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Minister
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Gowt, of the People's Republic of Bangladesh

l'am hapgy to know that, Coastal Developmeant Partnership (COP) In partnermhilp with Usiversity of Technology
Sydney (UTS), Bread for the World -Germany (BFTW) and World Future Council (WFC) has prepared tha study
report “100% Renswihle Energy for Bangladesh”.

Access to energy i the perguisite for development and for a lite in dignity: it is essential to overall human
progress, social welfare, technologleal and soclal nnovattons and hurman rlghts. The United Nations Decade of
Sustainable Energy for All [2014-2024) emphasises this necessity, The SDGs (Sustamable Development Goals)
carmat be ochlaved by 2030 without a rapld progress on SDGET — Ensure access to affordable, relable,
sustainable and modern energy for all,

Im 2016, fifty of the most vulnerable develoging countries belonging to the Climate Vulnerabie Forum [CVF)
has declared to become 100 percent reliant on renewable energy by 2050, Bangladesk, as a prominent CVF
mamber, played an Important role in this declaration and Honorable Prime Minister Sheikh Hasina led the
Bangladesh delegation in the mesting. The CVF declaration to go 16 100 percant renowable by 2050 was
without precondition and was meant to demonstrate global leadership and to challenge other countries to
fallow their lead,

In this regard | believe that this study opens up the discussion to go for 100 Aenewabls Emergy for
Banglodesh and uphold the lesdership that was shewn in the CVF by Bangladesh,

Finally, | would fike to thank UTS, WFC, COP and BFTW for their efforts In preparing the report which | am sure
will be Beneficlal for all the stakeholders.
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FOREWORD

The study “100% Renewable energy for Bangladesh: Access to renewable energy for all within one
generation”, undertaken in 2018 by the Unkersity of Technology Sydney, the Coastal Development Partnership
Bangladesh, Bread for the Werld and the World Future Council, to support implomentation of 100% rencwable
energy transition till 2050 with a visw on reducing Bangladesh's rellance on energy imparts, fostering energy
sovereignty and accelerating sustainahle development in Bangladesh. The study analyzed the technical RE
petential of Bangladesh; the country’s future enemy demand and optimal renewable energy (RE) deployment
pathways to achieve 100% renewables by 2030, 2040 and 2050.

According to the study, 100% Renewable Energy in Bangladesh by 2050 is technically feasible, aconomically
viablg and socially beneficial. The study suggests that renewable energy can tackle both the challenges of
economic expanson and relizble energy access, i the energy strategy of Bangladesh takes an Integrated
approach across hest, mobility and aelectricity, The study also highlights that Bangladesh has the technical
possdbilities to implement new innovative technoiogies such as floating RE installations and to reduce its future
dependence on energy Imports significantly, The study also recommends to wse the exlsting Solar Homs
Systerm [5H5) to develop bottom-wp electrification model

Thee study shows that electricity will become the major renswable ‘primary’ energy by 2050, To reach 100%
electricity supply from renawables, and be in line with the Paris Agreemant and achieve the S0Gs, around 200
GW of generation capacity will have to be added by 2050, If the installed capacity of renewables reaches about
A0 GW In 2090, It will ensure access to energy for all the remalning non-slectrifled households by 2030, To
achieve 100% RE energy access, Bangladesh should priorities development of the necessary RE infrastructure,
also with a view of electrification of transport and heat.

To ensurs 8 trandltion towards 100% RE, whilst maximizing co-benefits, participation af the whole spectrum of
stakeholders; civil soclety, povernment. communities, academia etc. is indispensable. We balieve this study will
help the energy-rofated stakeholders to accelerate a long-term energy transition process through the
deployment of renewable power generation.

Anna Skowron, WFC

Dr. Joachim Fugfelt, BFTW

Or, Sven Toske, UTS

5. Jahangir Hasan Masum, COP
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1 EXECUTIVE SUMMARY

Bangladesh needs 1o bulld up and expand its power generation systém (o increase the energy access rate 1o
100 per cent, Building any new power plants: no matter what technology-will require new infrastructure, such
as power grids, spatial planning, a stable policy framework and access to finance. With decreased prices for
solar photovaltale and onshore wind In recent years, renewables have become an economic alternative to
bullding new gas or coal power plants. As a result, renewables achieved a global market share of aver 60 per
cent of all now bulld power plants since 2014,

To understand 100% Renewable Energy Pathways for Bangladesh, three sceparios have been calculated:
Reference case ["REF”), Renewables 2.0°C ["2:.0°C7) and Renewables 1.58°C ["1L8%C"). The scenario-boilding
process for all scenarios includes assumptions on policy stability, the role of future energy utilities, centralized
fossil fuel-bazed power generation, population and GO, firm capacity and future costs

* Policy stability: This research assumes that Bangladesh will establish & secure and stable framework for the
deployment of renewable power generation. Financing a gas power plant or a wind farm is guite similar. In
both cases a power purchase agreement, which ensures a relatively stable price for a specific quantity of
electricity, Is required 1o finance the project. Dally spot market prices for electricity andfor renewable
energy or carbon are not sufficient for long-term Investment decisions for any kind of power plants with
technical lifetimes of 20 years or longer.

Strengthened energy efficiency policies: Existing policy settings, namely energy efficency standards for
electrical applications, buildings and vehiclas, will need 1o be strengthened in arder mazimlze cost-efficlent
use of renewable energy and achleve a high energy productivity by 2030,

Role of future energy utilities: With ‘grid parity” of roottop solar PY under most current retail tanffs, thiz
madelling assumes that the energy utllities of the future tzke up the challenge of Increased local
generation and develop new business models that focus on energy services, rather than just on selling
kilowatt-hours,

Population and GDP: The three scenarios are based on the same population and GOP assumptions,
Projections of population growth dre taken from the World Population Review &1 while the GDP projection
are taken from Bangladesh's Power System Master Plan 2016 which assumes long-term average growth of
around 7 per cent per year over the scenarla pericd,

Firm capacity: The scale of each technology deploved and the combinations of technologies in each of the
three scenarios target a firm capacity, Firm capacity Is the "proportion of the maximum possible power
that can reliably contribute towards meeting peak power demand when needed." Firm capacity s
impartant to ensure a reliable and secure energy system, Note that variable renewables still have a firm
capacity rating, and the combination of technology options increases the firm capacity of the portfalio of
options,

Cost assumptions: The same cost assumptions are ubilized across all three sconarios, As technology costs
decline with deployment scale rather than time, the renewable energy cost reduction potential In both
REMEWABLES cases may even be larger than In the REFERENCE case due to larger market sizes. The reverse
Is true for the fuel cost assumptlons as all three scenarlos are based on low Tossil fuel price projections;
while both RENEWABLES sceparios have a signlffcant drop (0 demand, the reference case assifmes
Increased demand that may lead to higher fuel costs. As such, the costs should be consldered conservative.
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The REFEREMCE scenario [REF) reflects a continuation of current policies and Is based on Bangladesh's
Government Power Sydtem Masterplan 2016, Energy statistics are taken Trom the International Energy
Agency's World Energy Balances of OECD Countries 2018 as well as from the Power Development Plan 2016
and statistics published by the government of Bangladesh.

Both the RENEWABLES 2.0°C (“2.0°C") and the REMEWABLES 1.5°C (*1.5°C") scenarios are bullt on a framework
of targets and assumptions that strongly Influence the development of individual technological and structural
pathways far each sector, The main assumptions considered for the RENEWABLE scenario-bullding process are
detailed below.

* Emissions reductions: the main measures to meet CO, emission reductions in the 2.0°C and 1.5'C
scenanos include strong improvements in energy efficiency resulting in doubling energy productivity over
the next 10 to 15 years, and the dynamic expansicn of renewable energy across all sectors,

* Renewables industry growth: dymamic growth in new capacities for renewable heat and power
generation is assumed based on current knowledge about potential, costs-and recent trends in renewable
energy deployment, Communities will play a significant role In the expansion of renewables, particularly
regarding project development, inclusion of local population and operation of regional and/or community
owned renewable power projects.

= Fossil fuel phase-out: the operatlonal ifetime for gas power planis |s conservatively estimated to be 30
years, In both scenarios, coal power plants are phased out early on, followed by gas power plants.

*  Future power supply: the capacity of large hydropower remains flat in Bangladesh over the entire
scenario perlod, while the guantities of bloenergy grow withln the natlon's potential Tor sustalnable
biomass. Wind power (on- and offshore) and solar photovoltaic are expected to be the main pillars of
future power supply. complemented by contributions from bioenergy and gas power plants (fueled with
synthetic-fuels/nydrogen aftar 2040}, Solar PV figures combine both rooftop and utility scale PY plants
including floating solar, The potantial Tor affshore wind is significantly higher than onshore wind, thus
mast of the wind power under both RENEWABLES scenarios is offshore wind. Solar resources for
concentrating solar power (C5P) are not sufficient and therefore not used.

*  Wind: Onshore wind resources in Bangladesh are concentrated an the three coastal districts Khulna,

Barisal and Chittagong, The entlre capacily In both RENEWABLES scenaring is concentrated there,
Oftshore wind parks are located up to 120 km offshore.

» Security of energy supply: the scenarios limit the share of variable power peneration and maintain 2
sufficient share of controllable, secured capacity. Power generation from blomass and gas-fired back-up
capacities and storage, are considered Important for the security of supply in a future energy system,
related to the output of firm capacity. Storage technologles play an Increase role after 2030, while gas
power plants will be switched to synthatic full towards the end of the scenanio period.

# Sustainable biomass levels: the sustainable level of biomaszs use for Bangladesh is assumed to be
limlted to 1000 P, Low-tech blomoss use, such as In Inefficient housahold wood-burmers, ore largely
replaced in the RENEWABLES scenarios by state-of-the-art technologies, primarily highly afficient
cogeneration plants. The remalning bio-energy |5 assumed 1o be Imported,
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* Electrification of transport: Efficiency through energy savings in the transport sector are a result of fleet
penetration with new highly efficient vehicles such as electric wehicles, but also assumed changes in
maobility patterns and the Implementation of efficency measures for combustion engines. The scenarlos
assume limited use of blofuels for transportation glven the limited supply of sustainable blofuels.

* Hydrogen and synthetic fuels in the transport sector: Hydrogen and synthetic fuels are generated by
electrolysis using renewable electricity are introduced as a third remewable fusl in the transportation
sector, complementary to biofuels, the direct uze of renewable electricity and battery storage, Hydrogen
generation can have high-energy losses; however, the imited potential of biotuels and mostly likely also
battery storage far electric mobility mean it is necessary to have a third renewable option in the transport
sector. Alternatively, this renewable hydrogen could be canverted inta synthetic methane and liquid fuels
depending an economic benefits |storage costs versus additional losses| as well as technology and markst
development in the transport sector {combustion engines versus fuel calls). Due to the limited hydrogen
generation potential of Bangladesh, it is assumed that hydrogen and synthetical fuels are imperted.

The RENEWABLES 2.0°C scenario {2.0°C) is designed to meet Bangladesh's energy-related targets to achieve
100 per cent renewable electricity as soon as possible. The renewable energy trajectories for the initial years
take the “Bangladesh Policy Road Map for Renewable energy” into account. This supgest that renewable
energy markets in developing countries are projected to grow at a rate equal to the renewable energy markets
of DECD countries. In addition, pathways for the depioyment of renewable energy and efficiency measures
reflact the technology trends of recent years and market estimations of the solar photovoltaic, wind industry
and other innovative technologies. This scenario includes significant efforts to fully exploit the extensive
potentiz| far energy efficiency available through current best-practice technology. At the same time, various
proven renewable energy sources are integrated to a large extent for electricity generstion, and to a lesser
extent to produce synthetic fuels and hydrogen for heating (domestic, commaercial and Industrial) and
transport.

The RENEWABLES 1.50C scenarnio [1.5"C) takes a more ambitious approach to transforming Bangladesh entire
energy system towards 100 per cent remewable energy supply. The consumption pathways remain almaost the
zame as in the RENEWABLES 2.0°C scenario, however under this scenario a much faster introduction of new
technologies leads to a complete decarbonisation of energy for stationary energy |electricity], heating
{including process heat for industry) and transportation. The latter requires a strong role for storage
technologies such as batteries, synthetic fuels and hydrogen.

KEY FINDINGS OF THE STUDY

Regional distribution of solar and wind resources

Bangladesh has almost 6,250 square kilometers of available land where 156 gigawatts of sclar power can
potentially be harvested through utility scale solar farms. To avoid conflicts with Mational Parks and other
competing uses of land, only perennial cropland and open bushland land cover types were included in the
analysis. Only utility scale solar photovoltaic is included in the analysis, as the solar resource is not sufficient
for concentrated solar power {CSF) which reguires highest direct normal irradiance. It is assumed that this
suitable area will be used for utility-scale solar photovoltaic, 20 per cent of the total utility scale photovoltaic
power plants are flosting installations.
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Regarding wind energy, Bangladesh has only a relatively small amount of land available for otility scale
onshore wind power generation, therefore offshore wind has been considered to a large extend as well,
Potentlal exists to install af least 150 gigawatts of wind power (on- and offshore) from sites spread over 3,200
square kilometers across Bangladesh, mainly in the southern part of the country. This analysis considers only
sides with wind speeds of 5 meters per second and above to plot optimal sites. Site sefection is restricted to
Include only the following land cover types: bare soil, annual cropland, perennial cropland, grassiand and
ocean. Offshare water bodies within 50 to 120 kilameters of the coast were included in the analysis. This leads
to an estimated offshare wind potential of 134 gigawatts and an onshore wind potential of around 16
gigawatts, This potential has been used entirely to maximize local electricity generation in Bangladesh,

A 1D0% renewable energy supply for Bangladesh is feasible with an Impaort rate-for bio energy and synthetic
fuels- of about 25% (finaf energy} by 2050.

Long-term energy demand scenwiqc_i

Combinlag the projections on population development, GDP growth and energy Intensity results in future
development pathways in the Reference scenario, total final energy demand increases by 320% from the
current 1000 Plfa to 4200 PIfa in 2050, In the 2.0°C scenaria, final energy demand increases at a much lower
rate by 250% compared to current consumption and is expected to reach 3500 Plfa by 2050, Thel 5°C scenario
results in some additional reductions due to a higher share of electric cars,

Under both RENEWABLE scenarios, due to econemic growth, increasing living standards and electrification of
the transport sector, overall electricity demand is expected to Increase despite efficiency gains in all sectors,
Total electrcity demand will rise from about 40 TWh/a to 380 Twhia by 2050 in the 2.0°C scenario, Compared
to the Reference scenario, efficiency measures In the industry, residential and service sectors avoid the
generation of about 30 Twh/a, This reduction can be achieved by Introducing highly efficient electranic
devices using the best available technology In all demand sectors. The transformation 1o a carbon free energy
system in the 1.59C scenarlo will further increase the electricity demand in 2050 up to 400 TWh/a, Electricity
willl become the major renewable "primary’ engrgy, nat only for direct use for various purposes but alsa for the
generation of syrthetic fuels far fossl] fuels substitution. Around 60 TWh are used In 2050 for electric vehicles
and rall transport in 2050 in the 1.5%C case.

Efficlency galns In the heating sector are even larger than in the electricity sector. Under both RENEWABLE
scenarios, consumption equivalent to about 100 PI/a |5 avelded through efficlency galns by 2050 compared to
the Aeference scenario, As a result of energy-related rencvation of the existing stock of residentlal bulldings,
the introduction of low energy standards and ‘passive climatization' for new buildings, as well as highly
efficient alr conditloning systems, enjoyment of the same comfort and energy services will be accompanied by
much lower future energy demand.

Electricity generation, capacity and breakdown by technology

Py 2050, 76% of the electricity produced in Bangladesh will come from renewable energy sources |n the 2,00
scenario, 'New' repewables - mainly wind and selar photovoltales - will contribute 56% 1o the total electricity
generation, Already by 2020 the share of renewable electricity production will be 2% and 33% by 2030. The
instatled capacity of renewables will reach about 30 GW In 2030 and 150 GW by 2050, A 1005 electricity
supply from renewable energy resources in the 1.59C scenario leads to around 200 GW installed generation
capacity In 2050, Between 2020 and 2025, solar photovaltalc and wind overtake hydropower, currently the
largest contributor to the growing renewable electricity market, The continuing growth of wind and Bv will be

i
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complemented by electricity from solar thermal, geothermal and ocean energy. Renewable scenarios will lead
to & high share of varable power generation sources [PV, wind and ocean) of already 12% to 23% by 2030 and
S6% to 65% by 2050, Therefore, smart grids, demand side management (DSM), energy starage capacities and
ather options need to be expanded to increass the fiekibility of the power system for grid integration, load
balancing and a secure supply of electricity. |n contrast to the REF scenaric which plans ta build nuclear
reactors with a total capacity of 7,000 MW, the 2.0°C scenario includes on the completion af ane reactor black
with a capacity of 600 MW which is currently under construction. The 1.59C scenario assumes, that this
current construction of the nuclear reactar will not be complete due ta the substantial economic advantage of
renewable power generation.

Future Casts of electricity generation

Both Renewable scenarios increase the future costs of electricity generation compared to the Reference
scenario over the next ten yvears but lead to lower costs afterwards. However, this difference in full cost of
generation will be less than 0.3 USS/kWh in the 2.0°C and about 0.5 US5/kWh in the Renewsbles 1,5°C
scenario. This cost estimation includes costs for storage. Possible additional costs for grid expansion
requirements are not calculated as this was out of scope of this analysis. However, the significant increase of
demand in Bangladesh under the Reference case as well as the two alternative scenarios indicate that grid
expansion will be required in any case. Because of increasing prices for conventional fuels and the lower CO4
intensity of electricity generation, electricity generation costs will become economically favorable after 2040
under the Renewable scenarios. By 2050, the cost will be 0.2/ 1.1 USS cent/kWh, respectively, below those in
the Reference case.

Future imvestments.in the power secior

Around WSS 250 billien is required in investment for the 2.0%C scenario to become reality {including
investments for replacement after the economic lifetime of the plants) - approximately USS 6 billion per year,
USS 80 billion more than in the Reference scenario (WSS 170. billion). Investments for the Renewables 1.5
scenario sum up to WSS 310 billion until 2050, on average USS & billion per year. Under the Reference scenario,
the {evels of investment in canventional power plants add up to almost 97% while approximataly 3% would be
invested in renewable energies and cogeneration until 2050,

Under the Renewable scenarios, howsver, Bangladesh waould shift almost 86% [ 89% of the entire Investmeant
towards renewables and cogeneration, respectively, By 2030, the fossil fuel share of power sector investment
would be focused mainly on gas power plants. Because renewabie energy has no fue! costs, the fuel cost
savimgs in the 2.0°C scenario reach a total of USS 140 billion up to 2050, USS 4 billion per year, The total fuel cost
sawings thersfore would cover 180% of the total additional investments compared to the Reference scenario.,
Fuel cost savings in the 1.59C scenario are even higher and add up to USS 200 billion, or WSS 5 billion per year,
Renewable energy sources would then go on to produce electricity without any further fusl costs beyond
2080, while costs for coal and gas will continue to be a burden on national economies,

Cooking and industrial heart

Today, renewables meet around 51% of Bangladesh's energy demand for heating, the main contribution
coming from the use of traditional and predomimantly unsustainable biomass. Dedicated support instruments
are required to ensure a dynamic development for renewable technologies for buildings and renewable
process heat production, In the 2.0°C scenario, renewables already provide 44% of Bangladesh's total heat
demand im 2030 and 81% in 2050

un
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& Energy efficiency measures help to reduce the currently growing energy demand for heating by 4 % In
2050 [relatlve to the Relerence scenario), despite Improving Hving standards and econamic growth,

® In the industry sector solar collectors, pecthermal energy (incl. heat pumps) as well as electricity and
hydrogen from renewable sources are increasingly substituting for fossl| fuel-fired systams.

& A shift from coal and ol to natural gas In the remaining conventional applications leads to o further
reduction of CO; emissions.

Biomass remains the main contributor among renewable heating technologies, with increasing investmeants in
highly efficient modern biomass technology. After 2030, a massive growth of solar collectors and a growing
share of geothermal and environmentzl heat as well as heat from renewable hydrogen can further reduce the
dependence on fossil fuels. The 1.59C scenario results in a complete substitution of the remaining gas
consumption by ydrogen generated from renewable electricity,

Future investments in the heating sector

Both Renewable energy scenarios would require a major revision of current investment strategies in heating
technologies. Solar thermal, geothermal and heat pump technologies nesd an enermous increase in
installations it these potentials are to be tapped for the heating sector, The use of biomass for heating
purposes will shift from often traditional biomass today to modern, efficient and environmentally friendly
heating technologies in both Renewable scenarios, Renewable heating technologies are extremely varlable,
from bow tech blomass stoves and unglazed solar collectors to very sophisticated enhanced geothermal and
solar systems. Thus, it can only be roughly estimated that the 2.°C scenario in total requires around USS 290
billion to be invested in renewable heating technologies up to 2050 (including investments far replacemeant
after the economic lifetime of the plants) - approcimately USS 7 billion per year. The 1.5°C scenario assumes.
an egually amhitious expansion of renswable technologies resulting in an average investment of around LSS &
billion per year, while the main strategy In the scenaric i the substitution of the remaining matural gas
amountswith electricity, hydrogen or other synthetic fuels,

Transport Sectar

A key target in Bangladesh iz to develop the transport sector with local available and accepted technologies.
Bangladesh has among the highest densities of rickshaws in Asia: About 2 million rickshaws, a majority is
already or is in the process of conversion towards battery electric drives. The 1.57C scenario increases the use of
elactric rickshaws and tri-cycles significantly making them one ofthe backbones of the road transport systems,

In addition, all urban regions will shift the transport systemito 3 high degree towards to efficient rail, fight rail
and buses, especially in the expanding large metropalitan areas. Along with rising prices for fossil fuels, these
changes reduce the further growth in car sales projected under the Reference scenario. Due to population
increase, GDP growth and higher living standards, energy demand from the transport sector is expected to
increase in the Reference scenario by around G78% to 990 Pifa in 2050, In the 2.0°C scemarin, efficiency
measures and modal shifts will save 44% (420 Pifa) in 2050 compared to the Reference scenario. Additional
madal shifts and technology switches lead to even higher energy savings in the 1.5°C scenario of 41% (410
Pifa) in 2050 compared to the Reference scenario. Highly efficient propulsion technotogy with hybrid, plug-in
hybrid and battery-electric power trains will bring about large efficiency gains.
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By 2030, electricity will provide 5% of the tranmsport sector’s total energy demand in the 2.00C, while in 2050
the share will be 15% (40% in the L.5°C scenario). Bio- and other synthetic fuels penerated using renewable
electricity are complementary options to further increaze the renewable share in the transport sector.
However, due to the limited hydrogen generation potential within the country, the use of hydrogen for
transport has not been considered.

Primary energy

Under the 2.0°C scenario, primary energy demand will increase by 370% from today's 1230 P)/a to around
5000 Plfa. Compared to the Reference scenario, overall primary energy demand will be reduced by 17% in
2050 under the 2.0°C scenario (REF: around 6000, P in 2050). The 1.59C scenario results in a primary energy
consumption of around 4500 Pl in 2050 (inck imports), The REMEWABLE scenarios aim to phase out coal and
oil a5 fast as technically and economically possibie by expansian of renewable energies and a fast introduction
of very efficient vehicle concepts in the transport sector to replace oil-based combustion engines. This leads o
an overall renewable primary energy share of 33% |n 2030 and &5% (n 2050 in the 2,0°C and 100% In 2050 in
the 1.5°C casze (excluding non-energy consumptian],

CO, emissions

Whilst Bangladesh’s 005 emissions will increase by a factor of 6 - from 67 million tons to over 400 million tons
- between 2015 and 2050 under the REFERENCE scenario, both RENEWABLES scenarios will result In a
moderate increase to 123 million tons with a population increase fram 157 to 195 milllon people in the same
period. As such, annual per capita emissions will remain at around 0.5 tons. While the power demand will
Increase by a factor of 10 in the 2.0°C case, overall 05 emissions of the electricity sector will doubla. In the
lomg run, efficiency gains and the increased uze of renewable electricity in vehicles will also dramatically
reduce emissions in the transport sector.

