
distribution
100

m Energy-related CO2

Energy

) .
0

2012 2030

NDC ATS PP2041 ATS
conditional In-between

Source: National determined contribution and thHeNEP Study.

Figure 9.3-3 Proposed updated NDC

9.4 Legal and Regulatory Framework on LNG Import

Natural gas will continue to be the mainstay of @ladeshs energy supply, as it is today.
Among other things, as investment in LNG imports and naturalggysinfrastructure becomes
increasingly important, it is imperative that ampagpriate LNG legahnd regulatoryramework
be in place to foster healthydastry and investment. This section derives recommendations
through a comparative analysiElaws and regulations of Bangladesh, with referentledse of
the U.S.who has a long history of natural gas productioil LNGterminak.

z Task 1: Analysis of xasting laws and regulations in Bangladesh with regard to LNG
import and subsequent distribution ofgasified LNG.

z Task 2: Propose an action plan toward recommended modifications to applicabledaws a
regulations in Bangladesh in consideration of increased volumes of LNG immubrt a
subsequent distribution of gasified LNG.

z Task 3: Propose an action plan toward enhanceniéega and commercial capabilities
of Bangladesh in negotiating LNG import from international market.

For detail analysis and recwnendations, kindly refer to Appendix H.
9.4.1Task 1

It was recommended in the previous report for JICA that Bangladesh shodify mnergy
laws and regulations modeling after the US laws eegllations, which are formulated and
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enacted througthelong history and experience of natural gas production and distribution in the
US as well as import and export of LNG to and from the US. To encourage isviestoforeign
countries into Banglade'stenergy, gas and LNG sector, it is critical that @ladestbe equipped
with laws and regulations applicable to LNG import and subsequgaisiBied gas distribution
that match or even exceed international standards in all aspectsngdafety, environmental
and operational perspectives. Bangladesh Energyl&eguCommission (BERC) is established
by the Bangladesh Energy Regulatory Commission Act of 2003 while Federal Regyghatory
Commission (FERC) in the US is established by the Department of Energgigatipn Act of
1977. Although both organizatiorig|ave similar names and appear to play similar rates
administering energy regulatory framework of eaxdhthe counties FERC obviously has
profound experiences over d&-year history under ever changing environment of energy and
gas industry in the U8nd global market. BERC certainly would have benefistoglyingthese
FERC's experiences and how FERC took administratiitéatives in resolving complicated
issues at critical moments of energy, gas and powderstry in the US.

9.4.2 Task 2

This Repor is not intended to draft proposed languages to modify applicable laws and
regulations in Bangladesh. Rather it is intendedrdcommend how applicable laws and
regulations may be restructured or modified from a high level point of view and ho® BfaR
enhance its roles as an energy policy regulatorandgkadesh based gmeliminary findings of
existing power, gas and LNG laws and regulations in Bangladesh. At tkisatialysis hasiot
yet beerfully completedon these laws and regulations in companisdgth US laws and FERC
regulations. Accordinglythe concrete action plawill be proposedtoward recommended
modifications to these laws and regulations. Howeatethe very high levett is recommendhat
following issues be considered in enhancing power, gas and LNG regulatory &dkriaew
Bangladesh. Some of these issues may have beadyalddressed undidre current regulatory
framework in Bangladesh, however, due to lack of English translation and organizedtprbl
of laws and regulations in archive accessible hylipwat large, it is difficult to determine the
depth and breadth of existing regulatory framevadrknergy laws and regulations in Bangladesh.
To encourage investment in energy industry by peigctarin particular by foreign investors,
visibility and predictability of legal framework ofnergy laws and regulations is critically
important. As energy industry sees participationpbyate investorsit is anticipat@ thatan
increased number of regutay issues will be presented before BERC as wearsége case of
FERC in the U.S. BERC’s role would become ever more important and its astlatine
functions need to be enhanced. BERC, as an independent agency, is expected toyplalea ke
in overseag overall energy regulatory framework in Bangistile

x BERC organizational issues (Organization, Staffing)

x  Alignment of BERC Regulations in line with underlying applicable laws

x  Clarification of the roles of BERC and EMRD

x BERC's role in reviewing proposed LNG terminals, gas pipelines in auatidh with
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other governmental divisions and agencies

Pipeline safety issues

Training of BERC staff (introduction of FERC practice)
Deregulations- Open Access to Gas Pipelines

9.4.3 Task 3

Geopolitical tensionsas created a significant impact to global natgesd and LNG market.
Many European buyers suspended pipeline gas purchase from Russia and instelad mport
LNG from other counties. Under the circumstancddGLmarket isexperiencing shortage of
supply andnflatedprices, which is expected to continugheforeseeable future. As a relatively
new buyer of LNG, Bangladesh needs to enhancebitdyato negotiate and execute LNG
purchase and salagreements to secure constant supply of LNG at ctitmpeprices. Japan has
been the largest importer of LNG for many decadeésaaitimes experienced similar situations in
the past. Following recommendations by Japanese LNG buyers to Bahgladeld be
beneficial.

X

X X X X

Standardization of contract framework, auction process
Diversification of supply source
Expanckdoperational flexibilities
Collaboration with international LNG buyers to achieve operatibexibilities
Safety issues:
¥ Reliability of Facilities
¥, Stability of Suppy
¥ Flexibility of Operations
Training byskilled LNG buyerson commercialandcontractual issues
Certain form of collaboration witkkilled LNG buyers
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Chapter 10 Way Forward

10.1 Energy >8<ey Element s to Support Development

Bangladeslis pushing forward its economirowth proactivelyunder the Vision 2041 aiming
to achieve a higincome country status by the 70th anniversaijsohdependence. Economy of
Bangladesh is expected to expand more théoidbfrom now. To achieve this mission, energy
demandwill inevitably increase even after utmost effasts energy efficiency and conservation.
The final energy consumption will expa®d75-fold between 2019 and 2050; even in slower
economic growth case, it will expand more thafol@. Among sectors, energyonsumption in
the industrial sector will expand fast as the main driver of the economichgrbwiine with
modernization of life and increasing demand for mobility, energy consumption riesidential
sector and transport sector will also expand greamong energy sources, electric consumption
will expandvigorously followed by petroleum products. Energy intensive industries are relatively
scarce in Bangladesh, and sophisticated-tegh industries will lead the economic growth. Thus,
electricitydominates in the energy consumption of the industrial sector while demandui@d nat
gas may remain relatively slow.

There are two key issues to be considered on the future energy consumption. Oneigjthe e
to drive motor vehicles. This Master Plan aims toiege theEV ratio of 40% in 2050However,
this is a bold assumption and will be greatly affected by the progrede aflobal vehicle
electrification. And, in turn, it will impact the energy demand selection leetvweetroleum
products and eledtity. In view of the great uncertainties on thett@g the global trend must be
monitored closely, and the plan should be-fimeed accordingly.

Another issue is the fuel for cooking and hot watigpply With obsolete city gas system
accompanied by declining gas production in the trgumatural gas sale as city gas is being
curbed under the government policy and replaced by LPG. However, traditional bimtasy
firewood still dominates in the residential and commercial sectq@hgog two-thirdsof the fuel
consumption. In the modernization process of cooking fuel under the present policy, demand for
LPG may increaseobustly though electricity may play some role. LPG must be imported and
mostly distributed using cylinders transported by trucks. This woaiden the traffic congestion
in the metropolitan areas. On the other hand, bieag) LPG market is historically volatile, and
prices fluctuate greatly. In this regard, it is important to estahligudent allocation of roles of
city gas and_PG together with city development plans.

With rising concerns on climate change, the world is coming into the agergy eérasition,
where Bangladesh is not an exception. In accordance with the global trend toward low
carbonizationthe Prime MinisteHasinaannouncecat COP26 in 202 that Bangladesh will
aim to raise the clean energy ratio in the poweeggion mixup to40% by 2041; this includes

41 https://unfccc.int/sites/default/files/resource/BBNADESH_cop26cmpl6cma3d_HLS EN.pdf
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every type of clean energies such as PV, windlearnew biomass fuel, fossiliel burning with
CCS,ammonia, hydrogen and green power import.

In line with this ambitious target, this Master ®Ems to lower the traditional fossil fuel ratio
in the power generation mix to below 60% in 204 Will be further reduced t45% in 20501In
the primary eney supply, norelectricity demand typicalljor motor fuel is growing, and thus
clean energy ratibecomedower. Nevertheless, the overall clean energy ratist go upo
above 20% in 2041 and further increase to 30% by 2050.

Unfortunately, Bangladesh is not rich in popular renewable energies notablwsothiand
geothermal. Therefore, the main part of the clean energy supplypessught from the industry
based technologies such as nuclear, CCS, modemabgand nenarbon fuet like ammonia
and hydrogen as well as import of hydropovssed green electricity from theeighboring
countries.To realizethis, it is necessary to establish practicable patbn how to supply them
covering the whole value chain from production or import, transportation, staliagéution,
and utilization. At any raterobust expansion of energy infrastructure is nergsa the coming
decades.