With a 25 per cent share of C0y, the transport sector will be the second largest source of emissions in 2054 in
the 2.0°C scenarlo. The 1.5"C case will fully decarbonize the electricity sector, while the industry sector will be
responsible for 1 milijon tons - mainky due to gas-based process heat generation. This represents 20% of the
projected overall CO; emissions of Bangladesh in 2060. The biggest €O, emissions under the 1.5°C case come
from the transport sector with 8 milllon tons (46%) by 2050,

A tull decarbonisation of all sectors seems possible with increased import shares of renawabie electricity and
fuels. Howewver more research is required to find alternative renewable energy supply options for the industry
sector in Bangladesh,

-
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Significant fuel cost sawngs refinances Investiment (n remewaliles

Under the RENEWABLES case, the annual investment is estimated at 52.4 billlon highee than in the REFERENCE
case, However, the fuel cost saving would add up ta 53.7 billkon, With high uncertainties in both future
investrment costs for power generation egulpment and Tossil fuel prices, it seems certain, that the overall cost
balance 15 economically beneficial for the 2.00C case,

Under the 1.59C case, the additional investment |s estimated at around USS3.8 billien; compared to the
REFEREMNCE case, the Fuel cost saving would add up to 55.0 billlon without the transport sectar, Bath the 2.00C
and the 159C cases lead to fuel cost savings that will be more than refinance the (nvestment cost for
ranewable power ganeration,

Power system Analysis

Both RENEWABLE scenarlos use Bangladesh's renewable energy resources to the masimum In arder to reduce
energy Imports dependence and (o utilize local resources, Bangladesh will significantly increase lts power
diemand - under each power genération scemarlo, Thus, power grids will have te expand, and power
generation will have 1o be Increased by an order of magnitude. A repewable energy dominated power
genaration mequires a different infrastructural design then a fossil and nuclear power dominated future, To
harvest Bangladesh's offshore wind and solar resources, the power grid needs to be able to transport large
loads from the coast further north inland, while decentralized will shoulder a significant part of the residential
sector. Offshore wind requires trasfsmission lines 1o the load centers of Bangladesh,

A 100% electriciy supply from renewable energy resources reguires around 200GW installed generation
capacity by 2050, The annual installation rates for solar PV Installations must Increase to around 5 GW
between 2025 and 2035 and further Increase to arownd 10 GW per year untll 2050 In both RENEWABLES cases.
By 2035, the installation rates for offshore wind must be arcund 1.6 GW In the 2.0C case and 2.8 GW In the
L5 case, Onshore wind power plants have significant potential in three coastal districts Khulna, Barisal and
Chittagong of Bangladesh, Solar PY and offshore wind are the key renewable energy technologies to achieving
thie decarbonlsation targets, After 2045, the dispatchable conventional gas power plarts will be converted to
operate on hydrogen and / or synthetic fuels to aveld stranded investments and also to move the country
towards decarbonized power system, Most of dispatch power In 2050 will come from gas power by using
existlng Infrastructure to transport and store hydrogen and / of synthetlc fuels, Maore research |5 required to
assess how exlsting gas plpelines in Bangladesh can be converted to renewable fuels pipelines.

Further research requirements

Bangladesh has the technlcal possibilities to implement new Innavative technologhes and to reduce |ts future
dependence on energy Imports significantly, Further research |s required to specify locations of wtllity scale
floating solar phetovoltale to optimize thelr distribution regarding supply and to reduce storage demand.

The renewable power generation resources of Bangladesh can supply the country with rellable power
genaration, however, the unigue geographical and meteorological circumstances require further adaption of
the existing technologies such as:

* Floating storage devices to avoid battery damage in flooding situations
® Floating solar photovoltaic devices suitable for rivers and tidal waters
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2 INTRODUCTION AND SCOPE OF WORK

In 2018, the Coastal Development Partnership (COP], the World Future Councll {WFLC) and Bread for the Warld
[Bftw] started a project in Bangladesh 1o develop a coherent strategy 1o implement 100 per cent Renswable
Energy (RE) to holp develop Bangladesh's National Determined Contribution (NDC) under the Paris Climate
Agreement and to serve as an input for Poverty Reduction Goals, This project builds on the previous
experience of the project partners in facilitating the deployment of Low Carbon Development |LCD) and
renewable enesgy (RE) in Tanzania.

Through an inclusive and interactive approach engaging local stakeholders and key decision makers in the
energy transformation and poverty reduction process, thls project intends to:

# inspire stakeholders and build hands-on knowledge of how 100 per cent RE adds value to local economic
development and community sustainability

o strengthen synergies, networks and platforms for multi-stakeholder dislogue and follow-up at the national
teve| among government, pariamentary committees, policy-makers, civil society, trade unions, churches
and media on LCD, poverty reduction and 100 per cent RE

* jdentify necessary legislation and policy reforms.

The propased assignment alms to support the project by Informing a policy framework on 100 per cent
RE with the following alms:

1. providing universal access to renewable enengy
2. tully decarbonising Bangladesh’s economy, and

3. boosting sodio-econamic development and reducing inegualities,

To put Bangladesh on such a pathway, Bread for the World, the World Future Councll and the Coastal
Development Partnership (COP) aifms to analyse:

1. the tochnizal RE potential of the country
2. the country’s Tuture energy demand given unlversal energy access
3. optimal RE expansion trajectories to achieve 100 per cont RE by 2030, 2040 and 2050,

Using the estimated costs and investment needed to realise different trajectories, and in a further step not
within the scope of this study, COP. Woarld Future Council and Bread for the Waorld will develop policy
recommendations in a workshop based an the results af this analysls,

The Institute of Sustainable Futures {I5F) at the University of Technology Sydney has produced an economic
and technical scenarioc model for transition towards a renewable energy system, The model describes
Bangladesh's future energy system, Including an assessment of technology pathways and cost implications af
three future energy scenarios. The model| used by I15F was created by the German Asrospace Agency and has
previously been used ta inform the German Gavernment's 'Energiewende’ and climate mitigation scenarnios for
the Intergovernmental Panel on Climate Change {|PCC).

The terms of reference [ToR) of the study is presented in Section 2, followed by global energy context in
section 3, methodology and assumptions of the modelling in section 4, detailed results and cost analysis in
Section 5.

The Coastal Development Partnership (COP) provided the terms of reference (ToR).
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As per the terms of reference (ToR), the study shall cover the following activities:

1} Mapping the current energy scenario of Bangladesh: The study shall develop a baseling of current status

of energy usage In Bangladesh as well as the current energy sector priorities and policles,

2) peveloping key assumptions for the 100% RE scenarlo Invalving multi-stakeholder groups: The study shall

3
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organize a workshop in Bangladesh involwing COP, Bread for the World, World Future Councll and relevant
Bangladeshl stakeholders to clanfy key assumpticns in the scenario calcufatlons, The workshop will identify
accepted assumptlons by the stakeholders about future developments to calculate the scenarlo

Analysing the RE (solar, wind, hydro, geothermal, blomass] potential of Bangladesh: The study shall
analyse the potential of different RE technologies including solar photovoltaic {PV), concentrated solar
power [C5P), on- and off-shore wind, small and mediem scale hydro and blo energy In a very detalled way,
far example in hourly or dally format. Besides & quantitative analysis, the study shall provide a specific
geographical overview where which technology can be used.

Predicting the future energy demand in Bangladesh: Taking the goal of universal energy access inlo
account, the study provides an estimation of future total energy demand of Bangladesh from 2018 untll
2050, assuming that:

' Bangladesh moves towards becoming a middle-income country by 2021

*  universal access to electricity and clean cooking selutions is reached by 2030

 the 5DGs are reached by 2030

/' there will be electrification of the transport sactor

/' mare than half of the population will live in urban areas by 2040

¢ maore green jobs will be created

Developing 100% RE Trajectories: The study shall develop 100% RE trajectories with a timespan from 2018
until 2050 in which 100% RE will be reached by 2030, 2040 and 2050. In addition, a business as usual
trajectory 15 develaped, Each trajectory shall assume that

» universal access to electricity and clean cooking solutions is reached by 2030

' the SDGs are reached by 2030

' the most economic technology is applied {given current estimations on innoyvation)

.  Bangladesh economy is completely decarbonized latest by 2050

Estimated costs & Investment needs: The study shall estimate [nvestments needed to realize the
trajectories, projecting capital flows and breaking down financizl sources and compenents. The study shall
also estimate the comparative cost of renewable energy production with regard to affordability and
competitiveness with fossil fuel options. The study shall try to estimate the investments needed for each
year to meet the 2030 trajeciory.

Estimating socio-economic benefits of 100% RE: The study shall provide an estimation of the following
sorio-econamic benefits under each trajectory:

 Economic inequality

" Arcess to electricity

' GODP per capita {and growth rates}

" Carbon emissions (and carbon intensity of GEP)

. Iimproved and reliable soclal services {education, health, transport, communication sectors)

Recammending 100% RE Implementation Options: The study shall provide recommendations abaut the
implementation options (policy, institutional, technology and financing options) to realize the RE
trajectories

o
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3 GLOBAL ENERGY CONTEXT

Global egnergy markets are changing rapidly. Renewable power generation capacity saw its largest anmual
inerease ever with an estimated 178 gigawatts added globally ln 2018, New salar photoveltaic penerating
capacity alona was greater than additions in coal, natural gas and nuclear power combined’. In 2014, growth
rates for coal use stalled globally for the first time, including in China, and this trend continued throughout
2015 and 201&°. In 2018, however, coal consumption grew again slightly, due to an increased use in China. Oil
and coal prices are now at a record low, halting the development of most new coal and oil mining projects.

Renewable energy technologies have been develaping rapidly since the beginning of the century, and they
have emerged from niche markets to become mainstream. This section provides an owerview of the
deyvelopment of renewable energy in the power, heating, and transport sectors up to the year of writing
[2018). These developments will put the energy scenarios presented in the following chapters into a global
context. The research and data In this section are based on the REN21 Renewables 2018 —Global Status Repart
Renewables,

3.1 GLOBAL TRENDS IN RENEWABLE ENERGY IN 2017

In 2017, 2olar photovoltaies (PY) and wind power dominated the global market for new power plants, the price
of renewable energy technologies continued to decline, and fossil fuel prices remained low. A new benchmark
was reached, in that the new renewable capacity began to compete favourably with existing fossil fuel power
plants in some markets. Electrification of the transport and heating sectors iz gaining attention, and although
the amount of electrification iz currently small, the use of renewable technologies is expected to increase
significantly over the next four ta five years.

The growth in sofar PV has been remarkable, nearly double that of second-ranking wind power, and the
capacity of new solar PV is greater than the combined increases in the coal, gas, and nuclear capacities [F5-
LINEP 2018}, Starage is Increasingly used in combination with variable renewables as battery costs decline,
and solar PV plus storage has started to compete with gas peaking plants (Carroll 2018)°, Howevers, bloenergy
{including traditional biomass] remains the leading renewable energy source in the heating (bulldings and
Industry] and transport sectors. Renewable energy’s share of the total Hinal energy consumpticn has increased
only modestly in recent years, despite tremendous growth in the modem renewable energy sector, There are
twa main reasons for this: One is that the growth in the overall energy demand (except for the drop in 2009
after the global economic recession) has counteracted the strong forward momentum of modern renpwable
energy technologies, The other is the declining share of traditional biomass, as peaple switch to other torms of
energy. Traditional biomass makes up nearly half of all renewable energy used, and its use has increased at a
rate lower than the growth in total energy consumption.

Since 2013, the global energy-relsted CO, amissions from fossil fuels have remained relatively flat.Early
estimates based on preliminary data suggest that this changed in 2017, with global CO, emissions growing by
around 1.4% (REM21-G5R 2018)%, These increased emissions were primarily due to increased coal consumption
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in China, which grew by 3.7% im 2017 after a 3-year decline (EMERDATA 2018)%. This increased Chinase
consumption, as well as steady growth of around 4% in India, is expected to lead to an upturn in global coal
use, reversing the annual global decline observed from 2013 to 2016 (ENERDATA 2018)F. Renewable energy
palicies in Indiz and China however, are substantial for renewable energies, especially wind power and solar
photovoltaic. The coal increase was not due to the lack af renewable energy policies, but due to delayed
infrastructural projects.

In cantrast to the upturn in global coal use, in 2017, 26 countries joined the Powering Past Coal Alliance, which
is committed to phasing-out coal power by 2030, with new pledges trom Angola, Denmark, |ﬁ|'|l, Mexico, New
Zealand, and the United Kingdom (Carrington 2017}5. An increasing number of companies who owned,
developed or operated coal power plants have moved away from the coal bosiness (Shearer 2017)7. Also, in
2017, 26 of 28 European Union member states signed an agreement to build no mare coal-fired power plants
from 2020 onwards, and the Port of Amsterdam, which currently handies 16 million tonnes of coal per year,
announced plans to become coal-free by 2030,

The global pil price averaged USD 52.5 per barrel in 2017, equivalent to about half the record high prices that
occurred between 2011 and 2014, although it was still almost double the prices from 1996 to 2005 (Statista
2018)5. Matural gas prices fell from 2013 to 2016, and early indicators suggest that prices remained low or
decreased further in 2017 (BP 2017)°. Low fossil fuel prices have challenged renewable energy markets,
especially in the heating and transport sectors {IEA-RE 2015)%0,

The value of direct global fossil fuel consumption subsidies in 2016 was estimated to be about USD 360 billion,
a 15% reduction since 2005—but stitl mare than 20% higher than the total renewable industry turnover in
2017 (IEA-WEB 2018, The value of fossil fual subsidies also increases by an order of magnitude if
externalities are considered [IMF 2015} Although the Group of Twenty (G20) reaffirmed their 2009
commitment to phasing-out inefficient fossil fuel subsidies in 2017, progress has been slow and there are calls
from large investars, insurers, and civil society to both increase transparency and accelerate the process (G20-
20171, The main problems identified include that the G20 has not defined ‘inefficient subsidies’; there is no
mandatory reporting; and there are no timelines for phase-out commitments (Asmelash 2017)%4,

At the global policy level, international dimate negotiations have continued to influence energy markets.
Following the 2015 Paris Agreement of the United Mations Framework Convention on Chmate Change
{UNFCCL), a technical meeting on its implementation took place in Bann, Germany, in November 2017 at the 237
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Conference of the Parties (COPZ3) (UNFCCC 2017)". Although renewable energy figured prominently in a
largs proportion of the Nationally Determined Contributions (WDCs) that countries submitted in the lead-up 1o
COP22 in 2016, the climate negotiations In 2017 were unable to resolve the question of how NDCs should be
arganized, delivered, and updated, leaving uncertainty about how national renewable energy commitments
could be ramped up (Timberley 200750,

Despite these uncertainties, an increasing number of communities, cities, and regions have introduced 100%
renewable energy targets. The number of citles powered by at least 70% renewable electricity has more than
doubled in 2 years, from 42 in 2015 to 101 in 2017. These cities now include Auckiand, Brasilia, Mairobi, and
Oslo [COP-WEB 2018)Y. By end 2018, 176 companies committed for 100% renewable energy target, among
them are large cooperation’s such as lkea, Coca Cola and Apple'®,

Carbon pricing policies, which Include carbon taxes and emission trading schemes, were in place in 64
jurisdictions around the world in 2017, up from 61 in 2016, In December 2017 (REN21-G5R 2018)%, China
launched the first phase of its long-awaited naticnwide carbon emissions trading scheme, which will focus on
the power sector, Carbon trading will be based in Shanghai and will include about 1,700 power companies
emitting mare than 3 billlan tennes of CO, annually {$u and Mason 20171, For comparison, the emissions
trading scheme of the European Union Included around 1.7 billian tonnes of Ca, in 2016 (EC 2017 Reforms
to the European Union scheme wene agreed upon at the end of 2017, which will reduce the number of
emission certificates issued and accelerate the cancellation of surplus certificates {Agora 2018)°",

The plobal investment in renewable energy In 2017 [(excluding hydropower plants larger than 50 megawalts
[MW]) was USD 280 billion (REN21-GSR 201814, up by 2% from 2016, but 13% below the all-time high, which
occurred in 2015, 1t i noteworthy that each dollar represents more capacity on the ground as prices per GW
decrease, Mearly all the investment was in either solar PV {58%) or wind power (38%). Developing countries
accounted for the largest share of Investment far the third consecutive year, at 63% of the total investment.,
China alone accountad far 45% of global investment, with a 30% increase since 2016. The United States was
next, with 14%, followed by Japan (5%)] and India (4%). Investment remained steady or trended upwards in
Latin America and the USA, but has been falling in Eurcpe since about 2010, with a drop of 30% from 2016 to
2017 (UNEP-FS 2018)°%,

Pressure to diversify and stable growth in the renewables sector over the past decade has increased the
interest of the fossil fuel industry in renewables. Large oil corporations mare than doubled their acquisitions,
project Investments, and venture capital stakes in renewable energy in 2016 relative to those in 2015, This
increased the investment in clean energy companies to USD 6.2 billlan over the past 15 years, with more than
0% of deals involving solar PV or wind, and 16% involving biofuels (Bloomberg 2017). However, thiz is
dwarfed by the spending of these companies on fossil fuels. One estimate i< that renewables acoount for about
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3% of the total annual spending [around USD 100 billion) by the werld’s five biggest oil companies |Schneyer
and Bousso 2018)", Bank finance for fossil fusls increased in 2017 by 11% relative to that in 2016, aftera
significant decline in 2016 (RAN 2018)"".

In 2017, as in previaus years, renewables saw the greatest Increases in capacity In the power sector, whereas
the growth of renswablas in the heating, cooling, and transport sectors was comparatively slow. Sectar
coupling—the Interconnection of power, heating, and transport, and particularly the electrification of heating
and transport—is gaining increasing attention as a way to increase the uptake of renewables by the transport
and thermal sectors. Sector coupling alsc allows the integration of large shares of variable renewable energy,
although this is still at an early stage. For example, China Is specifically encouraging the electrification of
heating, manufacturing, and transpart in high-renewable areas, Including promoting the use of renewable
electricity for heating to reduce the curtailment of wind, solar PV, and hydropower. Several USA states are
examining options for electrification, specifically to increase the overall renewable energy share (NEEP 201 Ty

3.1.1 TRENDS IN THE RENEWABLE POWER SECTOR

The capacity for generating renewable power saw its largest annual increase ever in 2017, with an estimated
178 GW of capacity added, The total global renewable power capacity increased by almaost 9% relative 1o that
im 2016, Solar PV additions reached a record high and represented about 55% of newly installed renewable
power capacity in 2017, The increase in the solar PV capacity was greater than the combined net additions to
the fossil fuel and nuclear capacities. For the first time, the installed solar PV capacity surpassed the global
operating capacity of nuclear power, Wind and hydropower Installations were in second and third positions,
contributing about 29% and 11% of the increase in renewable generation capacity, respectively (REN21-GSR
2018)".

In 2017, renewables accounted for an estimated 70% of net additions to the global power-generating capacity,
up fram 63% in 2016 (REN21-GSR 201&)". The cost-competitiveness of renewable power generation continued
to Improve, Wind power and solar PV are now competitive with the generation of new fossil fuel energy in
many markets, and even with existing fossil fuel generation in some markets. The costs of bio-electricity,
hydropower, and geathermal power projects commissioned in 2017 were mostly within the range of the cost
of fossil-fuel-fired electricity generation. Offshore wind prices also fell significantly in 2017, as competitive
tenders in Germany, the UK, and the Wetherlands resulted in bids that were competitive with new
comventional power generation, By the end of 2017, the countries with the greatest total instalied renewable
electric capacities were China, the USA, Brazil, Germany, and Canada. When only solar and wind capacities are
considered, the top countries were China, the LSA, and Germany, followead by fapan, India, and italy, and then
by Spain and the UK, which had about equal amounts of capacity by the year's end.

Seventeen countries have more than 90% renewable electricity, with the majority supplied almost completely
by hydropower, However, three of these, Unuguay, Costa Rica, and Ethlopia, also have significant contributions
{32%, 10%, and 7%, respectively] from wind power (REN21-G5R 2018)" Increasing propertions of variable
renewable electricity (VRE} must be integrated into electricity systems, and VRE penetration reached locally
significant levels in 2017. The countries leading the way with wind and solar penetration are Denmark [52%),
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Uruguay (32%), and Cape Verde [315%), with another three countries at or above the 25% YRE penetration
mark. Severnl countries and regions integrated much higher shares of VRE into thelr energy systems as
instantaneous shares of the total demand for short periods during 2017, e.g., South Australia [more than 100%
of lead from wind power alone, and 44% of load from solar PV alone on another cccaslon), Germany (66% of
Toad from wind and solar combined), Texas (54% of load from wind alone), and Ireland (60% of load from wind
alone) (Parkinson 201718,

Curtallment—the forced reduction of wind and solar generation—es an indicator of grid integration challenges.
In six of the jurisdictions with the highest VRE penetration, the curtailment rates were low {0%—6%) in 2016
{Wynn 20181, Although curtallment Initially tends to Increase as the VRE share Increases, some |urlsdictions
have successfully Introduced measures, such as transmission upgrades, that have sigmiflcantly reduced
curtallment (Wynn 2018], Integration challenges have led to high curtallment rates In China, the world's largest
wind and solar BV market (ECNS.CN 2018)%% These were reduced In 2017, with the average curtallment of
wind power for the year at around 12%, down from 17% In 2016, and the average curtallment of solar PV was
B%—73, down 4.3% relative to that in 2016 (Haugwitz 2018)*,

The angelng Increase in the growth and gecgraphic expansion of reniwable energy was driven by the
continued decling in the prices for renewable energy technalogles |in particular, for solar PV and wind power],
caused by the increasing power demand In some countries and by targeted renewable energy support
mechanisms, Salar PV and onshore wind power are now competitive with new fossil fuel generation In an
increasing number of locations, due In part to declines in system component prices and to improvements in
generation efficiency. The bid prices for offshore wind power also dropped significantly in Europe during 2016
{FT 12.9.20071%, Such declines In cost are particudlarky Impartant |n developing and emerging econcmies, and
In isolated electric systems [such as on islands or in isolated rural communities) where electricity prices tend to
be high {If they are not heavily subsidized), where there s a shortage of generation, and where renewable
enefgy resources are particularly plentiful, making renewable electriclty more competitive ralative to other
options. Many developing countries aré racing ta bring new power-generating capacities online 1o meet
rapidly increasing electricity demands, often turning to renewable technclogies (which may be grid-connected
ar off-grid) through policles such as tendering or feed-in tariffs, in order to achieve the desired growth quickly,

Approsimately 1.06 billion people, most in sub-Saharan Africa; lved without electricity In 2016, 223 milllon
fewer than In 2012 {IEA-WEQ 2016 IEA-EAQ, 2017*Y). Distributed renewables for energy access [DREA)
systems wera serving an estimated 300 million people at the end of 2016, and they comprised about 6% of
new electricity connections worldwide between 2012 and 2016 {IREMA-P 2017 In places where the
electricity grid does not reach or is unreliable, DREA technologies provide a cost-effective aption 1o improve
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energy access. For example, about 13% of the population of Bangladesh gained access to electricity through
solar home systems {SHS), and more than 50% of the off-grid population In Kenya is served by DREA systems
{Dahlberg 2018). Off-grid solar devices, such as solar lanterns and SHS, displayed annual growth rates of 60%
between 2013 and 2017 (Dahlberg 2008)*,

3.1.2 HEATING AND COOLING

Energy use for heating and cooling is estimated to have accounted for just over half of the total global final-
energy consumption in 2017, with about half of that used for industrial process heat (IEA-RE 2017)35. Around
27% of this was supplied by renewables, The fargest share of renewatble heating was from traditional biomass,
which continued to supply about 16.4% of the global heat demand, predominantly for cooking in the
developing world {IEA-RE 201713, Renewable energy —excluding traditional biomass—supplied approximately
9% of the total glabal heat praduction in 2017, up fram about 6% in 2008 (REN21-G5R 2[!13]".

Renewable heating and cooling receive much less attenfion than renewable power generation and has been
identified as the 'sleeping giant of energy policy” for the past decade [IEA-Collier 2018/ The use of modemn
renewable heat has increased at an average rate close to 3% per year since 2008, gradually increasing its share
of heat supply, but it lags well behind the average annual increase of 17% in madern renawahles far electricity
{IEA-RE 2017)*%, Renewable enargy technologies for heating and cooling include a variety of solar thermal
collectors for different temperature levels; geothermal and air-sourced heat pumps; bioenergy used in
traditional combustion applications or converted to gaseous, liquid, or solid fuels and subsequently used for
heat; and any type of rensewable electricity used for heating, Heat may be supplied by on-site equipment or by
a district heating network,

A wide range of temperature requirements exist, from temperatures of around 40-70%C for space and water
heating in buildings, to steam at several hundred degrees Celsius for some industrial processes (Awerfalk et al.
10-1?!3"' [USA-EPA 2[!1?]“. The varety in renewable heating systems and applications is much greater than in
the renewable power sector, which makes standardization to reduce costs by economiss at scale maore
challenging and makes it difficult for poficy makers ta find effective mechanisms to increase the renewable
share. Trends in the use of modern renewable energy for heating vary according to the technology, althoogh
the relative shares of the main renewabie heat technologies have remained stable for the past few years.

In 2017, bioenergy (excluding traditional biomass) accounted for the greatest share, providing an estimated
68% of renewable heat, followed by renewabie electricity at 18%, solar thermal at around 7%, district heating
at 4% |which was nearly all bicenergy), and geothermal at 2% (REN21-GSR 20181, Although additional bio-
heat and solar thermal capacities were added in 2017, the growth in both markets continued to slow. The
trends in direct geathermal heating are unclear. Bicenergy systems provide individual heating in residential
and medium-sized office buildings, either as stand-alone systems or in addition to an existing central heating
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system, and bioenergy also accounts for 95% of district heating (IEA-RE zﬂl?f". Dvistrict heating systems
are suitable for use in densely populated regions with an annual heating demand during . 4 months of the
year, such as in the northern part of China, Denmark, Germany, lapan, Poland, Russia, Sweden, the UK, and
the northern United States {IRENA-RE-H 21}1?13’. However, district heating supplies a very small progortion of
global heating needs. The majority of district heating systems dre fuelled by either coal or gas, with the share
of renewahbles ranging from 0%6-42% (IRENA-RE-H 20 1?#39_ Switching exlsting districting heating systems from
fossll fuels to renewables has considerable potential (IRENA-RE-H 21]1?359. Since the 1950s, Sweden has
progressively switched from an almost entirely fossil-fuslled heating supply to systems supplled by 90%
renewables and recyeled hoat [Brown 2018]%, District heating can combine different sources of heat, and can
play a positive role in the integration of VRE through the wuse of electric heat pumps, Solar thermal collector
instailations continued 1o decline globally in 2017, with a reduction of 3% {REN21-G5R 1013:" compared with
2016, but the markets in China and India remalned strong, In Europe, hybrid systems, in which solar thermat
systems ane used In comblnation with gasfired central heating or bloenergy, are becoming more commaon, with
speciallzed companies offering standardized technology.

Electricity accounts for an estimated 6% of the total heating and cooling consumption In bulldings and
Industry, with about hall of that electriclty estimated to be renewable (IEA-RE 201?:1’5. The Turther
electrification of heating and cooling drew Increasing attention In 2017, particularly in the United States and
China. Residential solar PY systemis are also increasingly comnected 1o electricity-using heal pumps la bulldings
rather than feeding the energy into the public electricity grid, especially when feedin tariffs for solar electricity
are reduced or have been entirely phased out. Space cooling accounts for about 2% (REMNZ1-G5R 201€)* of the
total world final energy consumption and is supplied almost entirely by electricity (IEA-RE 101?}"5. Solar-based
space-cooling systems are still in the minority compared with conventional air-conditioning systems.,

3.1.3 TRANSPORT

The giobal energy demand for transport increased by an average of 2.1% between 2000 and 2016 and s
respansible for approxirmately 29% of the final global energy use and 24% of GHG emissions {[EAWED 101‘?}‘1.
The vast majonty (92%) of global transport energy needs are met by oil, with small proportions met by
blofuels {2.9%] and electricity {1.4%) (IEA-WED 2017)*.

There are three main entry points for renewable energy in the transport sectar: the use of 100% liguid bicfuels
or biofuels blended with conventional fuels; natural gas vehicles and infrastructure (these can run on
upgraded blogas); and the electrification of transport (if the electricity is tsell remewable), which can be via
batteries or hydrogen In fuel cells, Biofuels (bloethanol and blodiesel) make by far the greatest contribution to
renewable transport. The owverall renewable share of road transport enengy use was estimated Lo be 4.2% in
2016, with nearly all of that from blofuels (IEA-RE 2017)". In 2017, global bioethanol production increased by
2.5% relative to that in 2016, with a slight decline in Brazil offset by increases in the USA, Europe, and China
[IEA QIL 101&}‘2. Biodiesel production remained refatively stable in 2017, following a 5% increase in 2016
relatiee to 2015 (IEA QIL 21}13#"2 The technology for producing, purifying, and wupgrading biogas for use in
transport is relatively mature, and the numbers of natural gas wvehicles |NGYs] and the assoclated
Infrastructure are Increasing slowly but steadily Internationally, Mary countries have relatively well-developed

oM EEMA-NE-H (2917, International Renewabie Enegy Agency (IREWA|, Renewatie Energy im District Hesting and Cocing: & Seckor Auardman
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NGV infrastructures, and NGYs provide a good entry point for biogas in the transport sector {IRENA-RV-
20171, The largest producers of biogas for vehicle fuel in 2016 were Germany, Swaden, Switzerland, the UK,
and the USA (IRENA-RY- 2017)* The main barriers to the further expansion of biogas for transport are
econamic, with supply costs of USD 0.22-1.55 per cubic metre {m?), compared with natural gas prices. which
are as low as USD 0.13 per m?. Howewer, the lack of consistent regulation and access to gas grids are also
significant barriers (IREMA-RV-2017)%,

Historically, the electrification of the transport sector has been limited ta trains, light rail, and some buzes. In
2017, there were signs that the entire sector would open to electrification. Fully electric passenger cars.
scooters, and bicycles are rapidly becoming common-place, and prototypes for heavyduty trucks, planes, and
ships were releasad in 2017 (Hawkins 2007§*, The number of electric vehicles (Evs) on the road passed the 3
million mark in 2017 {Guardian 25,12.2017). Annual sales are still anly a vary small proportion of the global
total [1%), but this is set 1o change. In 2017, partly influsnced by the scandal over diesel emissions cheating,
five countries announced their intention to ban sales of new diesel and petrol cars from 2030 (India, the
Metherands, and Slovenia) or 2040 (France and the UK) (Bloomberg 11.2017)*. The announcement of electric
product lines by car manufacturers in 2017 was ancther breakthrough. However, the number of EVs on the
road is dwarfed by the number of electric bikes. The global fleet was estimated to be around 200 million at the
end of 2016, most of them in China, and 30% of bicycles sold in the Metherlands were e-bikes in 2017 (Wang
2017)*. Electric two- and three-wheel vehicles account for lass than 0.5% of all tranzpart energy use, but they
account for most of the remaining renewable share after biofuals [IEA-RE 2017)%.

Further electrification of the transport sector will potentially create a new market for renewable energy and
ease the integration of wariable renewable energy, if market and policy settings ensure that the charging
patterns are effectively harmonized with the requirements of electricity systems, There are already examples
of countries and cities supplying electricity for both heavy and light rail froem renewable electricity, including
the Metherlands (Bl 2017}, Delhi (Times of India 2007), and Santiagn de Chile (CT 2007)*". Road transport
accounts for 67% of global transport energy use, and two-thirds of that s used for passenger transport.
Aviation accounts for around 11% of the total enargy uzed in transport (US-EWA-2007)%%, In October 2016, the
Internaticnal Civil Aviation Organization {ICAQ), a UN agency, announced a landmark agreement to mitigate
GHG emissions in the aviation sector. By the end of 2017, 106 states representing 90.8% of global air traffic
had settled on a global emisslons reduction scheme (Guardian 6.10.2016)%°, Together with technical and
operstional improvements, this agreement will support the production and wse of sustainable aviation fuels,
spacifically drop-in fuels produced from blomass and different types of waste (ICAD 20181*, In 2017, Norway
announced a target of 100% electric short-haul flights by 2040 (Guardian 18, 1.2018)%,
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Shipping consumes around 12% of the global energy used in transpart :L}S—EIA-IDI?}“ and is respansitiie for
approximately 2.0% of global C04 emissions. Thers are multiple entry points for renewable energy: ships can
incorporate wind (sails) and solar ensrgy directly, and can use biofuels, synthetic fuels, or hydrogen produced
with renewable electricity for propulsion. China saw the launch of the world's first all-electric cargo ship in
2017, and in Sweden, two large ferries were converted from diesel to electricity |n 2017 (China Daily
14.11.2017)%. In 2017, the International Maritime Organization fs {IMO fs] Marine Environment Protection
Committee {MEPC) approved a roadmap (2017 to 2023) to develop & strategy for reducing GHG emissions
from ships. The roadmap includes plans for an initial GHE strategy to be zdoptad in 2018 (IMO 2[]1?}“.

Rail accounts for around 1.9% of the total energy used in transport and is the most highly electrified transport
sector, The share of rail transport powered by electricity was estimated to be 39% in 2015, up from 29% in
2005 (IEA-LIC 2017, Just over 2 third of the electricity (9% of rail energy| is estimated to be derived from
renewable sources “EA—LII{: 2017}, Some jurisdil:riuns are opting to ensure that the proportion of energy from
renewable sources In their trensport sectors is well above the share of renewabie energy in their power
sectors. For example, the Dutch railway company NS announced that its target to power all electric tralns with
100% renewable electricity was achisved ahead of schedule in 2017 (Caughill 2017)°F and the New Saouth
Wales Government in Australia announced a renewable tender for the Sydney's light rail system,

Following the historic Paris Climate Agreement in December 2015, the international community has focused
increasing attention an the decarbonisation of the transport secton, At the climate conference in Movember
2017 in Bonn, Germany, a multi-stakeholder alliance launched the Tansport Decarbonisation Aliance [UN-P
2018)™. France, the Netherlands, Portugal, Costa Rica, and the Parls Process on Mobility and Climate (PPMC]
are members of the Alliance, which includes countries, cities, regions, and private-sector companies
cormmitted to ambitious action on transport and climate change (LN-P 20‘19}"‘“.

3.2 ACCESS TO ENERGY THE 7™ SUSTAINABLE DEVELOPMENT GOAL

The growth of megacities and the slow process of providing access 1o energy services are closely related, and
in many cases two sides of the same coin, Young people leave the rural areas for large cities due to the lack of
professional opportunities, while access to energy is fundamental to sustain economic activities and alleviate
poverty. For well over 1 billion people around the world, obtaining access to the energy required to meet very
basic needs remains a daily struggle; In rural areas-of many developing countries, as well a5 some urban slums
and peri-urban areas, connection to central electric grids is economically prahibitive and may take decades to
materizlize, if at all (REM21-GSR 2016), Recent progress has been too slow to meet changing needs,

In 2013, the United Mations Development Programme (UNDP) launched the Sustainable Energy for All
imitiative to ald in accelerating the rate of Increased energy access for the least developed countries. The first
step in the process was to develop a central database in order to make previously dispersed information available
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to decizion makers, The UMDP = in cooperation with a number of other energy advocacy organisations such as
the IEA and RENZ1 — published the Global Tracking Framework®” report, providing a statistical overview of the
progress of energy access between 1990 and 2010, Information from these reports combined with new data
from the BEN21 Global Status report provides a clear plcture of progress in this area.

3.3 ENERGY ACCESS PLANNING FOR DEVELOPING COUNTRIES

Between 1990 and 2010, an additional 1.7 billien people worldwide gained the benefits of electrification,
while 1.6 billion people secured access to penerally less polluting non-zolid fuels. Furthermore, the successful
Implamentation of energy efficiency measures led to a significant reduction in energy Intensity, As a result,
economic grawth and the growth of energy demand began to disconnect. This is 2 significant change that
avolded 2,300 exajoules of new energy supply aver the past 20 years; in other words, without these measures
the global energy demand would have bean 25 per cent higher during that period. In addition, renewable
energy supplied a cumulative giobal total of mare than 1,000 exajoules between 1990 and 2010, comparable
to the combined total energy consumptiom of China and France over the same period (UNDP 2013},
Unfortunately, the rapld demographic and ecanomic growth aver the last decades has 1o some extent diluted
the impact of these advances. Between 1930 and 2010:

& the proportion of the world’s population with access to electricity and non-solid fuels grew 1.2
per cent and 1.1 per cent respectively each year

& renewable energy supply grew by around 2 per cent per annuim

= energy demand grew by 1.5 per cent per annum

As a result, the global renewable energy share increased from 16.6 per cent in 1990 to 18 per cent in 2010
(UNDP 2013) — an average of only 0,07 per cent per yvear. The majority of successful electrification In the past
took place in urban areas, close to cities where the electrification rate was twice as high as In remote areas.
Even with this significant expansion, however, electrification only |ust kept pace with rapid urbanisation in the
same period so that the overall urban electrification rate remained relatively stable, prowing from 94 to 95 per
cent across the period (UNDP 2013),

Impravemants to indeor cooking with open fires mainly in rural aréas are an Important factor in increasing
public health, particularly in developing nations. Globally, almost two million deaths each vear from
preumonia, chronic lung disease and lung cancer are associated with exposure to indoor air pollution resulting
from cocking with blomass and coal; 39 per cent of these deaths occur In developing countries, Almost half
the global population {45 per cent] still rely on solid fuels for household use with dramatic impacts on health,
particularly for children and women. Some 24 per cent of these deaths occur in children; of the adult deaths,
GO per cent scedr in women in developing countries (UNDP 2013).

Status guo: Access Lo energy services

Currently, approximately 1.5 billion people in developing countries lack access to electricity and around 3
billion people rely on solid fuels for cooking. Mare than every second person without access to electricity lives
in Sub-Saharan Africa, The entire African continent has 2 total installed capacity of approximately 150
gigawatts — equal to one-seventh of Europe’s power plant capacity — and consumes about the same amaunt of
electricity as Germany, while Africa’s population s 12 times larger. In {South) East Asia and the Pacific, less
than 200 million peopte lack electricity access, but almost 1.1 billion people rely on solid fuels for cooking
(UNDP 2013).

Ui 2013 The Enemgy Access Situation |n Developing Coormries: & Revies Focusing on the Leess Dewstoped Countries and Sub-Sahaman Alrce,
Sday 2013 hibtp:ffwesw. und p.orgfrordenifundgpdent home/ i ypagefmusronment-eregyfsusinrahle_soeguitcR-resouresglnbeltracking-
tramewort et
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Flgure 1: Access to clean cooking facilities in developing countries, 2014 (RENZI-GSR 2017)
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Figure 2: Status quo: Distributed renewable energy technologies for energy access

Distributed renewable energy (DRE) systems need to praovide electricity for lighting, communication and srmall
businesses, as well as energy for residential heating and process heat for applications such as in the
agricultural sector and cooking. DRE systems can serve as a complement to centralised energy generation
systems, ar as a substitute (REN21-G5A 2016}, These technologies and systems must cperate reliably and with
low maintensnce requirements ower many years, with multiple proven benefits including:

o impraved health through the displacement of indoor air pollution

s reduced greenhiouse gas emissions

» enabling of small business activities

# increased security, for example, via street lighting at night

# enhanced communications and facilitation of greater quality and availability of education
through access to affordable fighting.
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Table 1; Enamples of Distributed Renewable Energy Lse for Productive Enargy Sorvices [REN21-GSR201E)

| ENERGY SERVICE | INCOME-GENERATING VALUE | RENEWABLE ENERGY TECHNOLOGIES

Irrigeuon Better crop yields, gher-veslue crops. greeter rellebdity  Wind, solar P, omass, micro-hydo
di'Etian systams, anabling of crop growth during
ptiodks when mearkot grcies am highar

st ien BReuding, extenson ol opeiing boues Wi, sliar P, Buieimistsns, rhikcsi- by,

geothermel

Grireding, miling, Creation of vake-added products from raw agricultural Wind, soler P biomass, micro-hydo

haslong commodities

Dirying, smaking Craation of velus-added products. preservation of Biomass, solar heat, geothermal

[preserving with products that enables sals in higher-valus markets

procis et}

Expeding Production of refined ol from seads Bigmaras, solar Heat

Ttanapart Renching i mirkels Biarms (biodiemws)

TWrodio comguter,  Support of enteriement busiresees, edoction, access Wind, solar P, bomess, micro-hydro,

Intarnst, telephone 1o market news. co-ordination with suppliers and geotharmal
distribidorg

Hattary charging ‘Wida rangs of servses for end-users Wind, solar P biomass, microe-hydm,
g hone chargng businessk canthmmal

Helrigjesr o Seiling eoaled pioducts, incessng the darability of Wined, sl P Dieirmanss, rhicio-hyc i
praducts

There are three maln categorles of energy access technology designs. The cholce depends on a variety of
different faciors, one af them being the geographical situation. Furthermaore, system designs also serve
different business concepts and each of these models has advantages and drawbacks. Standaione, isofated
devices and systems for power generation at the household level as well as for heating, cooking and
production use mini or micro grid systems to supply whole communities with gridbased electrification, where
the grid is extended beyond urban and peri-urban areas (REN21-G5SR 2016},

Energy access market development: Power
According to the most recently available data, an estimated 26 million househobds for 100 million pecple)
worldwide are served through DRE systems (REMZ21-GSR 2016],

» 20 million househalds with solar home systems.

» 5 million houssholds with renewables-based mini grids (mainly micro-hydro).

« 0.8 milllon households supplied by small-scafe wind turbines.

Markets for DRE systems continue to grow rapidly, with some countries already experiencing comparatively
high market penatration.,

Cooking with firewood, gas or electricity

A variety of technologles can provide cooking services in different capacities, with cormresponding variances In
performarnce and cost. Wood, charcoal and dung are still widely used around the world as fuels for cooking: dung
is a major coaking fuel for about 185 million peopie. & number of substitutes already exist, including improved
and cost-efficsent biomass cook stoves, biogas cook stoves and electric hot plates powered by SHS or mini grids.
While electric cooking has reduced the consumption of firewood and/for charcoal by between 10 per cent and 40
per cent, biogas stoves — which are more widely used - offer a reduction In consumption levels of between 66
and B0 per cent [RENIZ1-GSR 2017}, Electric cooking costs are expected to decrease in line with reducing
electricity generation costs for decentratised renewables, in particular solar photovaltaic (WFC-2015)%,

™ WFC [Z009] - Baymad he Tire ~ Horw 10 sChkows sleomic cooking, Toby O. Couture [E3 Anaytcs), Dr. Duid tacchs [IET = Iniarnational Emegy
Traraibie GmbH, Doo Maeset Harmy Cement [Mivos], Anns Ssoeron (WL Wodd Fudure Coonol, Sermame Mey 1000

2d




100% REMEWABLE ENERGY FOR BANGLADESH
Figure 3: Costs of various cooking technologies [RENIL GSR H1T)
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4 METHODOLOGY AND ASSUMPTIONS

4.1 THE ROLE OF SCENARIOS IN ENERGY POLICIES

increasing the access to energy in developing countries requires tharough planning based on comprehensive
infarmation on all aspects of the energy sector. Scenarios are necessary to describe possible future
development paths, giving decision-makers a broad overview of the implications of various options. A scenario
is by no means 3 prognosis of what will happen, but an “if-then™ analysis that provides decision-makers with
an indication of how they can shape the futura energy system.

Three scenarios have been developed to show possible pathways for Bangladesh's future energy supply
system:

1} REFEREMCE scenario based on Bangladesh's Power System Master Plan 2016 and reflecting a continuation
af the status qua. |far mare details see 5.5)

2} RENEWABLES 2.09C scenario focused on renewable energy in the stationary power sector while the
transport and industry sectors remain dependent on fossil fuels (for more details ses 5.6.)

3} REMEWABLES 1.5°C scanario for a fully decarbonisad power sector by 2030 and a fully renewabla energy
supply system = including for the transport and industry sectors = by 2050 {for more details see 5.6.)

Changes to energy markets require lang term decision-making because of the potential changes in reguired
infrastructure are not dependent on short term market developments, Without long-term planning for
infrastructure the power market cannot function optimally. Grid modifications and the rollout of smart
metering infrastructure, for example, require several years to implement. These technologies torm the basis
for the energy market and enable energy trading. Energy scenarios show the effects of different policies and
inform about possible costs and benefits as well as required infrastructure such as power grids.

This report specifically looks at possibilities to increase energy access for all citizens from the current 75 per
cent [2015: 69% in rural and 94% in urban areas) to 100 per cent within just over a decade. The Institute for
Sustainable Futures of the University of Technology Sydney has developed the methodology to simulate a
bottom-up electrification fraom mini grids towards an interconnected national power grid on the basis of three
energy models.

4.2 MODELLING OVERVIEW

The [R]E24/7 energy access pathway methodology was developed by the Instituts for Sustainable Futures [ISF]
at the University of Technology Sydney {UTS) and based on the long-term energy scenario model of the
Inztitute for Thermodynamics of German Aero Space Centre (DLR), energy models developed for warious
UTS/ISF surveys and the [R]E24)7 model. The following section explains the methodology and provides an
overview of the required input parameter, basic functions and calculated outpots.

The entire modelling uses four modules:
I. GIS analysis:
a. for a regional analysis in regard to population, renewable energy resource and
infrastructure
b. to define the cluster break down,
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Il. Long-term energy scenario:
a. for along-term energy development pathway
b, to develop detailed national energy plans including cost- and carbon emissions analysis.

Iil, Demand and load curve projection:
a. for detailed demand development analysis
b. to develop hourly load profiles for full yvears (8760 hours).

IY. Hourly cluster analysis for one year:
a. for detailed supply analysis
b. to develop detailed regional energy access anr:lll"nr energy development plans.

Figure 4: Overview — Modelling concept
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4.3 [R]E 24/7 - GIS MAPPING TOOL

The primary purpose af geographic information system (G15) mapping Is 1o ascertain the renewable energy
resources |primarily solar and wind] available in Bangladesh, |t also contributes to a regional analysis af
geographic and demographic parameters as well as available infrastructure that could be leveraged in
developing the scenarias,

For this project, the mapping has been undertaken with the computer sofiware "0GIS". QGIS is-a crosspiatform,
free and open-source desktop GIS application that supports viewing, editing and analysis of geospatial data. it
analyses and edits spatial infarmation in addition to compesing and exporting graphical maps and has been
used to allocate salar and wind resources 25 well as for demand projection for each calculated region,
Population density, access to electricity via the central power grid or mini grids and the distribution of wealth,
or the economic development projections, are key parameters for the region-spedfic analysis of Bangladesh's
future energy situation.
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Open source data and maps from various sources are used to visualise the country and its regions and
districts, The regions and districts are divided as per the energy cluster concept based on tramsmission lewels
{described in detail, further in this section), Further demographic data retated to population and poverty, as
well as infrastructure for centralised transmission networks, power plants and decentralised minl grids,
instaliations, etc,, are also plotted on the map.