To this end, Bangladesh miustroduce new types of energies and technologiesy\f them
are still in the very early stagé developmenaind some are even yet to emerge. Nevertheless,
Bangladesh must begin preparation to introduce them well before actual tqplittais now
ne@ssary to start investigation on the global movameand draft a trial action plan such as Clean
Energy Roadmap leading the country to the status ready for adoption of ckrgie® and
technologies.

While aming atbuilding a low carbon energy structuBangladesh must establish a firm and
resilient energy platform on the part where tradisl fossil fuels, such as coal, oil and natural
gas, need to be used. In pursuit of this, domessiources such as coal and natural gas must be
explored and deveped to a maximum extent, as the fundamental energy sdorsestain the
time of energy transition, so as to enhance ensegyrity, stimulate domestic economy and
harness foreign currency outflow. It is needlesssay that utmost care must be paid on
environmental and social impacts of these activjtiesswell as due consideration on eradication
of poverty and improvement of humaealth conditions. On these attempts, key issues to note
are as follows whiléhe roadmap for action plan is discussed in Se@i6n

Natural gasit is of foremostimportarce to introducelatesttechnologies to enhance
exploration, development, and production of indigenous natural gas resourcess. To th
end, favorable business conditieshould be prepared to invite most adeed high
technologies to revitalize the declining production and to challenge exploration of
unconventional resources and deepwater potentials. At the same time, LPd@& im
facilities and the national gas pipeline network, in particular the new pipgmimeeen
Matarbari and Dhaka, should be developetime to import and distribute natural gas
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efficiently.

Coal Feasibility studies should be implemented on candidate coal mine projects and
appropriate decision should be made taking account of the impacts on regamainy,
society, and environment. At the same time, possibility of CCS must be soughteo mak
coalas a practicable option.

Qil: oil import and processing facilities must be exgied to accommodate the increasing
demand. It is important to consider an appropriate balaetveeerrefinery construction
and product import ithe lightof economics and engy security. Likewise with natural
gas, an efficient distribution system of petroleum products must be skeabfurther
developing the ongoing rationalization plan.

Nuclear nuclear is an energy source to be developed wiithost care on safety and
security. It is supposed to supply a part of the base load itgitmassive generation
capacity. The reactdype for the future stage development should be carefully
investigated while various technologies are being developed in the wohé.lbmg run,
attention should also be paid to development of the high temperatwrealed reactor
(HTGR) technology in view of the significant impewent in generation efficiency;
HTGR aims to achieva50% generation efficiency compared with 33%lfght-water
reactorplants.

Renewablestechnology and economic viability are in principle established on solar PV
and wind turbine. With limited land and resource base, Bangladesh needsntoaimve
effective methocbn how to roll out practicable projects. In additiaevelopment of
biomasshased projects to utilize wastes, agricultural potsl, algae, etc. for production

of biogas and biofuel should be promoted with due consideration on land use.

CCS, Ammonia and Hydrogeexperimental projects are starting worldwhilé studies

on their technology and economic viability are still in a preliminary sfHgese options

are considered to play important roles in the challenge of Bangladestveofar low
carbonization. A task force team may beganizedto closely inestigate the world
progress in these technologies and their applications. Sudmesmay also include
exploring for possibilities of ammonia and/or hydrogen production in Bangladesh
combined with utilization of renewable energy soares well as surplusower from
nuclear and other clean power plants. CCS is another important optiatigatenCQ
emissions from fossil fuel use.

Fuel Cell, Battery, other new fuelgossibilities of introducing innovative technologies
on new fuels and energy storagygstem should be promoted in order to support low
carbonization.

Among others, development of the power supply systerof iforemost importace, as
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electricity will be the most desirednd required energy to empower the high economic
development. Upgrading, modernization and new construction of power statgmsnission
network and distribution system should be implemented steadily according to dineapoas
explained in Chapter 6.

10.2 Aiming at Net -Zero Carbon Emissions

While establishing the energy infrastructure aspila¢form to become a higlhcome country
by 2041, Bangladesh aims to become a “Decarbonizegiaay” country by 2050 preparing for
eventual achievement of carbon neutralit§ter 2050 will be the time for accelerated energy
transition toward decarbonization with enhanced effortransformation of energy consumption
structure, promotion of clean energies, addancement of institutisrand instrumentsBy that
time, the world will have reached more matured estigutilize clearenergy technologies and
systems.

a. Transformation of energy consumption structure:

Toward carbon neutrality beyond 2050, energy and resource use efficiencybenust
maximized. Besides promoting energy efficient tedtbgies as explained in Chapter 9,
rationalization of energy prices and changing social behakiough education are essential.
Incentives for energy conservation would not work if energy prices were kegpttifigially.
Appropriate purchase behavior would not be achieved if citizens were indifietbptrieed
of energy conservation.

In addition, since electricity is an easier enecgyrier to utilize clean energies, it is
essential to electrify the energy use as much astipable. Buildings and vehicles are the
areas where electrificatias relatively easythen, electrification should be promoted in step
with low carbonization ofhe electricity supplied. On the other hand, some industrial sectors
are difficult to convert its energy use to eledtyicin these areas, low carbonizatioroah
be addressed through sector-specific technology development.

Particular attention shall be paid on buildings, transport, and industristinfcture that
have long lifespan and henaee apt taggenerate a lock effect that fixeghe future carbon
emissions in energy use. Replacement of thesesstattkequire several decades. Therefore,
longterm subsector roadmaps should be established keeping this in mind, in which future
investments should be shifted toward carbentralization stepwise ands much as
practicable.

b. Promotion and popularization of clean energies:

To enhance low carbonization toward neutrality, every possibility should be pusued f
lower cost, better efficiency and conservation, and stable operation irofdegsbduction,
transport, distribution, and utilization of clean energies. This shioaldde all possible
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measures such as solar and wind power, hydrogen and ammonia, biogas and biofuel by new
biomass, algae and wast€CS, nuclear, hydro, and any other new energidsv@easures

to emerge. Currently, Bangladesh is dependent on imports for the supply oEctzgy
technologies. However, from the perspective of strengthening indusirigletitiveness,
Bangladesh should take on the challenge of themedticproduction through technology
transfer, human resource development, and independent research and development.

Solar
photo voltaic

Increased conversion efficiency is being studieglwNypes of solar
power, such as Perovskite, are also being studigtidarpotential to be
produced at lower cost. In terms of installation location, a floating type
is being considered, but an evaluation of the impact on water bodies is
needed.

Wind power

The cost of wind turbines is being reduced by increasing theisiarit
In offshore wind power, development of floating wind turbines is
progressing. Construction requires unique technology and facilities.

Hydrogen
and its
derivatives

Various production methods are available, not only “Blue” derived from
fossil fuels ad “Green” derived from renewable energy sourcesalso
using waste heat from nuclear power generation, etc., and their
commercialization is being pursued. Starting from hydrogen,
possibilities are being explored on ammonia combined with nitrogen,
synttetic methane, and synthetic fuel combined with carbon. They have
higher energy density per space [J/m2] comparedlar and wind

power.

CCS

The technology is already established and therseareral examples of
commercial use in enhanced oil recovdfPR). There are also
examples of applications in power plants and chahplants.
Bangladesh is reportedly endowed with significant potential for CCS,
which should be confirmed through proper technical study.

Biomass

While widely distributed and available, most of them are not readily
suitable as feedstock for largeale use because of thigh collection
cost. Therefore, smadicale local use is common except for bagasse. It
also requires large land for production. First generation biomass that
competeswith food is not desirable.
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c. Advanced institutions and instruments:

Appropriate institutions may change as the energy stgmatyand structure changes.
Today, developed countries leading the way in decarbonization are experin@nériety
of new institutions and instruments. Bangladesh may refer to them, and shoutibdeeb|
implement institutions and instruments suitable for their own context. Suithtioss and
instruments include market design with effectiverpotion measures including efficient tax
system, subsidy, and funding as well asuse of land and watepaces in harmonious
collaboration with agriculture, fishery, and otlsectors.

Technologies and institutions will change greatly through the quesketan energy including
those yet to emerge. Therefore, Clean Energy Roadmap should be draftedaed fipdh time
to time to reflect the latest development in theldidSuch efforts will hopefully accelerate the
decarbonization.