Tabbe I; [REE 247 - GIS-mapping - data sources

Rosogns. Bangladesh Bureau of Sratisnics (BBS)
Land vaefTand cower ‘Wiorkd Food Pragramsns

Pogulation Dersity WarldPop. 2007

Foser plints Warkd Rasourcas Instituin

Solar irradeance Solartzls

Tramsrmaaion lines and network. BREL

Wind speed Walshls

Wind speed data in metres per second at different levels was obtained from ESMAP under the Waorld Bank. For
this analysis, wind speed at a height of 80 meters was used to determine the electrichty generation potential.
Wind speeds are categorised and mapped within the range of & te 12 metres peér second to galn an
understanding of the potential of generation across the country, with speeds under 5 metres per second
ignored In order to plot optimal sites. Land cover types were constrained to bare soil, annual cropland,
perennial cropland, grassland and ocean, and offshore water bodies (ocean) within 50-120 kilometres of the
coast were included in the analysis. As such, It accounts for both onshore and offshore generation potentlal.
Similarky, solar irradiance data was sourced from ESMAP, World Bank. The average yearly DM| (Direct Marmal
insolathon/lrradiation] values range from 1 to 5 MWh/m' per year, and data categorised by DN was mapped to
estimate the potential of selar photovaltale in Bangladesh,

In order to avold conflict with competing wses of land, only land cover types of bare soil, perennial cropland
and open bushland were Included in the analysis, The area of land avallable for potential solar and wind power
peneration was calculated at a natlonal and cluster level using the ellipsoidal area tool in the OGIS processing
toolbox, Intersects were created between the transmission level layers and the solar/wind utility vector layers
to break down the total land area avallable cluster wise. A correction was put In place for sites that Intersected
the cluster boundarles and were part of two transmission levels. This Input feeds into the calculations for the
Energy Access Model as described below.

4.4 LONG-TERM SCENARIO MODELLING

Historically, heating, electricity and maobility have been guite separate in terms of their energy sources,
requiring different infrastructure and therefore planning — electricity for stationary pawer, petrol and diese| for
mobllity and ensite heat for buildings and industrial processes, Things are changing, however, with Increasing
electricity projected for use In heating and mobility, such as via slectric vehicles, As such, It 15 important 1o take
an integrated approach across heat, mobillty and electriclty/stationary power when developing future energy
system scenarfos, as this model does.

The long-term madelling approach wsed in this research (s the development of target-orientated scenarios. In
this approach, a target is set, and technical scenarios are developed to meet this target and then compared to a
reference case. The sceparlos are based on detalled Input data sets that conskder deflined targets, renewable and
fossil Tuel energy potential and specific parameters for power, heat and fuel generation in the energy systems.
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The data sets are then fed into the IT-[RIE 24/7 which |s based on DLR model that uses MESAP/PlaNet
software, an accounting framework for the calculation of the complete energy systern balance to 2050, The
simulation model PlaNet that includes MESAF, an energy and environmental planning package (WMESAF, 2008}
created to assist long-term strategic planning 4t a natlonal, regional or local level.

FlaMet consists of two independent modules:

1} a flow calculation module, balancing energy supply and demand annually, and

2} a cost cafcutation module for the calculation of the corresponding generation and fuel costs.

The LT-[R]E 24/7 model uses the same methodology as PlaMet - a fiow calculation which uses a set of linear
eguations that can be solved sequentially. Please note that this ks not a dispatch madel, such as the |RIE 24/7
power sector model used to ealculate a further regional and hourly power, or a technical grid simulation
{including frequency stability) such as DIgSILENT's Power Factory, which is out of the scope of this analysis.

The LT-[R]E 24/7 madel is a bettom-up Integrated energy balance medel. Different medelling approaches each
have thelr benefits and drawbacks; this model & particularly good at helping policy makers and analysts
understand the relationships between different energy demand types In an economy . across all sectors and
over a longer time pericd, Gsually 30 to 40 years.

In a simulation medel, the user specifies the drivers of energy consumption, Including forecast population
prowth, GDPand energy intansities. Specific energy Intensities are assumed for:

= electricity consumption per parson

s the industrial heat demand to GDP ratlo

s demand for energy services, such as useful heat

s different transport modes.

For both heat and electricity production, the model distingulshes between different technologies
characterised by their primary energy source, efficlency and costs. Examples include biomass or gas burners,
heat pumps, solar thermal and geothermal technologies, and several power generation technologies such as
PV, wind, biomass, gas, coal, nuclear, comblnad heat and power.

For each technalogy, the market share with respect to total heat or electricity production is specified according
to a range af assumptions including targets, potential costs and societal, structural and economic barriers.

The main outputs of the model are:

+  final and primary energy demand, broken down by fuel, technology and sectors of the economy as
defined by the International Energy Agency [(IEA), Industry, power genération, transport and other
{buildings, forestry and Msheries)™

+ results broken down by the three main types of energy demand . alectricity, heating and mobility
{transport); specifically, the required energy, technalogy deployment and financlal investment for each
of these energy demand Lypes

o total energy budget, being the total cost of energy for the whole energy system

’

v energy-related gregnhouse gas emissions over the projection period.

¥ pinte trese induriry sechor correspand to [ER eregy st input inta the madel
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4.5 [R]E 24/7 - POWER ANALYSIS

Energy demand projection and load curve caleulation are an important factor, especially for energy supply
concepts with high shares of variable renewable power generation, In calculating supply security and required
dispatch and storage capacities, The detalled bottom-up projection of Increased access to enargy on the basis
of used applications, demand patterns and household types allows a detalled demand forecast. Infrastructure
needs such as power grids in combination with storage facilities require an in-depth knowledge of local loads

and generation capacities.

Flgwre 5: Dvendew - energy demand and load curve caleulation module

Inputs Model Outputs
Ecomcmic situation n [SG0R] .ﬁ.rl:::ttr::nd Lioad eurves for
Ecamamic development in [%/a] in [Mwha] 9 hausehold types
Population developmant in [persons] B inadustry sectors
Population develegment in [%/al L 22 trapsport technalogeas
Hosrhald type distribution irs (MR

Calculate Regional distribution
Rigonal distribution of GOP
¥ Reygional Load disssibution resulting averall load curve far

Riganal atstrinution of househalds o Sl ol b it

4.5.1 ENERGY DEMAND PROJECTION AND LOAD CURVE CALCULATION

The [R]E24/7 Energy Access model calculates Tuture power demand development and the resulting possible
load curves. Actual load curves — particularly In developing countries with low access to energy rates — do not
yiet exlst and must be calculated based on a set of assumptions,

The model generates load curves and resulting annual power demands for three different consumer
Broups//Sectors:

e households

» industry and business, and

& fransport,

Whille zach sector has it speciflc consumer groups and applications, the same set of parameters are used to
calculate load curves:

s electrical applications in use
s demand pattern [24hours]
s efficiency progress (base year 2015) for 2020 until 2050, in S-year steps.
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Methodology: Load curve calculation for households
The mode| differentiates 9 household groups with various degrees of electrification and eguipment:

# Rural = phasel:;

Rural — phase 2:
Rural — phase 3:

# Urban single:

# Urban shared Flat:

& Urban = Family 1:
& Urban - Family 2:

Suburbia1:

Suburbia 2:

Minimal efectrification stage

White goads are introduced and increase the overall demand
Full equipped westarn standard household with electrical cooking
and air conditioning and vehicle(s).

housahokd with minimal eguipment

3-5 persons share one apartment in the centre of larger cities.
Full equipped western household, but without vehicles.

2 adults -3 children - middle income

2 adults mare than 3 children and/or higher incoms

average family, middle income, full equipment high transport demand
due fo extansive commuting

High'income household, fully equipped, extreme high transport
demand due to high end vehicles and extensive commuting.

The following electrical equipment and applications can be selected from a drop-down menu:

Lighting:
Cooking:
Entertainment:
White goods:

» Climatisation;

‘Water heating:

4 different light bulb types

10 different cocking stoves | 2+4-burner, electricity, gas, firewood)
3 different computer, TV and radio types

2 ditferent efficiency each for washing machines, dryes,

fridge, freezer

2 different efficiency levels each for fan, air-conditioning

& selection of direct electric, heat pump and solar

For details about the household demand projections and categories developed for the Bangladesh analysis zee
section 5.1.8

Load curve calculation for business and industry
The industrial sector is clustered in B groups based on widely used statistical categories:

Agriculture
Manufacturer
Mining

Iren and steel

Cement industry
Construction industry
Chemical industry
Service and trade

For each sector are between 2 and b different efficlency levels available. The data is taken from internatiomal
statistical publications [IEA [E{I'IE:I“', IREMA {2016)%, DLR (2002)%].

= |E& {20161, Word Enegy Balanoes, #01E

*! Repar citation IAEKG |2015], AEmap: Roadmas for a Renewalile Energy Fulure. 2016 Editon. Intermationat Renesaic Erorgy AGEncy

IWRENAL Aliu DHabl wesw [neva, srg/raman

DR @, (201T) Largfristsaenaton und Strategien Tr den Austai der arpesrbamn Esergon bn Deutschiand biei Beriickcuontigueg dar
Entwichlung in Doropa wrsd global Schiusabericht BRIL - FEE DIMAPLEE (DLR|, |(IWES], |IFRE), 28 March 2062
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Load curve calculation for transport
The transport sector is divided Into individual, public and frelght, with the following technologies:

Individual transport
s two-wheeled: bicycle, e-bike, scooter, e-scooter
s combustion engines: small, medium and large (SUV) car
s electric vehicles: small, medium, farge feel cell

Public Transport
& llght rall {electric)

rall {electric)

rall [diasel)

minl-bus {diesel)
minl-bus {electric)

targe bus (diesel)

farge bus electric/fuel cell

Freight transport
battery electrle transport (medium siza)

fuel cell/eiectric transport (large)
diesel transport [medium)
diesel transport [large)

The varlous vehicles can be assigned to the analysed sectors of households, Industry and trade.

Load curve generatlon via demand pattern
The energy intensities for varlous Industry sectors: small- and medium businesses and transport technologies
are derived from the long-term model (see 4.4) and further broken down by hour Heavy industry sectors are
assumed to regulre baseload, while public- and individual transport are expected 0 need baseload with
demand reduction frem midnight untll 5am,

The development of household profiles is based on interviews with local households in Bangladesh about
typleal demand patterns. with the specific times for meals and thelr preparation, sverage equipment featunes,

ete., used for the calculation of possible load curves,

4.5.2 THE [R]JE24/7 DISPATCH MODULE

Though the dispatch module for the [RIE24/7 energy access model has been developed specifically for
developing countrles, integral parts have been taken from the model developed for analysis of generation and
sterage needs for a micro grid on Kangaroo |sland {Dunstan, Fattal, James, B Teske, 2016) and Australian
Storage Requirements (ACOLAYY. The key objective of the modelling s 1o calculate the thearetical generation
and storage requirements for energy adegueacy for each cluster and for the whale survey region.

In 2008/2019 the [R]E 24/7 power analysis model was further developed for a global energy scenario model
(Teske et al. 2019},

B Rubcrita, 4, lavess, G Tedke 5, Mpofa 5., Lehay 8 Biars, T, and Almendes. 0, 3007, SomAge Raquinemsnts for Soliable Bacticsy in daseralla Repon
premared by thie ieeainuee foe Scectanabbe Futroes Aor phe Australian Councl of Loamad Acadambes (ACOLA]

“ Tagka ot 3 2009, Achiovng tha Fars Cimat Agreement Gaals - 2018 Giobal and Reglona 100% Reneswabia Enorgly Soananos weh NononorgyGHE Ratfmays
far +1.5°C and +3°C, So¢inpar Mature, Open Accass, BN 7B30300SR43T joriing| STEI0AN0SE42S |printl, Fetsuany J01%
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Figure & provides an overview of the dispatch calculation process. The dispatch order can be changed in regard
o the order of renewables and the dispatch power plant, as well as the order of the generation categones:
voriable, dispatch generation and storage. Key inputs include the generation capacities by type, demand
projections and load curves for each cluster, interconnection with other clustérs and metearclogical data to
calculate solar and wind power genaration in hourly resolutions, Installed capacitles are derlved from the long-
term projectlans described in 4.4, while the resulting annual generation in megawatt hours is calculated on the
basis of metecralogical data (I case af solar and wind) or dispatch requirements,

Figure &: Dispatch order within one dusiar
Demand In |calculated load profiles by cluster)

Wariable RE (wind, utility solar, rooftop solar C oncentrated Solar
P wiesr )

Storage capacity within cabculated cluster
Dispatch generations: bioenergy, hydro, coal, gas, OCGT etc.
Interconnection with ather clusters

While the MESAP/PlaNet based REZ4/7 mode (Teske 2015)% simulstes power flows across multiple voltage
levels including the high voltage transmission level, the present model iteration does not include

different woltage levels. The interconnections of clusters are limited to directly connected and/or neighbouring
regions in regard to voltage levels.

Overview: input and output = [R]E 24/7 energy dispatch model

Figure 7 provides an averview of the input and cutput parameter and dispatch order. While the modal allows 2
change in the dispatch order, the 100 per cent renewable energy analysis always follows the same dispatch
logic. The model identifies excess renewable production, defined as potential wind and solar photovoltaic
generation greater than the actual heurly demand In MW during a speafic hour,

In order to avoid curtaiiment, the surplus renewable alectricity must be stared in some form of electric storage
technology or exported to a different cluster. Within the model, excess renewable production accumulates
through the dispatch order. If storepe iz present, it will charge the storage within the limits of the input
capacity. if no storage s included, this potentlal excess renewable production is reported as ‘potential
curtailment’ |pre-storage). It has been assumed that a certain amount of behind-the-meter consumer
batteries will be installed, Independent of system requirements.

= Tashn, § (D01, Thesk, Bridgng tho Gap héiween Enevgy- amd Grid Modais Dewilopkiy w Intayrated mbasoeciunel planaing medel Roo
100 sunre mbikd wndrgy systerns in onder io opinmd2e the nbeocboo of Rasible powes geearation, smart grids s sromge tuchedingias,
chaptor X, Unkersity Flankhiug, Sermans
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Figure T: Overview: input, output and dispatch order
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4.6 EMPLOYMENT ANALYSIS

The methedology outlined in this section comprises of two dimensions: the total employment in the energy
sector and the occupational breakdown. The methodology for analysing the total employment in the ensrgy
sectar was first developed in 2009 for the Greenpeace Energy |[R)evolution study (see Rutovitz et al., 2015;
Rutovitz and Atherton, 200%). This methodotogy has been updated for a global energy scenario project by UTS-
ISF, in partnership with the German Asrospace Centre (DLR), Institute for Engineering Thermodynamics,
Department of Systems Analysis and Technology Assassment {STB), and funded by the Leonardo DiCaprio
Foundation [Teske, 2019) and the German Greenpeace Foundation (Greenpeace Umweltstiftung).

4.6.1 TOTAL EMPLOYMENT IN THE ENERGY SECTOR
4.6.1.1 Overview of methodology

Thizs study projects the total employment in the energy sector against twa scenarios: A 2.0°C Scenario for 100%
renewable ensrgy and @ reference case 5.0°C Scenario. Employment is projected for each of scenarios from
2015 until 2050 for Bangladesh, The calculations are based on a series of employment multipliers and the
projections for energy use and capacity, Only direct employment is included, namely jobs in construction,
manufacturing, operations and maintenance, and fuel supply associated with electricity generation and direct
heat provision. Anoverview of the total employment methodology is given in Figure 8.

Figure 4: Total employmaent calculation: methodological overview
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The main inputs for the quantitative employment calculations are outlined balaw,
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4.6.1.2 For each scenario (2.0"C and 5.0°C):
" the electrical and heating capacity that will be installed each year for each technology,

</ the primary energy demand for coal, gas, and blomass fuels in the electricity and heating sectars;
 the amount of electricity generated per year from nuclear power, oll, and diesel.
4.6.1.3 For each technology:

o 'eemployment factors’, or the number of jobs per unit of capacity, separated Inte manufacturing,
construction, operation, and malntenance, and per unit of primary energy for fuel supphy;

o for the 2020, 2030, and 2050 calculations, a ‘edecling factor' for each technology, which reducss the
employment factors by a certain percentage per year, This reflects the fact that employment per unit
decreases as technology efficiencies improve,

4.6.1.4 For Bangladesh - in comparison to OECD:

" the percentage of local manufacturing and domestic fuel productlon In each regian, to calculate the
proportions of jobs in manufacturing and fuel production that ocour in the region;

" the percentage of world trade in coal and gas fuels, and traded renewable components that
ariginates in each region.

+ a'eregional job multiplier’, which indicates how Iabour-intensive the economic activity is in that region
compared with the QECD, | used to adjust the QECD employment factors because local data was not
available,

+ a set of 'edecline factors' for each technology, based an the projected costs for that region in the
Reference Scenario,

The figures far the Increase in electrical capacity and energy use from each scenario are multiplied by the
employment factors for each of the technologies, and then adjusted for regional labour intensity and the
propartion of fuel or manufacturing that coours lacally,

A range of data sources were used for the model inputs, including the International Energy Agency, US Energy
Information Administration, BP Statistical Review of Warld Energy, US National Renewable Energy Laboratory,
Interpational Labour Qrganization, World Bank, industry associations, nathonal statistics, company reports,
academic literature, and the UTS-I5F"s own research.

These calculations only consider direct employment; for example, the construction team required to build a
new wind farm, They do not include indirect employment; for example, the extra services provided n a town
to accommodate the copstruction team,

The calculations do not include jobs in energy efficiency because this is beyond the scope of this praject. The
large number of assumptions required to make these calculations means that employment numbers are only
estimates, especially for regions where few data exist. However, within the limits of data availability, the
figures presented are representative of employment levels under the given scenarios,
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4.6.1.5 Employment factors

Employment factors were used to calculate the number of jobs required per unit of electrical or heating
capacity, ar per unft of fuel. The employment factors differ depending on whether they invelve manufacturing,
construction, operation and maintenance, or fuel supply. Information about these Factors usually comes fram
QECD countries because that is where most data are collected, although local data were used wherever
possivle. For job caloulations in non-0ECD reglons, regional adjustments were made when a local factor was
not avallable. The employment facter for India |s used for Bangladesh In our calculations, the factor §s shown In
Table 3.

Tabde 3: Summary af emplayment factors

Conirciion/ Manubactis Ing Dperations & Fusl = Primary energy
wiatdllalhivn v | b i e e iand
Job pEars W Job yEars /MW Jobs MWW

Coal 114 5.1 0.14 Regeanal
Gax 138 19 0.14 Pegianal
Ricicar 118 13 (iR .00 ::I\:'hr;:;::ur‘l: fimal
Blomass 140 19 L5 #.9 Jobs P
Hydm-large 7S 33 [
Hydra-small 15.E 111 4.4
Wind ans hire 1.0 34 0.3
Wind offshare 6.5 136 015
() 130 6.7 o7
Gaathmrmal (] ERE ] o4
Solarthemmal Ba a0 o7
Dcean 1.3 .3 0.6
Gaathe rmal = heat 6.3 jabi/ MW jconstruction and manufaciuring |
Solar— heat &4 jabs / MW [construction and manufacuring |

Nuelear decommiscaning 0.95 [obs per MW decommiss iDned

CH P technolagess use the actos far the t=chrology, L e cool, gos, biomass, geo thermal, i,

Capghined histand power incrensed by a factar of 1.5 lor G&M anly

4,6.1.6 Coal fuel supply:

The employment factors Tor coal are particularly important to have at the regional level, because employment
per tonne varles significantly across the world reglons and becauwse coal plays a significant rale in energy
production in many countries, In Australia and the USA coal is extracted at an average rate of more than 9000
tonnes per person per year, whereas in Europe, the average coal miner is responsibie for less than 1000 tonnes
per year. China has relatively low per capita productivity at present, with 650 tonnes per worker per year, but
the annual increases in productivity are very high, India and Eurasia have significantly increased their
productivity since a similar analysis was performed In 2015. Local data were alse used for gas extraction In
every region except India, the Middle East, and Non-OECD-Asia. The calculation of coal and gas employmaent
per petajoule (Pf] drew on data from national statistics and company reports, combined with production
figures from the BP Statistical Review of World Energy 2018 (BP-5R 2018) or other sources. Data were collected
for as many major coal-producing countries as possible, and coverage was obtained for 90% of the warld coal
production

Table &: Emgloyment lactors used for coal fued supaly [mining snd associated jobs)

Fl'llplh.llpl'llﬂll1.‘ll1llf Tonmes porperson per year (cosl

labs per @l

World average 362 G4l
Inidia {and Eangladesh) 334 1008
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4.6.1.7 Regional adjustments

The employment factors wsed in this model for energy technologies other than coal mining were wsually for
OECD reglons, which dre typlcally wealthier than other reglons. A reglonal multiplier was applled to make the
|obs per MW more realistic for other parts of the world. in developing countries, there are generally more jobs
per unlt of electricity because those countries have more labour-intensive practices.

The multipliers change aver the study period, consistent with the projections for GOP per worker, This reflects
the fact that ax prosperity increases, labour intensity tends to fall, The multipliers are shown in Table

Table 5: Reglonal multipliers used for the guantitative caleulation of employment

2020 1

DECD (Morth Amarica, Eurape,

Pacific] 10 10 1o 1.0 10
Latim America i4 34 34 33 148
Africe 5.7 5.1 55 52 48
Middie East 14 15 14 14 1.2
Eastern Europe B urasia 14 24 1.2 20 18
India [+Bangladesh 7.0 55 37 7 2.2
Developng Asin 6.1 53 4.1 15 il
China 8 i3 LG 13 1.2

Spurce| Derived from ILO (2013) Key indicators of the Labour Market, eighth edition sottware, with growth in GGP per
capita derived from IEA World Energy Outlook 2018 and Weorld Bank data.
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5. SCENARIO ASSUMPTIONS

5.1 BANGLADESH COUNTRY OVERVIEW

The country averview is based on research by the Coastal Development Partnership [CDP) and the
‘World Future Coumcit {WFC).

5.1.1 POLITICAL CONTEXT

Bangladesh is a single state under a presidential parliamentary democratic system. The parliament of
Bangladesh is based in Dhaka, The current parliament is the 11" of Bangladash with 350 members. Palitical
power since Independence in 1971 has remained highly centralised around Inherited political |eadership

positions.

Bangladesh is currently embarked on its seventh S-year plan (2006-2020)%F and s Perspectives Plan (2010-
2021)%, Underlying tha Perspectives Plan is Bangladesh's Vision 2021 which aims to turn Bangladesh into a
middle-income country by 2021 - the 50" anniversary of the country's independence. The Perspectives Plan is
a roadmap for this vision constituting the country's sustainable development agenda. It aims to develop
Bangladesh into a resourceful and modern, reslilent econamy through efficient use of information and
communication technalogy which has been described by the Prime Minister as turning Bangladesh inta a
"DHgital Bangladesh". To do so, the Vision's targets are to: 1) become a participatory demacracy; 2) to have an
efficient, accountable, transparent and decentralized system ol governance; 3] to become a poverty-free
middle-income country; 4) to have a nation of healthy citizens; 5) to develop a skilled and creative hurman
resource; 6B o become a globally integrated regional economic and commercial hub; 7) to be erwirenmentally
sustainable; and 8} to be a more inclusive and equitable society, These eight goalz were identified after a one-
year long activism of Bangladesh's civil society throughout 2006, when local tevel dialogues were held scross
the country®.

In order to achieve these goals, the Vision 2021 and the Parspective Plan identified the following pricrity
areag™:

/" Ensuring broad-based growth and food security;
" Addressing globalization and regional cooperation;

S Providing energy security and development and welfare;
Establishing a knowledge-based society;
Building a sound infrastructure;

“ RS

Ensuring effective governance;
+"  Mitigating the impacts of climate changs;
Creating a caring society;

<

" Promoting innovation under a "Digital Bangladesh".