10.3 Toward Prosperous Developed Country

This Master Plan attempts to illustrate the pathfeaglevelopment of the energycsar in the
coming three decades through 2050. It assumes proactive adoption cddtigbldgies toward
low carbonization of the energy structure and utmost efforts on the eaffigigncy and
conservation. Nevertheless, energy demand will mpgreatlyduring the project period. In
addition to the volumavise expansion, construction of the energy infrastructure must consider
optimum configuration of the energy transmission system in view of thebdisdr of demands
and energy input points such as oripports, power stations, refineries, and indigenous
production fields. Of course, these constructions must be coherent withahatevelopment
plans for land, community, transport, and other infrastructure whileimgsound environment
conditions.

For implementation of the plan, it is necessary tbitize the fund in a grand scale as well as
most advanced technologies, and eube technologies yet to emerge, to achieve low
carbonization of the energy structure. And, most importahtiynan capacitydevelopment
should be programmed to bring up wide range of experts and professionaisihimplement
the plan at the front of actual field=or implementation of this plan, appropriate ingiios and
systems should be established with necessary steugtiorm as follows

1) Clearly define the roles of the public and privagetors to implement the Master Plan
including nomination of organizations in charge of individual assignngrgector. Their
mandates and budgets should also be prepared in due course.

2) Prepare proper market design with clear rules and regulations, camgittexiprincipal
players to be engaged in businesses of energy production, imporggimgceransmission
and distribution.

% Venders of energy equipment and applianceslaceimportant for effective
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implementation of energy efficiency and conservatieasures such as standard
and labeling.

% Laws and regulations should be aligned in accordance with internatiootitg@sa
S0 as to invite national and international playeractive participants.

¥ It is also important to createg“‘one-stop office” on project implementation to
simplify legal procedures and assure coherent policy apiplica

3) Clearly define the roles of the public and the private sectors on procurement oighnd,
of way and, most importantly, fund for energy projects. Prepare approprigierthugp
systems such as tax break, subsidy, fund raising, connection to ticteahaooperation
and any other means. These are partiularportant to make it possibto introduce sub
commercial, cumbersome and/or hudean energy projects as well as to enhd&®&®
on new and innovative technologies.

4) Prepare training programs and education opportunities to bring up experts and
professionals not only in the technical field but also on the administration andenaerdg
of energy plans, projects and business operations.

5) Prepare a comprehensive energy statistics managesystetm to cover all the relevant
sector coherently. Accurate and reliable recorthésfundamentaplatform to consider
proper energy planning and budget.

6) Draft Clean Energy Roadmap, though many elements are stik\aagl uncertain, to pave
the way how to introduce clean energies including R&D, pilot projects and caiamer
application. This will behe first step to make Bangladesh ready for lovba@aization.

Future is always uncertain and unpredictable. Howekiere are also some unalterable factors
to be observed as below which are persistent evencifanges in global circumstances that may
occur in the future.

1) Ensure diversenergy mix to enhance resiliencetlogé energy systerrin Europe, energy
priceshavesoared after mi@021 partly due to weathdriven slump inncreasing wind
power generatiorilhen since2022, Europés struggling tosecure stable electricignd
gassupply due to overdependence on certain energy sources and import partners. Our
energy system is always exposed to a variety aflshoccurring elsewhere in the world.
Diversifying the energy mix can make the systeriiigrg against them.

2) Prepare appropriate business playground @astl reflective energy tariff to secure fund
for investment Significant investment will be required to meée growingenergy
demandwith a mission taachieve a lowcarbon societyTheoreti@lly, the beneficiaries,
i.e., consumers, should bear the cost of necegsagtments made by energy and utility
companies, while, without proper investment, consumers simply cannot digtaingply.
Reform of business circumstance and energy tgsfém should be considered in a timely
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manner to keep proper balance between investors and the finalfloésges.

At present, the world is experiencing a seriouseaphl in the energy market first caused by
the COVID-19 pandemic and thageopolitical teisions This Master Plan assumes that impact of
these events will be fugitive and be mitigated in the long run. On the other handhliak g
movement toward carbon neuttglhas put significant pressure on the upstream investment.
Fossil fuels are stithe backbone of the world energy supply but would become insufficient once
the world economy comes out of the staghancy caused by the GCT®Viandemic and
geopolitical tensionsNew energy sources widely talked and expectedyerdo become the
reliable main player.

This Master Plan presents an energy scenario lmaséte conditions considered as plausible
at present. But anything may change directionsmaagnitudes at any time triggered by various
future events. It is always a hard task to foreakeduture movement opolitical and economic
environment, energy priceand trends in new technologidsis necessary toarefully monitor
their movement in the world and fitene the Master Plan from time to time.

I
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