= o, Lped: gos bdupload ed Docomet/ Un tFubliction f L7351 7th_FYP_18 (2, 7016 pdf

F hope /fbangadosh gov b e dotsat) Nies fao bang] adem gov.bd/page‘Socesata 5857 _AESE_ hoes. 1 ¥55E407 [EROS Perspoctase: Plnaol
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5.1.2 DEMOGRAPHIC CONTEXT

Bangladesh iz a densely populated country in South Asia, bordering Burma and India, Bangladesh has an
estimated 2019 population of 168.07 million, up from the 2013 estimate of 1565 million. This makes
Bangladesh the Bth most populous country in the world. " Through the 1980s and 19705, the birth rate in
Bangladesh was amang the highest in the warld but that started to slow down considerably in the 1980s. The
fertility rate is now at 2.4 children born per woman. Bangladesh has a fairly young population with 34% agad
15 and younger and just 5% aged &5 and oldar.™ |t has a population density of 1138 persons per km”®, 12% of
the total population lives in 20 cities = half of that urban population lives in Dhaka, Over 80 per cent of the
population living in rural areas™. Profections for population and economic growth are important factors in
enargy scenario-building becausze they affect the size and composition of energy demand, both directly and
through their impact on economic growth and development.

Table &: Bangladesh's population and GOP projections

2015 W20 2025 2030 2035 2040 2045 2050
GOF |billion 5/a) 195 261 ETE] 533 713 36 1,161 1221
GOP P arsen [Skapim| 1232 156L 2,132 2,886 1716 4,705 5,836 6,232
Papulation [rreiltian] 158 167 175 184 194 199 199 195
M5 MAS-  2020-2005 2025  2030-2035 2035~  2040-2005  204S-
2050 2020 2030 a0 050
Econpmic growth % fa] ] 6.0% T.a% Faun 811 53% 4.4% 1.0%
P opulation grawth [% fa] 1% 1.0M L.0% 1.0% 0.5% 0,0% 0.3%

5.1.3 ECONOMIC CONTEXT

Desplte being among the five fastest growlng economies of the word™, Bangladesh s one of the world’s
poarest ecanomies In terms of per capita Income, averaging USS 1750 per year’® — equivalent to less than 15
per cent of the global average. The per capita Income is between low income countries (LSS 785) and lower
middie-income countries {USS 2,192 according to the World Bank definition and database (World Bank 2019),
The Bangladeshi economy has been ldentified by Goldman Sachs as one of the "Next Eleven” economies
globally (Buckfey 2016)™, The annual GDP growth was stable over 5% since 2004 increasing to arcund 6.5% 1o
7% per year since 201% {World Bank 2019)

The sustained economic expansion has resulted In increased demand for infrastructure to support continued
prowth in industry and In services such a5 telecommunications, transport and energy. Bangladesh's econgmy Is
transitioning away from its historic rellance on the agriculture sector’®, with the industrial sector st to grow at
9-10% annually while service sectar growth is forecasted at a still robust 6% annually (Buckley 201617 This
Increasing share of the economy by the Industrial sector has implications for the electricity sector, both in
regard to the overall energy demand (both for heat and electricity] as well as for higher electric loads which
requires Infrastructural changes (power lines), The population and GDP shown In table & are based on
projections of the Bangladesh government which have been uzed for the Power System Master Plan 2016
(PSMP 2016)%,

™ er |l Popdatinn Rirsdes | 200 ] bk e LTI
T Caficaibited with clats from Werkd Popdalion Riedies | 2019) s/ bk ] itz
itk e e bk :rm'v-u'ru-pl..'l'uuturu."}lﬁw;‘ﬂﬂ.’hnlgl-mdmlﬂnmmll uh.rilu-mn.l-luppmnlhuhllﬂl.- cari-piialain-high-grovak
" ikl e i bk erpfcoumryfbangladsh
™ Ruckkey o, al [S018) Bargiasish Becirciy Trarw@ian: & Diverew, Secune anel Dullatbaniesy Wieg Forsard, [nsbisite for Ensmy Erenoeecs anil
Finunchal v bis {IFEFA), Nove mbar 2000, Tim Bockkey, Simen Micholes and Saia lane Shined
T ut, this drienliaieal septor, daapite centrbutiog any sraind 175 s Che coasse iy GOP, s srount L85 ol (ke ik Toree of thi country
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5.1.4 SOCIAL CONTEXT

Poverty in Banglaodesh has been dedlining considerably. Yet, Bangladesh still remains in the "Low Human
Development” category of the global Human Development Index [HD), ranking 136th out of 189 countries™.
In 2015, about 25 percent of the population lived below the national poverty line, down from 32 percent in
2010 and 49 percent in 2000. Despite this considerable improvement, according to the UN Human
Development Index 2018, more than two-fifth (21.1%) of Bangladesh's population is living with
multidimensional poverty and nearly one-sixth (16.2%) lives with severs multidimensional poverty™. The
Ineldence of poverty in Bangladesh |5 highest in the Rangpur and Barfsal administrative divisions and northern
Dhaka. According to BBS Census of Slum Areas and Floating Population 2014, the number of siums has
increased by 366% and the number of slum dwellers doubled, more than 2.2 milllan people live In slums™.
Each year, around half a million people migrate from climate vulnerable areas to Dhaka, increasing the number
of slums further™,

The participation of women |0 économic activities |s very limited, due to thelr responsibilities in thair
houzseholds {fetching water, collecting blamass or fuel wood etc.), lack of ownership aof land and missing
opportunitios for employment, due to scoio-cultural practices. Female labour force participation s around 34%
- a5 compared to 82% for men. In addition, women only eam roughly half of what their male counterparts
earn, These differences put an additional burden on women-headed households in poverty-stricken wrban
areas. Entrepreneurship is imited to men and only a quarter of women have their own bank account, making
them virteally dependent on their husbands.

.15 ENVIRONMENTAL CONTEXT

Bangladesh will be among the most affected countries in South Asia by an expected 2°C rsa in the world's
average temperatures in the next decades, with rizsing sea levels and more extreme heal”. Despite the
Inslgnificant share of past and current greenhouse gas emissions, Bangladesh has been trying to adopt a
sustainable, low-carbon development pathway since 2009 and further with Vision 2021, In spite of the globally
comparativily low emissions, Bangladesh bs one of the countries which ks most vulnerable to climate change
and ranks 6" according to the Global Climate Risk Index 20165, The country will suffer an annual lass-of 2% of
GOP by 2050 (ADB, 2004)", due to the adverse effects of climate change, Surface prone to such climate
catastrophes — char land, flash flood prone land, coastal tidal regions, hilly areas etc. - constitute around
41% of the country's land. Climatle hazards such as flooding, droughts, eyclones and Auctuations in temperature
and rainfall are freguent. Indeed, a severe cyclone strikes the country every three years™, one-fifth of the
country 1s flooded annually and extreme floods oven swallow up Lo two-thirds of the country™, This forces
poor rural households to migrate to urban areas, in fact, 26,000 people lose their land due to flooding and
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related soll erosion every year™. In 2010, nearly 0.6 million people were dizplaced by natural disasters in
Bangladesh®. By 2050, sea level rise could displace as many as 20 million people In Bangladesh®™. The
southern region of Bangladesh may lose 40% of productive land if 65cm sea level rise happen by the 2080%°, In
Bangladesh, the salinity affected area has Increased by 3.5% durlng 2000-2009 perlod™. Within a decade
{fram 2000 ta 2009}, saline water intrusion increased up ta 15 km north of the coast and reached up to 160
ke Imtand In the drey season due to low flow from upstréam rivers™, The area exposed to high salinity {5 ppt)
will increase around 24% by 2080% and the population exposed to high salinity [>5 ppt) will be around 14
million in 2050°, Between 1970 and 2010, river salinity has increased from 2 to 10 times™

5.2 POWER SYSTEM MASTER PLAN - 2016

Bangladesh has published a Power System Master Plan (PAMP] in 2016, The followlng section docements this
master plan and is taken from the originol executive summary (PSMP 201515

The Power Systern Master Plan (PSMP) 2016, sponsored by Japan nternotional Cooperation Agency (JICA),
oims ot ossisting Benglodesh in formulating on extensive energy and power development plan up to the year
2041, covering energy bolance, power balonce, and borlff strategies. Bongladesh has an asplration to became o
highincawme country by 2041, The development of energy and power infrastructure therefore pursues not only
the quantity but alsa the quality to realize the long-term economic development, Since Bonglodesh 15 fecing (o
the depletion of domestic gas supply, various issues such as sustoingble development harmanizing with
economic optimization, Improvement of power quality for the farthcoming high-tech industries, and the
discipline of operation and maintenance (D&M for power plonts need to be oddressed holistically,
Furthermars, energy subsidy is also o tough challenge, becouse there's always o concern that drastic increose
of fuel ond electricity prices may trigger another negative gffect on the notional economy. A meticulous
onalysis i5 required to find the best pothwoy o ottoin the sustoinability of the energy and power sectors in
bﬂ]‘nncfﬂg with the economic growth. The mew PESMP study covers all the afﬂremenr.ianed challenges
comprehensively, ond come up with feasible proposals ond oction plans for Banglodesh to implement.

The People’s Republic of Bongladesh (hereinafter “Bangladesh™) mainly depends on Domestic Notural Gas. The
Government of Bongladesh formulated the Power System Master Plan 2010 (PESMP2010] targeting, among
others, for o long-term energy diversification due to the foreseen decrease in the production volume of Natural
Gos. However, energy development s pot on trock compared with the PSMP2010 plan, becouse various
ossumptions ohout expected sources for bose lood energy hove subseguently chonged, in porticulor, o review is
needed reflecting ramely exponentiol increasing of ol bosed rental power plants and development constroints
of domestic primary energy.

Currently, many of power plonts in Banglodesh connot generale electriclty as specified (n terms of power,
thermal efficiency ete. for each unit, Daily shortoge of power does not allow to stop focilities ond to undertake
perfadical malntenance fn a planned way. Lega! fromework does not stipulate preventlve mainierance waorks
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os on ohiigation for plont owner. Low financial soundness of puebiic generoting companies due to lfow electricity
toriff does not permit to purchase in odvance necessary spore parts. I order to secure o stoble electricity
supply, we need fa find out splutions ta all of these issues and to estoblish o comprehensive Institutionol
Sfromework. Moreover, hydro power generation studies fon small scale hydropower plants of 30 kW to SMW
ond o pumped storoge power plant os o regulotor between demaond ond supply] hove become an urgent issue
through the government s remewable energy promotion policy.

Based on the ofd policy of the Govermment of lopan for Banglodesh, the Jopan lnternotionol Cooperation
Agency [NICA) is considering the power sector as one of priority oreos ossisting Banglodesh not only by Yen
Loans to the construction of power plonts (gos combined cycle, super-critical wsing import cool ohd
hydropower), tronsmission and distribution lines ond development of renewoble energy but also by Techinicol
Assistonce such gs the master plan for energy efficiency. JICA {5 thus supporting the entire power and energy
sector It wos under such circumstonces thot JICA decided to undertoke the Power Systerm Muoster Plan 2016
(PSMIP201E) in order te grosp middle to long term development issues ond risks and to formulote o
comprehensive and result-arfented oid strotegy for the energy sector by examining effective opprooches. for
each issue. After the start of this survey, fowever, the Government of Banglodesh announced, in its new palicy
“Vision 20417 an important target of becoming one of bhe developed nations by 2041, Consequently, for the
power ond energy sector which receives guite dominant development budget, it hos become pewly necessory
to secure the consistency between the economic development strategy of the country toword joining the
developed countries and the master plan of the power and energy sector (PSMPL. With such consistency only,
JICA will be able o moke the best use of the result of this survey as bosic informiation far the future
cooperotion.

To study consistency between gn economic growth strategy and PSMP. on odditional survey on estimated
chorges af the industrial structure that will ke brought by the coming strategy ond o precise forecast of future
demang of primary energy and corresponding supply policy must be added to this survey, since the power
sector is ane of the lorgest sectors which cansume primary energy. It was therefore decided o estimate in this
survey the most rationol ord proboble demond and supply scenarios of primary energy for other sectors than
power sector such os fertilizer, industry, commerce and transportotion. Moreover, the power sector will be
required to cope with the chonges of industrigl structure in fine with the economic growth os expected in order
for Bangladesh to join the developed notions. Specifically, improvement of the quality of electricity is
indispensable giver the wiew of the government that sophistication of industries 15 generally essertiol for the
nation to become one of the developed countries.

After the commencement of this survey, Banglodesh started considering aiso o specific plan to expand power
import from neighbouring countries such os Indio, Bhuton and Nepol. Usually, internotional cooperotion in
power systerm is oriented toward direct cooperation by means of alternate current ond, to do so, quality of
electricity is required to be equivalent or better thon that of counterpart countries. It is therefore necessary for
the promotion of internationol cooperotion to improve the guality af electricity. Since this ssue will be o
concern to the entire power sector in revising PSP it was also decided to odd to this survey collection of
additional basic information ond examination of feasible measures responding to the specific needs af guality
improvement. Therefore, the collection and analysis of the information on the plon for the supply ord demand
for primary energy sources gnd the needs for the improvement of the quality of power supply were included in
this survey thot hod consisted of the revision of power development plan and the studies on the institutiono!
reform for the improvement of 0&M and the introduction of hydropower generation, This inclusion of the new
survey subject enobled the formulation of o mew moster plan thot covers not anly the power sector but oiso the
energy sector comprehensively and describes the interfoce between the two sectors. The new master plan is
the output of the first joint survey of the two divisions in the Ministry of Power, Energy ond Minerol Resources
{AoPEMR), Power Division and Energy Division, ond this survey is expected to serve os o good precedent of the
cooperation between them in the implemerntation of policies in the power ond errergy sectars.

This master plan provided the basis for the reference tase described in section 5.7.

41




100% RENEWRBLE ENERGY FOR BANGLADESH
5.2.1 ECONOMIC DEVELOPMENT PROJECTIONS FOR POWER SYSTEM MASTER PLAN

Table 5 and Flgure 5 compares the actual performance of GDP growth rate with the projected growth rate in
PSMP 2010 and the target of GDP growth rate in the Sixth Five-Year Plan that was set forth by the GOB in
2011, During the period of the Sixth Five-Year Plan, Bangladesh achieved annual average of 6.3% growth rate.
This was higher than the actual growth rate in each of the past five-year plans (1%- 5" and the result implies
that the country started taking a path of rapld economic growth (PSMP 20161 However, the economic
growth rate still underperformed the target of the Sixth Five-Year Plan (average 7.3% growth) every year and
the gap were widened In the later years. The actual growth rate was also lower than the projection of
PSMPZ010 that expected the Bangladesh economy to attain 7% growth. The main factor of this gap s
supposed to be the delay of economic refarms far inducing further economic growth, The country may not be
able to fully reap the opportunity of economic development and the growth rate may continue
underperforming the government's expectation unless econamic policles to promote the development are in
place as planned [PSMP 2016)7%

Table 7: Bangiadesh - PSMP2010 Review |Economic Development |
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5.2.2 ENERGY DEMAND - STATUS QUO

Bangladesh's natlonal energy demand Is based on residential needs — about half of 2015 needs — and
commercial, Industrial and transport demand. [PSMP 2016)". Bangladesh’s per capita electricity consumption is
very low — 310 EWh per year in 2014, compared to East Asia and Pacific average consumption of 3677 kWh per
year, and the 2,500 BWh per annum global average consumption [WORLDEANK 2019)%,

5.2.3 ENERGY DEMAND - FUTURE PROJECTIONS

Government plan until 2041

The Bangladesh Power Systemt Masterplan 2016 identified an energy demand development based an econamic
growth projection by sector until 2041, Final enpergy consumption outlook and the sectoral breakdown in the
BALU scenarin, The demand development in Figure 10 would increase from 1,400 Pl in 2015 to arcund 2,800 P)/a
{67,000 ktoe) In 2030 and about 5,000 Pifa (120,000 ktoe) in 2040,

The PSMP expects a rapid advancement of industrialization in Bangladesh with a shift in the industrial sector
from labor-intensive industries like ready-made-garment {RMG] to energy-intensive industries, As a result,
energy consumption In the Industrial sector would increase rapldly. Furthermore, the PSMP suggests that the
transport sector grows parallel with per capita GDP leading to increase private wehlcle ownership from the
middle of the 20205 onward, This would lead to a transport energy consumption significantly excesding that of
the residential sector.

Energy demand growth is estimated to be slower with the Bangladesh "Ensrgy Efficlency and Conservation
Master Plan up to 2030 (EECMP] which has been formulated in March 2015, supported by JICA, With efficiency
measure Identified in the EECMP the demand in the PSMP 2016 Energy Efficiency Scenario would increase to
2,500 Pifa (60 hroe) in 2030 and 3,750 Pifa (90 Mroe) in 2050, Figure 10 shows the projection of final energy
consumption under the PSMP Energy Efficiency Scenario which ls the basis for the REFERENCE case calculated in
oisr analysis.

Figure 10: Bangladesh - Projection of Final Energy Consumption (Energy Efficiency Scenario)
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5.2.4 ENERGY SUPPLY - 5STATUS QUO

Supply s dominated by natural gas jover 50%) followed blofuel and waste {approx. 25%) mainly for cooking and
oll (around 17%), Coal and renewable electricity supply less than 5% of Bangladesh's national primary energy
PSP 2016,

Gas: Gas Production from the current domestlc gas Nelds In 2015 was 962.7 Pifa (2,500 mmscid®”) and reached a
peak production of 1040 Pifa (2,700 mmscfd) in 2017, then start to decline. However, Gas demand in Bangladesh
forecasts a significant increase in the Tuture, The demand and supply gap must be filled by gas (LNG) Imports,
First LNG supply will be introduced |n 2019 at the rate of 192.5 Pifa [500 mmsefd), which corresponds to 17% of
gas demand. This percentage s forecast to Increase to 40% In 2023, 50% in 2028, and T0% in 2041 (PSMP
2016)",

Coal: Bangladesh currently has only one coal mine with a production volume of 680,000 tons in 2015 (PSMP
2016)95, The REFERENCE case reguires to expand local production as well as increased import of coal. Both
cases reguire a significant investment In new coal Infrastructure and to bulld up local knowhow,

Oll: Bangladesh’s current oil annual demand & around 5 millien tons, and the self-sufficioncy rate | only at 5%
The REFEREMCE case would lead to drastic oll demand growth: & times higher in 2041 than In 2016 (average
growth rate 7.4% p.a), even under the "Energy Efficient and Conservation Scemana”. Accarding to the PSMP
2016, Bangladesh has several plans to extend or newly develop ol refineries; howeyer, If the oll demand grows
as projected, oll Imports will be mandatory to meet the demand and keop Increasing.

5.2.5 ENERGY SUPPLY — FUTURE PROJECTIONS

The PSMP 2016 projects five different supply scenarios, all of them are dominated by fossil fuels while the share
af gas, oil and coal varies. For the development of the REFENCE case, the PSMP 2016 primary energy supply
SCEMNARID 3 has been chosen,

Tabie 8: Bangladesh - Projection of Primary Energy Supply = PSAMP 2016, SCENARID 3

Frimary Energy 5 ources aoa AWML Annwal growth rate
P4 fal el share [Fijal  [woe]  share (201 4-41]

Mansral Gas 868 0,726 5h%- 2,100 5,149 IEH 33K

il {incl, crude o and refined products | 262 6,263 1T LMa 32,153 5% G.2% fa

Coal 37 1,361 TH L1100 6,273 0% 12.7% M
Muclear - - = 500 11,942 9% -
Renewabls (excl, bio enargy| ] £l % | 197 0%, B.5% 8

Blo energy &Waste 154 Baan 21% 171 4,086 i% -2T%
Impart [Fower) 16 r? 1% 252 6,027 5% 10.8% fa
Tatal 1544 35,888 100 5477 130B27  100% 4E% A

2.2.6 POWER SECTOR — STATUS QUO

The pervious Power System Management Plan — published in 2010 [PSMP2010) suggested an [neresse of 10,000
MW power generaticn capacity, actual addition wheee at £,000 MW which s about B0% of the plan, because of
delayed power plant construction which had been planned and necessary infrastructure such as ports - essential
o stable fuel imports supplied via marlne tanker - have not béen

established.
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The current Power System Management Flan of Bangladesh will lead to a total dependence on technology and
fuel imports. and will leave the energy industry dependent on world market development with little or no
possibliities to influence energy costs In the future. Local renewable energy resources are largely ignored in the
PSMP 2016 and a detailed analysis of the ranewable energy potential is lacking.

The possibility to tap into Bangladesh's solar photovoltalc resources as well as the relatively high affshare wind
potential are left untouched. Decentralized power generation and offshore wind which could provide
employment 1o the rapidly deciining gas industry are not considered.

5.2.7 POWER SECTOR — FUTURE PROJECTIONS

The PSMP 2016 identifies short- and medium-term power development plans which consider the current and
possible load demands, [uel supply as well a8 existing infrastructure for fuel supply, powes generation and
electricity transport. This includes possible retirement needs for energy infrastructure - especially power plants
= which reach the end of their technecal lifetime. The specific data is documented in the “Data Collection Survey
on Integrated Development for Southern Chittagang Region™ [Southern Chittagong MP Survey), Long- and "ultra-
long™ term plans (L 2035 and beyond 2040) are coverad under the PSMP 2016 to some extend as wall. Figuie
11 shows “SCENARIO 3™ of the PSMP 2016 which is the basis for the REFERENCE case.

Figure 11: Bangladesh - Developmeant of power generation capacities under SCENARUIO 3 of the PSMP 2016
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The PSMP 2016 relies to 70% on fossil fuel-based power gemeration = 35% gas and 35% coal = while the
remaining supply is covered to a large extend by imports and new nuclear power plants. The power




1000 RENEWABLE ENERGY FOR BANGLADESH

supply of Bangladesh under SCENARID 3 will almast entirely be dependent on foreign resources (coal and gas),
foreign technology know-how [nueclear) and foreign efectricity infrastructure {power lines from India), Indigenous
renewable energy resources will continue to play a minor role. Furthermore, the PSMP 2016 states that
Bangladesh has only a very limited repewable energy potential,

5.2.8 ENERGY ACCESS SCENARIOD

The ENERGY ACCESS SCENARID [EAS) Is a bottom up electricity demand analysls which has been used for the
RENEWABLES 2.00C and RENEWABLES 1.55C case. The EAS aims to Increase access to energy — especially
eleetricity — for all by 2050 while increasing the electrification and comfort standard to the level of industrialized
countrigs, The growing ccenomy requires a reliable power supply for small and maedium businesses {SME's],
industry and the transport sector. It is assumed that households will wuse modern and energy-officient
applications according 1o the highest efficiency standards to slow down the power demand gronarth, and to allow
the parallel expansion of energy infrastructure and the construction of renewable power plants. The
electrification will be organized from the "bottom up’ In a new and Innovative approach developed by UTS/I5F; 3-
Step-Solar-Swarm Grid [35G) expansion —from pleo-grid via micro-grid to tranamission grids.

According o povernment statistics, 78% (hitps:fftrackingsdg? esmap.org/country/bangladesh) percent of
Bangladesh's population has access to electricity (up from only about 20 percent in 1990}, Electrification rates
are highest In wrban areas, where only about one percent lack access to electricity, In rural areas, 34 percent do
not have electricity. Electrification rates have improved in recent years because of rapld acceleration of grid
connection to rural areas, coupled with the installation of solar home systems—since 2003, about 3.8 milllan
salar hame systems have been installed, benefiting about 20 milllon people in 2015(SREP 2015)™, The authors of
this anabysis define “access to energy™ as a rediable access to energy services 24 hours a day, 365 days a year

Solar home systems [SHS) provide enough electricity to power bright efficient LED lights, radios, mablle phones,
Tws, DC fridges and a variety of further household and consumer appllances. However, this development s not
cufrently caordinated with the natlonal grid expansion plang of the Bangladesh povernmaent. It [s important fof
Bangiadesh to develop a technical and economic concept along with a real test case, 1o intercennect SHS o a
micro grid in-a first step and, in a second step, several micro grids to a distribution power grid, equal to those in
industrialired countries. As a third and final step, distribution grids will be interconnected to a transmisseon grid.

The industry will continue o expand on-site power genaration (aute-produce) for their own supply — wheraver
possible with cogeneration plants — and as dispatch power plants for balancing high shares ol grid-connected
utility-scale solar PV and wind. Fuel will move from natural gas to biogas andfor hydrogen and synthetic fueis
after 2030,

5.2.8.1 Energy access — household demand

The analysis of current and future development of the electricity demand for Bangladesh's households was done
from the second half of 2018 onwards under the leadership of the Coastal Development Partnership (CDP)
Bangladesh in cooperatlon with the World Future Council (Germany) and Bread for the Warld (Germany). The
future development ef the household demand has boen discussed during a multiple stakeholder workshop with
representatives from Bangladesh's academia, civil society and government in Dhaka/Bangladesh in March 2019,
Table 7 shows the current electricity demand and used electrical appliarces of households in Bangladesh 2019,
This survey formed the basis for the demand development projection for electricity for the residential sector
wntil 2050 for both REMEWABLES cases. The 11 categories have been further reduced to 5 househaold types to fit
the [R]E 24/7 madel.
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Table 9: Bangladesh — Results of housshald electricity demand survey fram January 2019
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For the electricity demand development until 2050, the following categories have been usad:

Table 10 Household types used in both RENEWABLE cases and assumed annual electricity demand

Household ype Bangladesh survey Average anpual electricity
demand
Rural - Phase 1 - Very low-income reral hodsehold 490 kWh/e
Low income rural hoos ehald
Aural - Phase 2 Lowor mddle-mcome rural hows ehold 11040 kW hia
Rural - Phase 3 Ugp per middle-income rural household 4 000 kW h/fa
Urban —Single . Very low-incame urban househald 450 kWhi'a
Urban/Shared App. - Lower middla-income urban housshabd BA5 kWh/'e
Urban - Family 1 - Middle ineome houdehalds (urban and rural) 1,600 kW H
Urban - Family 2 - Upper middle-income urban househokd 2,500 kWhfa
5 uburbia 1 - High mcome rural household 3,200 kWh
5 uburbla I - High income urban household a,000 kW h/a

The eiectric applications for each of the nine househald types will gradually increase from those with very basic
needs, such as light and mohile phone charging, to & hausshold standard matching that of Industrialized
countries, Ta phase out unsustainable biomass for cooking, a direct leap from cook stoves to ekectrical cooking is
assumed. The third phase of a rural howsehold Includes an electric oven, fridge, a washing machinge, alr-
conditioner and entertainment technofogies and aims to provide the same level of comfort as households In
urban areas in industrialized countries. An adjusted level of comfart for househalds In the city and in rural areas
aims to prevent residents — especially young people — from leaving their homeland and maving into big cities
Rapidly expanding cities proved problematic as infrastructure for transport and energy supply and the
requirements of residential apartiment bulldings cannot match the demand, often leading sockal tensions.

According toe the most recent data published by Bangladesh Bureau of Statistics (BES) published in December
2016, on average BS per cent of Bangladesh's households have access to electricity. Howewver, the percentage
varies significantly between urban households (94,1 per cent) and rural households (68.5 per cent)98. However,
the majority of households had an annual per capita demand around or under 100kWh per year. The analysis
presented In this report assumes more electrical applications leading to higher annual power demands per
household

The following tables {Table 9 till Table 16} show the mast recent avallable statistical data about the situation of
electricity and energy supply and demand of households in Bangladesh. This data has bean wsed as an Input far
the future electricity demand projection.

Table 11 Bangladesh enargy access statistic

I dbc a'toes M1k

P oo laton [in mficnd 162 ¥ 108 158 5 158 154 7
wu:’r—'unu&tcn L3 rowth 1.3% 1.36 1.37 137 137
PDEu|:|h-c|rl Donsiy (persg, kml 11803 105 100 # JE 3 L0 5
Pieoass 0 Elecriciy o Sounce of Lghti'% | E5.3 Bl.3 ¥7.9 ar.B B6.9
Pcouss an Solar as S ourcoe af Light (%) 5.8 5.6 5.4

ise Karosane @t S owrce of Light{% ) B.B 3.0 16.3 1.4 2.3
foume - Beporion Banglodesh Sample Via| Smbstes 2017, fanglsdesh Buresd of S Eistcs |BES |
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Table 12: Bangladesh Electricity connections In pareent

Eiectricity Canne clione #n the Houwsehaldel %) Both Rurdl B Urasn
Hamue of the 0F vislons & olar Ma Cannpcion
Barlsal 62.7 a1 16.9 16.5
L hittag ong 56.3 236 7.4 T.6
Dhaka 5.6 4.4 5.4 I8
K hialna Bi.4 [el ] 48 7.1
Mymensingh 61.3 1.5 5.B 14.4
Rapshahl| 65,3 18.2 31 8.7
A angpu r 61.5 15.6 5.7 17.3
% ylhot ﬂi.tl 11.7 12.7 5.0
M atioral 6.7 14.5 16 11.0
£ ouoe :Eanal.:desh Buremau of ‘Sluﬂ:l [LBs |, I_{I-E.'-': R eport on the O pliven & urvey on P awer & ”EFI‘" 2016-17

Table 13: Population with access to electricity in B ang ladesh

Access b electricity in Bangladesh (% of population|

Lirkan Rural Tatal
a4 .1 [ 75,57

rban Fural Toml
a0, 7 51.4 62,4
Sourie 1 hitps fida ts worldbank.org AndicatonEG.ELC ACCS. LR T5 ?lacationsvAD

Table 14: Access to electricity for households in Bangladesh

Total Hural UWrban Total Rural Urban
ficcess to electricity 1o hows sholds | %) 7592 | eeBs | wany | ss3s | azas | sado
foource : BES, 2017; Preliminary Report an Mousehald Income gnd Expend iture S urvey 2016, Banglodesh B orsau of 5 wtistics
BAS |, Seatstics and Informa ics Division (510 Ministey of Plasming, Gaovemment of The Papples Repiblic of Bang ladesh,
Dctaber, I017

Tahle 15: Energy use by howschald type and region

Housdhald © i ra ot iy Bivigian

Lrbanf§ Bacishal JChattopram JObaks | Khiilna | Rajbah | Rang put | § glhet

B ourc a6 of I_|.ﬂ'|t

eebic ity 85.3 | 7E.6 | 93.5 B33 5.4 8541 EQ.6 BZ.& 8.7 Ed.1
bnm-:r:r': B8 1208 49 .6 1.4 5.7 6.3 13.1 5 [
i afar 5.8 9.3 1.5 0% 8.2 4.8 ] 4.0 ar 53
others 0.1 d.1 0.1 0.4 i1 .1 1 8 .1 4.0 0.1
boure & of cooking fued
b el ead 0.2 | 44.3 § 12 E 25.7 7.0 Pl | . 52.0 M9 1.7
At 3,5 3.3 3,7 i3 3.0 4.4 44 B.5 .7 25
ute stickwond/ bamboa 41.3 § 45.3 § 35.4 533 40.3 LB 538 26:3 49.3 47.7

EROE B (3 .3 (1.4 .3 .2 .4 3 1.3 i 0.3
El.e.-_l,-:u_u,-,. 1.0 .2 2.0 0.6 0.6 0.5 11 1.3 2.0 a3
Gan £3.1 1.5 44 .1 16.1 .E_vH.i i_E-.': 1.4 11.6 - 4% .8

thers G 9.5 0.5 0.5 2.6 0.4 1.4 1.0 (L5 LE

ource = BLS. 2017: Report an Bangladesh § pmiphe Vitsl Statiatics 2007, Bang ladesh E-Lr'-z_uu of State oy [BRES |

Tahle 16: Household use of electricity for cooking

1] a 5 Ui

Earsal 5.0 8.7 7.2
C hitkagoang 13.8 14.% 12.7
Dhaka 2.1 E.8 158
K hiulna 1.4 168 6.0
Hl.lrr:n:lrmh 7.1 B.0 G.l
H.:I|L12!1I 13.3 1d .15 11.89
R anppisr 14.5 11.0 7.4
5 wlhiet 6.5 5.9 7.4
Nabanal 1.1 11.1 3.1
fooiirce | Bang desh Burssu of Stanstcs [BRS |, 2017- Repod on ihe Dpinion S urvey an P ower Supply 3016-17
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Table 17: Household sizes by {geographic) region

Bariihal C K miag ranm Ohea ka ¥ hailnia Haphah| A ang piet
1 1.4 1. 33 3.1 40 41 1.9 a0
d 5.5 B5 13.2 11,7 1d.6 10.3 ri 10,8
3 206 17.6 21.1 2313 3.9 1.2 15.2 0.7
4 3.6 24.1 ir.3 .5 3.2 0.9 3.1 4.2
5 19.9 10.5 1B.1 17,1 16.1 18.3 19.6 18.4
] 5.9 12.0 9.0 T8 [ | 8.4 13.5 55
T 4.4 b.2 4.0 2.4 2.9 35 g.d 4.5
B 3.1 a5 .1 LE 1B 1.7 5.3 2B
5 0.6 L6 0.7 0.7 0.7 0.8 2.3 1.0
10+ 0.9 2.1 1.0 0.8 0.9 0. 3.7 1.4
Tatal 10089 1000 100.9 1000 1000 1000 1000 100.0
Avarage 4.2 4.5 4.1 4.0 19 41 50 4.2
Eource : RepartonBangladesh 5 amaols Vitsl § tatlstics 2017, Banplade sh Bureau of §tastcs (885 |

Rural Consumption pattern: Banglodech Ruenl Elecirification Board with Its B0 Palli Bedyut Samities has connected 23.6
million consumers (77.2% of the total electricity consumers), Among the Bangladesh Rural Electrification Board consumer,
9% domestic/residential, 1.0% Irtlgation, &,3% commercial, 0,7% industelal, and 1.3% Charitables, Around 75 000 willages
are alectrified™,

Urban Consumpticn Pattern; The power distribution companies (Bangiadesh Power Development Board, the Dhaka Power
Destributian Companyy, Dhaks Electrie Supply Company and the West Zone Power Destribution Company) serving urban
centers. The Dhaks area under the distribution of Dhaka Electric Supply Company Ltd. (DESCO) Is the largest single
digtribution territery conseming about 50 percent of the total electricity sold in Bangladesh. The total area i around 400
square kilometers. 56,266 new connections were added in DESCO during the FY 2017-14

Armong the B30, 505 customers of DESCO, 90% are residential, 7% cormmercial and 1% industrial, Howeysr, In terms of pweEr
consumplion, residential custamers coniume 54%  Industrial customers comsumas 24%, snd commerclal customen
consUme 1955

The development af the countrye-wide share of various household types s presented In Table 16, The électrification starts
with basle housshald types such as rural phase 1 urban family 1 and suburbls 1 and moves 1o better egquipped househalds,
Thus, the share of Tully-equipped househalds grows comstantly while the basic houssholds increase in the firet years and
decrease towards the end of the madeliing period. By 2050, most howseholds hove a medium 1o gh comfart eguipment
degres

The authars of this repon have deliberataly chosen a higher stendard for Bangladesh’s househalds 1o close the gap betwaen
hausehodds in industrislized countries and developing countries and achisve grextar equity.

Table 18: Howsehold types — development of shares countrywide

House hiold teps share | ] {roud ed)
Noaccens o elecmcity £.00% A.00%
Rutal - Phase 1 A 15.0% 35.0% 20.0%
Rural - Phase 2 g 12,0% 10.0% 20 T,
Rufal- Phase 3 y 0% 10.0% 15 0%
Lirtian — Singhs B 10.0%% 10.0%
Urhan /Shared App 8.0% 10.0% 10 0%
Wrban - Famiy 1 ] i0,0'% 10.0% 10.0%
Lidian - Famiy 2 ] 2 0% 4.0% 5.0%
Subairbia 1 N 217K, 4,0 5.0%
& uburhia 2 0% 4.0 &, 0%
Total
™ ®ER, FO3A; Annus Report 00708 sl g Burel elecirfeaiion Board,

DESCO Snnual report 2008
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5.2.9 ENERGY ACCESS <INDUSTRY AND BUSINESS DEMAND

Analysis of Bangladesh's economic development s based on the 2015 GDP breakdown, and assumes that the
overall structure of the economy does not change and that all sectors grow at equal rates 1o GOP over the entire
modelling pericd, Table 17 shows the assumed breakdown of GDP by subcategory, While the GDP shares for
Iindustry, services and agricultural for Bangladesh are avallable [C1& 201909 sub-categorles for specific
industries are not avallable and have been assumed to calibrate the botiom up energy démand model with
current energy demand document In the IEA Energy Balances statisgle (IEA [2019)02

Table 1%: Development of GPD shares by industry sector across all regions in Bangladesh

| Wlanu facturer 5.0%

| Mining 2.0%
Iron = 5 teal 2,559
Ce ment 2.0%
Co s tructon 15 0%
Ch emical 1.0%
Food,Trade 11.5%
Tourism 5.0%
O ffice 36.5%
Agricufture 18.5%

5.3 TECHNOLOGY- AND FUEL COST PROJECTIONS

All cost projection (n this analysis are based on a recent publication from Teske et al, (2019}, The entire
section 5.2 |15 based on chapter 5 of thes book, written by Br, Thomas Pregger, Dr. Senja Siman and Dr, Tobias
Maegher of the German Aerospace Center / DLR, The parameterization of the models requires many assumptions
about the development of the characteristics of technologles, such as specifle Investment and fuel costs.
Therefore, because long-term projectlons are highly uncertain, we must define plausible and transparent
assumptions based on background Information and up-to-date statistieal and technical infarmation,

The speed of an energy system transition also depends an avercoming economic barriers. These largely refate to
the relationships between the costs of repewable technologles and thelr fossil and nuclear counterparts, For our
scenarios, the projection of these costs is vital |n making valld comparlsons of energy systems. However, there
have been sigaiflicant limitations to these profections n the past |n relation W Investment and fuel costs, In
addition, efficiency measures also generate costs which are usually difficult to determine depending on
technical, structural and economic boundary conditions, In the context of this study, we have therefore assumed
uniform average costs of 3 cent per avoided kK'Wh of electricity consumption in our cost accounting

Durlng the last decade, fossil fuel prices have seen huge fuctuations, Figure 12 shaws oll prices since 1997, After
extremedy high oll prices in 2012, we are currently in oo low-price phase, Gas prices saw similar development [IEA
201790, Therefore, fossil fuel price projections have also sean considerable variations (1EA 2017104; |IEA 2013195
and have had a considerable Influence on scenario results ever since,

HRCIA [I0Y): CU-Factboo < hitpaf et icstimes cormyeconnmplcounities-by- pic-ssomr-compomten php
A [ 2O1F Wl Enargy hafances j IEA datahase
! Teske {1018} Achimving the Pars Climabe Agreemene Goabs 1V @lobal and Repon s 1000 Eeneantée fne Ry Soemaros with Non-enepgy
GHG Fathiwgs Tor 4 1540 and 120, aC, t5AN 978-3-030-05842-5, Springs, Sy lasd 2019
" IER 20177 1EA [2017) World Energy Outiook 2017, Imerrational Energy Agency, Srganisbon for Economic Coroperation and Dessopment, Parts
M ER JOLT EA (03| Whneid Errgy Oahol 1003, Interniationsl Eneigy dgescy, Orgasitation for Fooessmic Cosopenation amnl Developrmest, Fais
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Flgure 12! Historic development and projections of oll prices (bottom lines) and historical world oll production and
projections [top lnes) by the IEA according to Wachtmeister et al, [2018)
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Although In the past, oll-exporting countries provided the best oll price projectlons, instltutional price
prajectlons have become increasingly accurate, with the International Energy Agency (IEA) leading the way [n
2018 (Roland Berger 201817, An evaluation of the oll price projections of the IEA since 2000 by Wachtmelster et
ol [2018)* showed that price projections have varied significantly over time. Whereas the IEAS oll production
projections seem comparatively accurate, ol price propections showed errors of 405—60%, even when made for
only 10 years ahead, Between 2007 and 2017, the IEA price projections for 2030 varied from S70 wo 5140 per
barrel, providing significant uncertalnty regarding future costs in the scenarios, Despite this limitation, the IEA
provides a comprehensive set of price projections. Therefore, we based our scenarlo assumplions on these
projectlons, as described below.

However, because most renewable energy lechnologies provide energy without fuel costs, the prajections of
Investment costs become more impartant than fuel cost projections, and this limits the impact of errors in the
fuel price projections, It is only for biomass that the cost of feedstock remains a crucial economic factor for
renewables. Today, these costs range from negative costs for waste waod (based on credit for the waste dispasal
costs avolded), through lnexpensive reshidual materials, to comparatively expensive energy crops. Because
bloenergy holds signiflcant market shares In all sectors in many reglons, a detailed assessment of future price
projections is provided below,

Investment cost projections alse pose challenges for scenario development. Avallable short-term projections of
imvastment costs depend largely on the data available for existing and planned projects. Learning curves are
mast commonly used o assess the future development of investment costs as a function of their future
Instaflaticns and markets (McDonald and Schrattenholzer 2001'%; Rubin et al, 2015'), Therefore, the reliability
of cost prajections largely depends on the uncertainty of Tuture markets and the availability of historical data.

% olar Barges |2008) 2010 01 Grice fonesn: wha pradices bea? Roland Bangar sy of of grie Sorecsty.
hktps: /e rnlandberpey comyfen Feblicstiomyoub_ni_price_ forecast 2015 hirnd, Acosssed 3000, 3000 2070
T wachrnestar W, Hanka P HO0K M [2008] O peajections in reengpect Reylsons, sooufacy e (UFMant uniorment Acollsd Enerpy 3300138
1%3: gothigps ' idol nrg /10, 1006/ apensrpy. MHA 03011
' pacDonald &, Sehramarhislses 1 | B00E) Leaning e tor anengy Techno kg Energy Policy 29 {4):155-261
thiod: vt i g FLD DOVE G S0PR0 10215 40022 1
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Fossll fuel technologies provide a-farge cost data set featuring well-established markets and large annual
installations. They are also mature technologies, where many cost reduction potentials bave already been
exploited,

For renswable technologles, the plelure s more mixed. For example, hydro power i, ke Tossil fusls, waell
established and provides reliabie data on investment costs. Dther technologies, such as PV and wind, are
currently experiencing tremendous developments in installation. and cost reduction, Solar PV and wind are the
focus of cost monitoring, and considerable data are already available on existing projects. However, their future
markiets are not easily predicted, as can be seen from the evolution of IEA market projections over recent years
in the World Energy Outlook series (compare for example [EA 2007, IEA 2014, and IEA 2017). For PY and wind,
small differences in cost assumptions will lead to large deviations |n the overall costs, and cost assumptions must
be made with special care, Furthermore, many technologles feature only comparably small markets, such as
peothermal, modern bioénergy applications, and C5P, for which costs are stll high and for which Tuture markets
are insecure; The cost reduction potential is correspondingly high for these technologies. This is also true for
technalogies that might become important ina transformed energy system but are not vet widely available.

Hydrogen productlon, ocean power, and synthetic fuels might deliver important technology options in the long
terrm after 2040, but their cost reduction potential cannot be assessed with any certainly today. Thus, cost
assumplions are a crucial facter in evaluating seenarios. Because costs ane an external input inta the model and
are not internally calculated, we assume the same progressive cost developmaents for all scenarios. In the next
sections, we present a detalled overview of our assumptions for power and renewable beat technologies,
including the investmaent and fuel costs, and the potential COZ costs in the scenarios,

5.3.1 POWER AND CHP TECHNOLOGIES

The focus of cost calculations in our scenarlo modelling |s the power sector, We compared the specific
Investment costs estimated In previous studles |Teske et al. 200501, which were based on a varlety of studies,
Ineluding the European Commission-funded MEEDS project [MEEDS 2009), projections from the Europesn
Renewable Energy Councll (Zervas et al. 201031, investment cost projections by the [EA (IEA 2004), and current
cost assumptions by IRENA and IEA (JEA 2016c). We found that investmaent costs generally converged, except for
Pys. Therefore, for consistency reasons, the investment costs and operation and maimtenance costs for the
power sectar arg based primarily on the investment costs within WED 2016 {IEA 2016¢) up to 2040, including
thelr regional disaggregation, We extended the projections until 2050 based on the trends In the preceding
decade, For renewable power production, we used Investment costs from the 450-ppm scenarlo from |EA 2016c.

For technclogies not distinguished in the [EA report {such as geothermal CHP), we used cost assumiptions based
on our own research (Teske et al. 2015), As the cost assumptions for PY systerns by the IEA do not reflect recent
cost reductions, we based our assumptions on @ more recent anakbysls by Steurer et al, (2008)5, which projects
lower investment costs for PV in 2050 than does the [EA.
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The costs for onshore and offshore wind in Europe were adapted from the same source, to reflect more recent
data. The cost assumptions for hydrogen production come from our own analysis in the Plan DelykaD project
[Michalski et al, 2017)*®, Table 18 summarizes the cost trends for power technologies derived from the
assumptions discussed above for OECD Europe, it is important to note that the cost reductions are, in reality, not
= function of time, but of cumulative capacity {production of units), so dynamic market development is required
to achieve a significant reduction in specific investment costs. Therefore, overall, we might underestimate the
casts af renewables in the reference scenario compared with both RENEWABLES Scenarios. However, our
approach is conservative when we compare the reference scenario with REMEWABLES Scenarios under identical
cost assumptions.

Table 20: Investment cost assumptions for power generation plants (in $2015/kW) until 2050
Inwestment costs power genaration plants in Europe

oSS ruEL B ame e om0

CH P Coal SN 2 500 2 500 2 500 2 500 500
CH P Gas LA AT lm 1000 1 00D 1 Doo 1 008
CH P Lignita 5w 7 500 3 500 3 500 7 500 1 500
oW PO SAw 1316 1200 1240 1180 1130
Coal pawer plant S 7 oo 2 ao0 7 DoD 7 ooo 7 a0a
Oizsel genermhar SN aun 400 Lon E[ale) wan

Gas pawer plant SAn arn 500 0 508 670

Lignite power plant B 2300 2 200 7 100 2 200 1200
Nuclear povwer plind o L 2] 6000 5 k0D i 500 &4 500
il powar plant Shw a50 GAD ES0 BB BED

CHP B omass S 2 550 2 500 2450 2 350 2250
CHE Fuel cell .';'.ulu'-:'u'.l' 5 000 5 000 2 500 2 500 1120
CHP Geothermal Sl 13 200 11 150 8 890 T 4&0 G460
Biomass power plant S 2 400 2 A0 2 300 2 200 2110
Geothermal power plant LW 12 340 2 800 2 650 2 500 2400
Hydra power plant S AW 2 650 2 650 2 650 2 650 2 650
Ocean energy power plant Sk 6850 & 650 4 400 3100 2110
Py power plant S 1300 q&0 730 L&0 470

C5P power plant Sk 5 700 5 000 3700 1 050 i 740
':I"gl'lnd turbrine offshore Sk 4 000 3 690 a 180 J BiD 4 610
Wind trbine onshore S 1 640 1 580 1510 1 450 1 400
Hydrogen production S 1380 1220 520 00 570

*Costs for a system with solar multiple of two and thermal storage for eight howrs of turbine operation * *Values apply to
both ren-of-the-river and reservoir hydro power

Fossil fuel power plants have & limited potential for cost reductions because they are ot an advanced stage of
technology and market development, Gas and ofl plants are relatively cheap, ot arownd SE70/kW and S822/KW,
respectively. CHP applications and coal plants are more éxpensive, ranging between 52 000/kW and 52 500/k\W,
The IEA sees some cost reduction potential for expensive nuclear plants, tending towards 54 500/kW by 2080,
whereas gas might even increase in ost. In contrast, several renewable technologies have seen constderable
cost reductions over the last decade, This 5 expected to continue If renewables are deployed extensively, Fuel
cells are expected to outpace other CHP technologles, with a cost reductlon potential of more than 75% (frem
currently high costs], Hydro power and biomass remain stable in terms of costs. Tremendous cost reductions are
still expected for selar energy and offshore wind, even though they have experienced significant reductions
already, Although C5P might deliver dispatchable power at half its current cost 0 2050, varkable PV costs could

158 i chviliel 1, Biinger o, Croboging &, Donode 3, Scheeider G5, Pregger 1, Cao K06, Hede 010171 Hyrogen genenrinn by =lectrobeys and
Rcoige i sall camsrria! Padumisly, sororics seed syl saport With sagand 1o e Ger mes e e gy Tansilion. sewnations ool of
Hydroge Enspy 47 (19} 13437-13343 . doi:itoocffdolong/ 10 S0UA. | Ewdess 2017 02302
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drop to 35% of today's costs. Offshore wind could see cost reductions of over 30%, whereas the cost reduction
potential for onshore wind seems to have been exploited already to a large extent.

In the RENEWABLES Scenarios, hydrogen is introduced a5 a substitute for natural gas, with a significant share
after 2030, Hydrogen 15 assumed to be produced by electrolysis, With electrolysers just emerging on larger scale:
an the markets, they have considerable cost reduction potential, Based on the Plan-Delykal studies (Michalski
et al, 2017), we assume that costs could decrease to S570/kW In the fong term.,

5.3.2 HEATING TECHNOLOGIES

Assessing the costs in the heating sector |5 even more ambitious than in the power sector, Costs for new
installations differ significantly between regions and are interlinked with construction costs and industry
processes, which are not addressed in this study. Moreover, no data are available to allow the comprehensive
calculation of the costs for existing heating appliances in all regions, Therefore, we concentrate on the additional
costs resulting from new renewable applications In the heating sector. Our cost assumptions are- based on @
previous survey of renewable heating technologies in Europe, which focused on solar collectors, geathermal,
heat pumps, and biomass applications. Blomass and simple heating systems in the residential sector are already
mature, However, more-sophisticated technologies, which can provide higher shares of heat demand from
renewahle sourges, are still under development and rather expensive, Market barriers will slow the further
implerentation and cost reduction of renewable heating systems, espedially for heating networks, Nevertheless,
significant learning rates can be expected if renswable heating is increasingly Implemented, as projected in both
REMEWABLES cases.

Table 19 presents the investment cost assumptions for heating technologies for OECD Europe, disaggregated by
sector, Geothermal heating displays the same high costs in all sectors, In Europe, deep geothermal applications
are being developed for heating purposes at investment costs ranging from €500/kW thermal (shallow) to
E3000/%W thermal (deep), with the costs strongly dependent on the drilling depth, The cost reduction potential
Is assumed to be around 30% by 2050,

Table 21: Specific imvestment cost assumptions (in 52015] lor heating technologles in the scenarios wuntil 2021

Investment costs beat generation plants in OECD Europo

2015 2o 2030 2000 2050
Gaothermal Sk 2380 2270 2030 1 HOQ 1530
Heat pumps Shw 1780 1m0 1640 1540 1450
Biamass heat Skw 600 580 550 51D 48D
plants )
B s iden tal mdusirialized W aa0 810 160 Tin BRO
biomaw itaves couniries
e jdent eal devaioping Sk 110 110 110 1o 110
blomass stowes countries
Solar collec tors ndustry SkwW 850 P T30 650 550
In heat gridd Shkw a7 a7a oyo 570 aro
res idential SRW 1080 1010 510 EOD BEd

Heat pumps typically provide hot water or space heat for heating systems with relatively low supply
temperatures, or they supplement other heating technologies. Therelore, they are currently mainly wsed for
small-scale residential applications. Casts curmently cowver a large band-width and are expected to decrease by
anly 20% to $1450/kW by 2050.

For blomass and solar collectors, wie assume the appropriate differences between the sectors, There is 3 broad
portfolla of modern technologies for heat production from biamass, ranging from amall-scale single-roeom stoves
1o heating or CHP plants on an MW scale. Investment costs show similar wariations: simple log-wood stoves can
be abtained from S100/0M but more sophisticated automated heating
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systems that cover the whole heat demand of a building are significantly more swpensive. Log-wood or pellet
bailers range from $500-1 300/kW. Large biomass heating systems are assumed to reach their cheapest costs in
2050 at around S480/%W for industry, Far all sectors, we assume a cost reduction of 20% by 2050, In contrast,
solar coliectors for households are comparatively simpie and will become cheap at S680/kW by 2050, The costs
of simple sofar collectors for swimming pools might have been optimized already, whereas their integration in
large systems is nelther technobogically ner econamically mature. For larger applications, especially In heat grid
systerns, the collectors are large and more sophisticated. Bacause there Is not yet a mass market for such grid-
connected solfar systems, we assume there will be a cost reduction potential until 2050,

5.3.3 FUEL COST PROIECTIONS

Although fossil fuel price projections have seen considerable vanations, as described above, we based our fusl
price assumptions up to 2040 on the WED 2017 (IEA 2017), Beyond 2040, we extrapolated from the price
developments between 2035 and 2040, Even though these price projections are highly speculative, they provide
@ set of prices consistent to our Investment assumptions, Fuel prices for nuclear energy are hased on the values
in the Energy [Rlevelution report 2015 (Teske et al. 20151119, carrected by the cumulative inflatian rate for the
Eurpzone of 1.82% between 2012 and 2015,

Table 22; Davelopment prajoctians for fossit fusl prices In $2015 (IEA 2017)

Development, projectmons for fossil fuet prices

All 5 cenarios 2015 2020 2030 D HED
air 5] 8.5 12.3 2L.5 24.2 35.1
Gas 5% 8.8 wae w7 10.8 11.8
Coal LY =] i ] 35 43 4.5 53
Muele ar 5,|'.'ii 11 13 15 1E 21

5.3.4 BIOMASS PRICES

Biomass prices depend on the guality of the biomass (residues or energy crops) and the regional supply and
demand. The variability is large. Lamers et al, {2015)114 found a price range of £4-4.8/G] for forest residues in
Europe in 2020, whereas agricultural products might cost €8.5-12/G), Lamers et al 114 modelled a range for
wood pellets from €&/Gl In Malaysia to 8.8€/G) in Brazil. IRENA modelled 2 cost supply curve on a global level for
2030, ranging frem 53/G1 for a potentlal of 35 Elfyr up 1o 538-10/GI for a potentlal up to 90-100 El/yr [IRENA
2014) (and up to $17/Gl for an potential extending to 147 E),

5.4 RENEWABLE ENERGY POTENTIAL

Bangladesh has a mostly untapped potential for renewable energy sources, and the only resource significantly in
use is biomass. Additionally, solar photovoltaic has excelient potential and is particularly feasible in rural areas.
Biomass resources are mostly exploited in traditional but unsustainable ways, though there exists a greater
potential of organic waste generated by the agricultural sector. Solar energy is abundant, with initisl efforts being
undertaken to exploit this resource through both off-grid and grid-connected salutions. Wind resources have
been assessed with promising results in the three coastal districts Khulna, Barlsal and Chittagong. However, wind
energy Is currently not used in Bangladesh.

P famers # Hosfnagels R, lungingar i, Hased ek C, Faaij & (5] Slobat gobd biomans arda for anergy Dy J020. an ssavemens of
potental import streams and sepdy costs fn Merth-dest eeope under diferent surtoabibey convirsings. GOB Soenegy T RTE-51
oo e duiorg 10 110 (et 12163
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Wind enargy: The US based Mational Repswable Energy Laboratory {NREL) published a detailed survey about
Bangladesh’s wind energy potential in 2018 (NREL 2018115, Based an the available information, Bangladesh has
moderate wind resources, located in the coastal areas, Wind resource assessmients indicate that areas in Khulna,
Barisal and Chittagong hisve adequate wind speed for gridscale electricity generation. Small-scale off-grid wind
turhines along the coastline and In the lslands alsa hold great potentlal in Bangladesh, where areas of onshore
wind power potential cover only a fraction of the cauntry,

Onshore Wind: Currently, Bangladesh has only 2.9 MW onshore wind turbines installed. However, the
powvernment announced plans for 150 MW now wind capacities 0 three locations (50 MW each) in March
201945, pMast of the potential is in the three coastal districts, The overall wind resounces on fand are — compared
to other countries — relatively small and the average annual wind speed drops with the distance to the coast
Table 21 shows to what extend the mapped potential has been utilized in the most ambitious scenarlo while
Table 24 |dentifies the total potential estimated under land use restrictions with a minlmum annual wind speed
af 5 mfs. For Bangladesh, wind turbines optimized for low wind speed are required, wsually used in inland
locatlons.

Offshore Wind: Bangladesh has-a significant offshore wind potential. This analysis uses offshore wind as &
backbone for the renewable power generation in Bangladesh, Further research s required to locate the exact
offshore wind areas both in regard to the available wind resource a3 well as the offshore wind power grid
capacitles. The declining offshore gas sector can beneflit from Increased offshore wind deployment as warkers
and parts of the Infrastructure can be re-used (e.g. ships, supply equipment). Further research s needed to
develop the RE&ED requirements for bullding up Bangladesh’s offshore renewable energy industry.

Solar energy: Bangladesh enjoys average annual solar radiation levels of between 4 and 6.5 KWh/m2 per day.
The solar radiation & not suitable for concentrated soler power due to cloud conditions (TSP need clear sky with
direct sunlight), There are around 4 million off grid solar home systems (5H5) In place. Increasing consumern
electricity prices in Bangladesh could provide an opportunity for RE sources to compete with conmventional
energy sources. Current electricity prices from diesel or furnace oll-based plants cost arcund Tk 14-18/kWh (USD
17-21 cantsmW) Y, The total capacity of all installed solar photovoltaic systems in Bangladesh adds up to 326
AW [Ph-h 2009) 00

Main challenge for utility scale solar photovoltaic is the availability of land: In order to use Bangladesh's utllity
scale sofar photovoltaic as efficient as possible, further research 15 reguired in regard to the breakdown the
utility scale photovoitaic potential inte ground mounted solar PV, agricultural solar PV and floating solar PV

= Utliity scale solar PV Large scale solar PY generators need space. Space is Hmited In Bangladesh due to
extremely high population density, Therefore, space for solar should be utllized as efficlent as possible and
multiple use options should be considered.
o Aprlcultural solar photovoltale solar PY iz a new development which combines agricultural
foad preduction technics and solar PV equipment. The solar generator i mounted above

m Aapmnaing Vs Wind Enedry Pofelal o« Barglsdesl
Ensdling W d Emergy Dessfopment Warh Data Products, Mark | sootnos, Chmolee Demel, Tony limesez, pnd Bebara O8eil; Maboral
Faanives il Eriwigy Labioiwingg; Tel Capatiole, Harniss Energy) limnd &, L, Francols Vandestsiighi, and Sus Elen b, Meeeal Ceiiler
for sitrmosphenc Research: Technical Report MHELTTR-S-0UT 1077, beptember 2018 htrpsl dswwnrsl poddoce My E0oa U/ 71077 pot

UE Dk T, 2005 Rlareli 2000, Thiwis v beed powsd plants sith 15080 crpacty by 201,
hiipsfw e dhabmrBune com) busmeys! P00 980 three-wind: preer-glanti-wih- Ldems - capacty-by-21021

T CUMTRALE, Ecanamies dnid Finsses | Elssir ety Backing / Salap Enwry ! Sangiadink Country B pait I0LR, Suminas G, Hambuig,
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the field - in some cases several meters high - in order to leave. enough space far harvesting and to ensur
access of light

o Reguirements for RED for floating solar in Hlooding regions and rivers with changing currents: Floatin
solaris a fairly new form of solar PV, Standardized floating devices are used for mounting solar panel
in utility scale projects usually designed for ground mounting systems. While current projects ar
designied for lakes and water reservoirs, Bangladesh would need floating solar PV suitable for floatin
rivers, possibly in combination with housing.

srenario.

Table 23: Bangladesh: Required areas for three types of renewable energy technologles under the most ambitious LE"E‘

Percentage of
Technology Unit 020 2030 1040 2050 e
{for 2050}
Tatal Watsled capisdity oW 0.4 231 104.2 16T
L) §pecdic pominal capachy  kWim' 1% 0lé a7 o7 0.5%
Area km? 1 144 B13 1
Tatal matalied capacin oW o 0s 17 9.6
[y Avorago capmciby LT 3,00 3 50 5.00 700
ST Number af plants # o 57 han 1,371 1%
5§ pecdic nominal cepacity MW &m? [ 5 5 7
Area k' o 1nn T 1371
Tatal nstalled capacy oW n 1.5 14.4 363
Average capacity K E.00 750 B.50 9.0y
Wind Mumber af pkants E ] i} 315 1658 4,033 3.5%
oftshore  § pecdic nominal capaciy MW Am? 7 8 ¥ 10
ArEd k! . I3 1,600 3,630

i energy: The country has considerable biomass rescurces from agricultural residues. The Sustainable
enewable Encrgy Development Authorty estimated a blo energy potentlal of 285 MWE0 with an annua
eneration aof 1,800 GWh/s which seems extremely conservative.

le 24; Bangladesh = Bio enargy potential

Technology Resource Ca paciy [MW] Annua | Generation
[awhia]
Biomass Rice husk 275 1B00
CRiogas Animal wasie 10 40

Source: SREP 2015

The total bio energy potential for Bangladesh is estimated with 1000 Plfa {Huda et. al 2013)**%. The 2.0°C uses
11,500 Pl/a and 1500 yses 2,100 Pifa - the additional bio energy s 2ssumed to be impartad.

Hydropower: The only existing hydropower plants in Bangladesh are the 230 MW Kaptai Hydropower Plant and
10 kW MWicro-hydropower plant in Bamerchara. A 2014 study by Stream Tech (a US-based enginearing firm) fon
he Ministry of Power, Energy and Mineral Resources identified potential hydropower sites at different locatians
long the Sanpu, Matamuhuri, and Bakkhali Rivers, as well as the Banshkhall Eco-park stream. The technil:a%

sessment only includes the sites from this study because other studies on potential hydropower sites wer
ither ouwtdated or provided inadeguate information for a technical assessment, The technical assessmen
consisted of an estimate of the generation potential at each site. Topographic analysis was performed using G15-
based Digital Elevation Model {DEM)| data to determine the svailable prois hydraulic head at each site. A hydrologic

19 ot b, Al 2011 - Bigmess prergy in Aargiacdeshi Corrent stakus and geospecs

AN Huda; 5 Mabhiled (Do parrment of Eleciricdl Engvsaning, Unhardity of Matays S0600 Kualk Lirspur, Maligils)
ard i Ahgan (Department of Ol Engireenmg and eatmite of Advanced Technology, Uirisersey Puies Maliyea, 3400 UPK Ssrdeng, Setangon
Malaysif, Peaviog Ranesstbe and Sustainatile Enerey e 30 29004) 5557, Mowisdsr 313
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moadel was developed Lo simulate the river flows at the selected sites over 8 15-year period based on observed
stream flow data (2003-2012] from the Bangladesh Water Development Board (BWDBL Hydropower has imited
potential in Bangladesh due 1o concerns about land use and flooding. The construction of the Kaptai dam in 1961
displaced about 100,000 people from the Chittagong Hills Tracts due to flopding caused by the dam's reservoir
[SREP 2015)80,

5.4.1 ASSUMPTIONS FOR HYDROGEN AND SYNFUEL PRODUCTION

In both REMEWABLES cases, hydrogen and sustalnable synthetle fuels are Introduced as a substitute for natural
gas and make up 3 slgnificant share of transport fuels after 2030, Hydrogen 15 assumed 1o be produced via
electrolysls, resulting in an additional electricity demand supplied by extra rengwable power preduction capacity,
predominantly from wind, PV and C5R.120 Rengwabie hyedrogen and syathetic fuels are essential for a varety of
sectors,

For the ndustry sector, hydrogen serves as an additional renewable fuel option for high-temperature
applications, supplementing biomass in industrial processes, whenever direet use of renewable electricity s not
applicable. The transport sector also increasingly relies on hydrogen as a renewable fuel, where battery
supported efectric vehicles reach their limitations and where limited biomass potentlal restricts the extension of
biofuel use. However, future hydrogen applications may nat be sufficient 1o replace all fossil fuel demand,
espechally in aviation, heavy duty vehicles and navigation, The RENEWABLES 2 study |ntroduces synthetic
hydrocarbons from renewable hydrogen, elecirieity and bBlogenicfatmospheric CO2. These synthetic fuels are
Introduced after 2030 and provide for the remalning fossil fuel demand that cannot be met by blafuels due to
limited patential

5.5 BANGLADESH — ASSUMPTIONS BY REGION

The regional distribution of demand and  Figure 13 Distribution of papulition in relation to existing power grid and
supply Is based on Interviews with experts FiEnd grids

in Bangladesh and the results of mapping Population D‘Enﬁt\' inBangladesh
analysis with QG5 {see 4.3) as input data {or - :

the [R]E 24/7 enemgy access analysis, This -
section provides an overview of the key ; EE
mapping results: -
Distribution of population and power grid 3 .

The regional breakdown used for the energy

model and the distributlon of Bangladesh's +

populations s shown In Flgure 13, ﬂ &
Bangladesh has one of the highest ¥

population densities in the world, thus = .
available tand is scarce. The highest 3 N

population density s in and arcund Ohaka,

the capital of Bangladesh with over 1600

peaple per square kilometer, The lowest

population denslties are In the two coastal

districts Khulna und Barisal and Sylhet, el 3
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Figure 14 shows the different types of grids and power stations in the country. The dots mark grid connected
power plants t= GIS based data about existing mini grids is not avaifable for Bangladesh. Different colors highlight
the fuel source, ranging from fossil fuel-based coal and oil plants to alternative fuel-based solar, biomass and
wind power plants.
Figure 14; Existing electricity Infrastructure by type

—— ——

Source: ISF mapping, December 2018

5.6 OVERVIEW - LONG TERM SCENARIO

Bangladesh needs to bulld up and expand it power generation system in order o increase the energy access rate to 100 per
cent, Building new power plants — no matter what the technology — will require new infrastructuee, such as power grids,
spatial planning, a stable policy framework and access to finance,

With decreased prices for solar photovoltaic and onshore wind in recent years, renewables have become an economic
alternative to building mew gas power plants, As & result, enewables achioved a global market share of over &0 per cant of
all new build power plants since 2014; Bangladesh has significant sclar mesource and coastal aregs are suitable for on- and
oftshore wind. Renewable generation costs are generally lower with increased solar radistion and wind speeds, However,
constantly shifting policy frameworks often kead to high investment risks and therefore higher project development and
installation costs for sobar and wind projects relative to countries with more stable palicy

Thir scenario-building peocess for all scenarios inchudes assumptions an policy stability, the role of future energy utilities,
centrafised fossil fuel-based power generation, population and GOP, firm capacity and future costs,
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" Policy stability: This research assumes that Bangladesh will establish a secure and stabie framework for
the deployment of renewable power peneration. In essence, financing a gas power plant or a wind farm is
quite similar. In both cases a power purchase agreement, which ensures a relatively stable price for a
specific guantity of electricity, is required to finance the project. Daily spot market prices for electricity
and/ar renewable energy or carbon are not sufficient for long-term investment decisions far any kind of
power plants with technical lifetimes of 20 years or longer.

" Strengthened energy efficiency policies: Existing policy settings, namely energy efficiency standards for
electrical applications, buildings and wehicles, will need to be strengthened in order maximise cost-
efficient use of renewahle energy and achieve a high energy productivity by 2030

/" Role of future energy utilities: With Begrid parityfif of rooftop salar PV under most current retail tariffs,
this modelling assumes that the energy utilities of the future take up the challenge of increased local
generation and develop new business models that focus on energy services, rather than just on selling
kilowatt-hours:

" Population and GDP: The three scenarios are based on the same population and GDP assumptions.
Projections of population growth are taken from the World Population Review™ while the GDP projection
are taken from Bangladesh’s Power System Master Plan 2016 which assumes long-term average growth of
arourdd 7 per cent per year over the scenario period, as documented in Section 4.1.3,

. Firm capacity: The scale of each technology deployed and the combinations of technologies in each of the
three scenarios target a firm capacity, Firm capacity is the Bgproportion of the maximum possibie power
that can relisbly contribute towards meeting peak power demand when needed."**! Firm capacity s
impartant to ensure a reliable and secure energy system. Note that varizble renewahles still have a firm
capacity rating, and the combination of technology options increases the firm capacity of the portfolio of
aptions [see zls0 'esecurity of energy supply’ point in the RE scenarios),

./ Cost assumptions: The same cost assumptions are utilised across all three scenarios. As technology costs
dedlineg with deployment scale rather tham time, the renewable energy cost reduction potentizl in both
REMEWABLES cases may even be larger than in the REFEREMCE case due to larger market sizes. The
reverse is true for the fuel cost assumptions as all three scenarios are based on low fossii fusl price
projections; while both REMEVWABLES scenarios have a significant drop in demand, the REFERENLCE case
assumes increased demand that may lead to higher fuel costs. As such, the costs should be considered
conzervative. The cost assumptions are documented in section 4.1.4.

5.6.1 THE REFERENCE SCENARIO

The REFERENCE scenario (REF) reflacts a continuatlon of current pollcies and 18 based on Banpladesh's
Goverpmaent Power System Masterplan 2016 (5.2.3). Enorgy statistics are taken from the International Energy
Agency's World Energy Balances of DECD Countries 201812 as well as other sources documented In Sections
52.2 D
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5.6.2 ASSUMPTIONS FOR BOTH RENEWABLES SCENARIOS

Bath the RENEWABLES 2.0°C {"2.0°C"} and the RENEWABLES 1.5%C ("1.5°C"} scenarios are built on a framework
of targets and assumgptions that strongly influence the development of individual technological and structural
pathways for each sectar. The main assumptions considered for this scenario-building process are detailed
below.

W

Emlssions reductions: the maln measures to meet £0, emission reductions in the 2.0°C and 1.5,aC
scenarios include strong Improvements In energy efficiency resulting In doubling energy productivity over
the rext 10 1o 15 years, and the dynamic expansion of renewable energy across all sectors

Renewables industry growth: dynamic growth in new capacities for renewable heat and power
generation Is assumed based en eurrent knowledge about potential, costs and recent trends In renewable
energy deployment {see endrgy potentlals discussed In Section 4. and 5). Communitles will play a
slgnificant role In the expanslon of rencwables, partlcularly regarding project development, Inclusion of
lscal population and operation of regional and/for community owned rerewable power projects,

Fossil fuel phase-out: the operatlonal lifetime for gas power plants |s conservatively estimated to be 30
years. In both scenarios, coal pawer plants are phased out early on, followed by gas power plants.

Future power supply: the capacity of large hydropower remains flat in Bangladesh aver the entire
seenarla perfod, while the quantities of bloenergy grow within the pation’s potential for sustainable
biomass {see below), Wind power {on- and offshore] and solar photovoltale are expected to be the maln
pillars of future power supply, complemented by contributions from blognergy and gas power planis
{fueled with syrthetie-Tuels/Tydragen after 2040 - see balow), Solar PV figures combing both rooftop and
utllity scale Py plants including floating solar. The potential for offshore wind Is significontly higher than
onshore wind, thus the majority of the wind power under both RENEWABLES scenarios is offshore wind.

Wind: Onshore wind resources In Bangladesh are concentrated on the three coastal districts Khulna,
Barisal and Chittageng, The enthie capacity n bath BENEWABLES scenarios Is concentrated thers, Offshare
wind parks ane located up to 120 km affthore,

Securlty of energy supply: the scenarlos imit the share of varlable power generation and maintain a
sufficient share of controllable, secured capaclty. Power generatlon from bliomass and gas-fired back-up
capaclthes and storage, are considersd Important for the security of supply n 8 future ensrgy Syslim,
related to the autput of firm capacity discussed above, Storage technologies play an Increase rale after
2030, while gas power plants will be switched to synthetic full towards the end of the scenario periad,

Sustainable blomass levels: the sustalinable level of blomass use for Bangladesh |s assumed to be limited
1o 1000 L. Low-tech Blomass wse, such as In Inefficlent household wood-burniers, are largely replaced n
the RENEWABLES scenarios by state-of-the-ort technolegles, primarily highly efficient cogeneration plants.
The remaining Blo energy is assumed 1o be Imported,

Electrifleation af transport: efficlency savings in the transport sector are o result of fleet penetration with
new highly officlent vehicles such as electric vehicles, but alse assurméd changes in mobility patterms
and the implementation of efficlency measures for combustion engines. The soenarlas assume imited use
af blofuels for transportation given the limited supply of sustainable blofuels.
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/" Hydrogen and synthetic fuels: hydrogen and synthetic fuels penerated by electrolysiz using renewable
electricity are introduced as a third renewable fuel in the transportation sector, complementary to
biotuels, the direct use of renewable electricity and battery storage. Hydrogen generation can have high-
energy losses; however, the limited potential of bictuels and mostly likely also battery starage for electric
maobility mean it is necessary ta have a third renewable option in the transport sector, Alternatively, this
renewable hydrogen could be convertad into synthetic methane and liguid fuels depending on econamic
bensfits (storagecosts versus additional losses) as well as technology and market development in the
transport sector (combustion engines versus fuel cells). Due to the limited hydrogen generation potential
of Bangiladesh, it is assumed that hydrogen and synthetic tuels are imported.

5.6.3 THE RENEWABLES 2.0°C SCENARIO

The AEMEWABLES 2.09C scenarlo {2.0°C) is designed to meet Bangladesh| |s enerpy-related targets to achieve
100 par cent renewable energy as soon as possible, as outlined in-section 5.1. The energy afficiency projections
for each sector are calculated as documented in section 4.5,

The renewable energy trajectories for the initial years take the "Bangladezh Policy Road Map for Renewable
energy’ (Basu 2015)° into account. This suggests that renewable energy markets in developing countries are
projected to grow at a rate equal to the renewable energy markets of DECD countries. In addition, pathways for
the deployment of renewahble energy and efficiency measures reflect the technology trends of recent years and
markat estimations of the solar photaveltaic, wind industry and other innovative technelogies. This scenario
Ineludes significant efforts to fully exploit the extensive potential for energy efficiency available through current
best-practice technology. At the same time, various proven renawable energy sources are integrated - to a large
extent for electricity generation and also to a lesser extent for the production of symthetic fuels and hydrogen for
heating {domestic, commercial and industrial} and transport.

5.6.4 THE RENEWABLES 1.50C SCENARIO

The RENEWABLES 1.5°C scenario takes a more ambltious approach to transforming Bangladesh's entire energy
system towards 100 per cent renewable energy supply, The cansumption pathways remain almaost the same as in
the REMEWABLES scenario, however under this scenario a miuch faster introduction of new technologles leads to
a complete decarbonisation of energy for stationary anergy [electricity), heating (including process heat for
industry] and transportation. The latter requires 3 strong role for storape technologies such as batteries,
synthetic fueis and hydrogen. The resufting final energy demand for transportation is lower compared to the
REMEVWABLES 2.0°C srenario based on the assumptions that:

» Future vehicles and particularly electric vehicles will be more efficient and
v There will be greater improvement in the public transport system

The RENEWABLES 1.5°C scenaric increases the share of electric and fuel cell vehicles, This scenario also relies an
greater production of synthetic fuels from renewable electricity for wse in the transport and industry sectors.
Renewable hydrogen is converted into synthetic hydrocarbons that replace the remaining fossil fuels, particularly
In heavy-duty wehlcles and air transpoartation - albeit with low overall efficiency of the synthetic fusls system.
Mote that since rengwable synthetic fuels require (gas) plpeling Infrastructure, this technology 5 not widely
applied for Bangladesh's energy access plan due to refatively high costs in the early development stages. It is
assumed that synthetic fuels and hydrogen will not enter Bangladesh's energy systembefore 2040; to compensate
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for the High energy losses associated with the production of synthetic fuels, it requires more fundamental
infrastructure changes that seems-too costly for a developing country as this stage. In the heating sector, malnly
heat for industry, electricity and hydropen play a farger role In replacing remaining fossil fuels. Inthe power
sactor, natural gas is also replaced by hydrogen. Therefore, electricity generation increases significantly in this
scenario, assuming power from reneawable energy sources to be the main 'primary energy” of the future.

The REMEWABLES 1 59C scenarlo also models a shift in the heat sector towards increased direct use of electricity
because of the enormous and diverse potential for renewable power and the limited availability of renewable
fuels far high-temperature process heat In industry. Increased Implementation of district heating infrastructure
{intercannection of buildings in Central Business Districts) and geothermal heat pumps for office buildings and
shopplng centers In larger citles Is assumed, leading to a growth |a dlectricity demand that partly offsets the
efficiency savings in these sectors. A rapid expansion of solar and geothermal heating systems is also assumed.
The increasing shares of variable renewable power generation, principally by wind farms and photovoltaics, will
require the implementation of smart grids and a fast interconpection of micro and mini grids with regional
distributicn networks, storage and other foad balancing capacities, Other infrastructure requirements include
the increazing role of on-zite renewable process heat paneration for industries and mining and the generation
and distribution of synthetic fuels, The RENEWABLES 1.5°C scenario therefore assumes that such infrastructure
projects will be implemented in all parts of Bangladesh without seriows societal, financial or political barriers,
Scenarios by no means clalm to predict the future; they provide a useful tool to describe and compare potential
development pathways from the broad range of possible [¥futures||, The RENEWABLES 1.5°C scenario was
designed to indicate the efforts and actions required to achieve the ambltious objective of a 100 per cent
renewable energy system a2nd to illustrate the options available to change our energy supply system into one
thiat Is truly sustainable. Thiey may serve as a rellable basis for further analyses of possible concepts and actlons
neaded to implement pathways for Results,

The fallowing results are from both the long-term sceparia model (LT} as well as the [R]E 24/7 model described
in chapter 3, The models are not directly connected, and as such the results for power generation can vary by +/-
5 per cent because of differing modelling methodologles, The [RIE 247 model calculates hourly generation
profiles with a chosen dispatch order, which influences capacity factors, whereas the long-term maodel calculates
annual accounting totals with assumed capacity factors. As a result, dispatch power plants may be caloulated
with higher capacity factors.

5.7 BANGLADESH - ENERGY PATHWAY UNTIL 2050

In this section we outhne the key results across a range of areas, both in terms of the iImpacts and the costs of
the different scenarnos. Firstly, we consider stationary energy, tocusing on electricity generation, capecity and
breakdown by technology. We then examine energy supply for heating with a focws on industrial heat supgply,
followed by a consideration of the impacts and costs of the different scenarios on transport and the
development of 0O, emissdons, The section ends with an examination of the final costs, outiining the required
anergy budget.

To understand the resufts, it is first necessary to clarify the metrics used. Two of the main metrics used in the
energy industry to analyze energy are primary energy consumption and final energy demand. Final energy
demand "is @ measure of the energy that is delivered to energy end users in the economy to undertake activities
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as diverse as manufacturing, movement of people and goods, essential services and other day-to-day energy
requirements of llving. "1 Primary énergy consumption is defined as the "direct energy wse at the source, or
supply to users without transformation, of crude energy; that i enargy that has not been subjected to any
conversion ar transformation process, "1

Primary energy statistics often make the renewables share appear lower than other forms of energy. For
example, [EA's 2010 statistics listed the global primary energy share for nuckear energy as 6 per cent and
hydropowser at 2 per cent, however both technologies produced the same amount of power generation in
terawatt haurs, This is because nuclear power is a thermal process with an average efficlency af around 30 per
cent - thus the input of uranium (the primary energy resource] is therefore thres times higher than the final
energy [3:1), while hydropower, which does not imeolve a thermal process is calculated as final energy, is equal to
primary energy (1:1)

5.7.1 BANGLADESH FINAL ENERGY DEMAND

Comblning the projections on population development, GDP growth and energy intensity results in future
develapment pathways for Bangiadesh’s final energy demand, These are shown in Figure 15 for the Reference
and Renswable scenarios. Under the Reference scenarlo, tatal final energy demand increases by 320% from the
current 1000 Pifa to 4200 Pifa In 2060, In the 2.0°C scenario, final energy demand increases at a much lower rate
by 250% compared to current consemption and is expected to reach 3500 P)fa by 2050. The 1.5°C scenario
results in seme additicnal reductions due to a higher share of electric cars,

Under both Renewable scenarios, due to economic growth, Increasing living standards and efectrification of the
transport sector, overall electricity demand is expected to increase despite efficiency gains in all sectors (see
Figure 15). Tatal electricity demand will rise from about 40 TWhia to 380 Twh/a by 2050 in the Renewables
2.0°C scenario, Compared to the Reference scenanio, efficiency measures in the industry, residential and service
sectars avoid the generation of about 30 TWh/a,

This reduction can be achieved In particular by Introducing highly efficient electronic devices using the best
available technology in all demand sectors. The transformation to a carbon free energy system in the 1,5°C
scenario will further increase the electricity demand in 2050 up to 400 TWh/a. Electricity will become the major
renewable ‘primary’ anergy, not anly far direct use for various purposes but also for the generation of synthetic
fuels for fossil fuels substitution, Atound 60 TWh are used in 2050 for electric vehicles and rall transport in 2050
inthe 1.59C,

Efficiency gains in the heating sector are even larger than in the electriclty sector, Under both RENEWABLE
sCenarios, consumption equivalent to about 100 21/ is avoided through efficlency gains by 2050 comparned 1o
the Reference scenarla. As a result of energy-related renovation of the existing stock of residential buildings, the
introduction of low energy standards and 'passive climatization’ for new bulldings, as well as highly efficient air
conditioning systems, enjoyment of the same comfort and energy services will be accompanled by much lower
future energy demand.
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Flgure 15: Projection of tatal fimal enesgy demand by sector
{encluding nan-=nengy use and keat fram CHP ae oroducers)
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5.7.2 ELECTRICITY GENERATION
5.7.2.1 Electricity generation, capacity and breakdown by technology

The renewable enargy market grows dynamically and has an Increasing share n the required slectriclty supply,
This trend will more than compensate for the phasing out of fossil fuel-based power production In both
Renewable scenarios, By 2050, T6% of the electricity produced in Bangladesh will come from renewable energy
sources In the 3.000 scenario, 'New’ renewables - mainly wind and solar photovaltale electricity - will contribute
56% to the total electricity generation. Already by 2020 the share of renewable alectricity production will be 2%
angd 33% by 2030, The installed capacity of renewables will reach about 30 GW in 2030 and 150 GW by 2050, &
100% electricity supply from renewable energy resourges in the 1.5,aC scenario leads to around 200 GW
installed generation capacity in 2050,

Flgure 18: Breakdown of alectricity generation by technology
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Talde 25 shows the comparative evolution of the ditferent renewabie technologles in Bangladesh veer time,
Tabde 25: Projection of renawable alectricity generation capacity
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Until 2020 hydro will remain the main renewable power source, in both Renewable scenarios. By 2020 wind and
PV overtake biomass, currently the second largest contributor to the growing renewabla market. After 2020, the
continuing growth of wind and PV will be complemented by electricity from soclar thermal, geothermal and
orean energy, Renewable scenarios will lead to a high share of varizble power generation sources (wind and
photevoltaics) of already 13% to 23% by 2030 and 56% to 65% by 2050. Theretore, smart grids, demand side
management {D5M), energy storage capatities and other options need to be expanded to increaze the flexibiiity
of the power system for grid integration, load balancing and 3 secure supply of electricity. In contrast to the REF
scenario which plans ta build nuclear reactors with a total capacity of 7,000 MW, the 2.0°C =cenario includes on
the campletion of one reactor block with a capacity of 600 MW which is-.currently under construction. The 1.5°%C
scenario -assumes, that this current construction of the nuclear reactor will not be complete due to the
substantial economic advantage of renewable power generation.

5.7.2.2 Regional distribution of solar and wind resaurces

Bangiadesh has almaost 6,250 square Rilometers of available land where 156 gigawatts of solar power can
potentially be harvested through utility scale sofar farms. To avoid conflicts with National Parks and other
competing wuses of land, cnly perenmal cropland and open bushland land cover types were included in the
analysis. Only utility scale salar photovaltaic is included in the analysls, as the solar resource is not sufficient for
concentrated solar power {C5P) which requires highest direct normal irradiance. In Figure 19 it |s assumed that
this suitable area will be used for utility-scale solar photovoltaic, 20 per cent of the total utlfity scale photovoltaic
power plants are flaating installations. Figure 19 shows the distribution of potential sités that are ideal for setting
up utifity scale solar plants.

Figure 19 : Solar ensrgy geresation potential in Bangladesh
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The distribution of potential sites for optimal wind power generation Is shown in Figure 20, The map highlights.
the only a relatively small amount of land is available for utility scale onshore wind power generation, therefore
offshore wind has been considered o a large extend as well.

Potential exists to install at least 16 gigawatts of onshore wind power from sites spread over 3,200square
kllometers across Bangladesh, mainly in the southern part of the country, This analysls considers only sides with
wind speeds of 5 meters per second and above to plot optimal sites. Site selection I restricted to include only
the following land cover types: bare soil, annual cropland, perennial cropland, grassland and ocean. Offshore
wrater bodies within 50 te 120 kilometers of the coast weie included in the analysis, This leads to an estimated
offshore wind potential of 134 gigawatts and an onshore wind potential of around 16 gigawatts. The onshore
wind potential has been used to a large axtent inorder to maximize local electricity generation in Bangladesh.

Figure 20 t On- and offshore wind energy generation potential in Bangladesh
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5.7.3 ENERGY SUPPLY FOR COOKING AND INDUSTRIAL PROCESSHEAT

Today, renewables meet around 51% of Bangladesh's energy demand for heating, the main contribution coming
from the use of blomass, Dedicated support instruments are reguired to ensure a dynamic development n
particular for renewable technologies for buildings and renewable process heat production. In the 2.0%C
scenatio, renewables already provide 24% of Bangladesh's total heat demand In 2030 and B1% |n 2050,

" Energy efficiency measures help to reduce the currently growing energy demand for heating by 4 % n
2050 [refative ta the Reference scenaria), desplte improving living standards and aconamic growth,

o In the Industry sector solar collectors, geothermal energy {mainky heat pumps] as well as electricity and
hydrogen from renewable sources.are increasingly substituting for fossil Tuel-fired systems.

o/ & shift from coal and ell te natural gas in the remalning conventional applications leads to a further
reductlan of CO, emissions.

Figure 21: Projection af heat supply by anergy carsler (REF, 20°C and 1.5%C)
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Table 27 Projection of rerewable heat supply (cooking and process haat]
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Table 28 shows the devalopment of different renewabio technologies for cooking and industrial process heat in
Bangladesh aver time. Siomass remains the main contributor, with increasing investments in highly efficient
madern blomass technology. After 2030, & massive growth of salar collectors and a growlng share of geathermal
and environmental beat as well 2s heat from renewable hydrogen can further reduce the dependence on fossl
fuels. The 1.59C scenario results in a complete substitution of the remalning gas consumption by hydrogen
genarated from renewable electricity,

Tabile 28: Mstabled capacities for renewable heat generation
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5.7.4 TRANSPORT

A key target in Bangladesh is to develop the transport sector with local avaitable and accepted technologies.
Bangladesh has among the highest densitles of rickshaws in Asia; About 2 million rickshaws, a majority is already
or is In the process of conversion towards battery efectri!:'drlve's. The 1.5%C scenario increases the use of electric
rickshaws and tri-cycles signiflcantly making them one of the backbones of the road transport systems, In
additian, all urban regians will shift the transport system to a high degree towards efficient rail, light rail and
buses, especially in the expanding large metropolitan areas.

Table 2%: Projecticn of transport enargy domand by mode

Along with rising prices for tossil fuels, these changes reduce the further growth in ar sales projected under the
Reference scenario. Due to population increase, GOP growth and higher living standards, energy demand from
the transport sector is expected to increase in the Reference scenario by around 678% to 990 Pifa in 2050, In the
2.0°C scenario, efficiency measures and modal shifts will save 44% (440 Pi/a) in 2050 compared to the Reference
SCEnaria.
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Additional modal shifts and technology switches lead to even higher energy savings in the 1.5°C scemario of 41%
1410 Plfa) in 2050 compared to the Reference scenario. Highly efficient propulsion technology with hybrid, plug-
in hybrid and battery-electric power trains will bring about large efficiency gains. By 2030, electricity will provide
5% of the transport sector's total energy demand in the 2.0°C, while in 2050 the share will be 15% (40% in the
1.5 scenario), Bio- and other synthetic fuels generated using renewable electricity are complementary options
to further Increase the renewahble share in the transport sector. However, due to the limited renewable
electricity generation potential within the country, the use of hydrogen for transport & limited to imported fuels.

Figure 22: Finad energy comsumption tranaport under the scenarias
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5.7.5 PRIMARY ENERGY CONSUMPTION

Considering the assumptions discussed above, the resulting primary ensrgy comsumption under both
REMEWABLES and the reference cases is shown |n Figure 23, Under the 2.0°C scenario, primary energy demand
will increase by 370% from today's 1230, P)fa to around 5000, Pifa,

Flgura 23: Projectian of total primary enargy demand by anergy carrier |incl. abectricity Imports balance)
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Compared to the Reference. scenario, averall primary energy demand will be reduced by 17% in 2050 under
the 2.0% scenario (REF; around 6000, PJ in 2050). The 1.5'C scenario results in a primary energy consumption
of around 4500 Pl in 2050 (incl. imports).

The REMEWABLE scenarips aim to phase out coal and oll as fast as technically and economically possible by
expansion of renewable energles and a fast intraduction of very efficient vehicle concepts e.g. plug-in hybrids
and electric rickshaws in the transport sector to repiace oil-hased combustion engines. This keads to an overall
remewable primary energy share of 33% In 2030 and £5% in 2050 in the 2.0°C and 100% in 2050 in the 1.5'C
case {excl. non-energy consumptian),

5.7.6 CO, EMISSIONS TRAJECTORIES

Whilst Bangladesh’s 0, emissions will Increase by a factor of & - from 67 million tons to aver 400 milllon tons
betwesn 2015 and 2050 under the REFERENCE scenaria, both RENEWABLES scenarios will result in a moderate
Increase to 123 million tons with a population increase from 157 ta 195 milllon pecple in the same period. As
such, annual per capita emissions will remain at around 0.5 tons. While the power demand will increase by a
facter of 10 in the 2.0°C case, overall CO, emissions of the electricity sector will double. In the long run,
efficiency gains and the increased wse of remewable electricity in vehicles will alsa dramatically reduce
emissions in the transport sector. With a 23 per cent share of CO,, the transport sector will be the second
largest source of emissions n 2050 in the 2.0°C scenario.

The 1.5%C case will fully decarbonize by 2050, In 2040, the electricity sector will emit 36 million tons €0, just
like the industry sector with egually high carbon emissions - mainly due to gas-based process heat generation,
Those two sectors combined represent 65% of the projected overall €0, emissions of Bangladesh in 2040, The
third biggest CO, emissians under the 1.5°C case in 2040 will be the transport sector with 25 million tons
[46%) by 2040, A full decarbonlsation of all sectors Is feasible with increased imported renewable energy (bio
energy and synthetic fuels).

Figure 24; Development of CO, emissions by sector under the RENEWABLES scenarios (‘Efficioncy’ = reduction
compared to the REFERENCE scenaria)
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5.7.7 COST ANALYSIS

5.7.7.1 Future costs of electricity peneration

Figure 25 shows that the Introduction of renewable technologies under both Repewable scenarios increases the
future costs of electricity generation compared to the Reference scenario until 2030, This difference in full cost of
generation will be less than 0.3 USS cent/kWh In the 2.0°C and about 0.5 USS cent/k'Wh in the 1.59C scenario. This
cost estimation excludes costs for storage. Possible additional costs for grid expansion reguirements are not
calculated as this was out of scope of this analysis. However, the significant increase of demand In Bangladesh
under the reference case as well as the two alternative scenanos indicate that grnd expansion will be require i any
case. Because of Increasing prices for conventional fuels and the lower CO. intensity of electricity generation,
electncity generation costs will become econcmically favorable after 2040 under the Renswable scenarias. By
2050, the cost will be 0,2 1.1 US% cent/kWh, respectively, below those in the Reference case. Figure 26 shows the
future generation costs under the assumption of a relative low carbon price starting in 2030 with 510 per ton of
CO, Increasing to 530 (2040) and 550 In 2050. The highest decarbonisation scenario |s the maost favorable one in
both cases.

Figure 25: Development of total electricity supply costs and of specific eleciricity generation casts in the scenarios — with no carban
custs
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Figure 26: Development of total electricity supply costs and of specific electricity generation costs in the scenarios <including carbon
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5.7.7.2 Future investments in the power sector

Argund LI5S 250 billion |5 required in imestment far the 2.0°C scenario to become reality (including inve  ents
for replacement after the economic lifetime of the plants) - approximately USS & billion per vear, USS 8 [llion
mare than in the Reference scenario (USS 170, billion), investments for the Renewables 2 scenario su ip 1o
U5S 310 billlon untll 2050, on average USS & billion per year. Under the Beference scenario, the | s of
Investment In conventlonal power plants add up to almost 97% while approximately 3% would be inv - ed In
renewable energles and cogeneration wntil 2050,

Under the Renewable scenarlos, however, Bangladesh would shift almost 84% (2.0°C case) respectively 88%
[1.59C) of the entire investment towards renewables and cogeneration, respectively, By 2030, the fossil fuel
share of power sector investment would be focused mainly on gas power plants. Because renewable energy has
no fuel casts, the fuel cost savings in the 2.0°C scenario reach a total of LSS 140 billlon up to 2060, USS 4 billion
per vear. The total fuel cost savings therefore would cover 180% of the total additional investments compared
to the Reference scenano, Fuel cost savings in the 1.59C scenario are even higher and add up to US5 200 billian,
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or US5 5 billion per year. Renewable energy sources would then go on to produce electricity without any further
fuel costs beyond 2050, whils costs for coal and gas will continue to be a burden on national economies.

Figure 27 Cumulative investment in power generation under the RENEWABREES scenarios and the REFERENCE sconario
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5.7.7.3 Future investrments in the heating sector

In the heating sector the Renewable energy scenarios would require a major revision of current investment
strategies in heating technologies, Solar thermal, geothermal and heat pump technologies need an enormous
Increase in installations if these potentials are to be tapped for the heating sector. The use of biomass for heating
purposes will shift from often traditional biomass teday to modern, efficient and emvircnmentally friendly
heating technologies in both Renewable scenarios.

Flgure 28: Cumulative imvestment in the heating technologles (generation] under the RENEWABLES scenarlos and the REFERENCE
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Renswable heating technologies are extremely variable, from low tech biomass stoves and unglazed solar
collectors to very sophisticated enhanced geothermal and solar systems. Thus, it can only be roughly estimated
that the 2.0°C scenario in total requires around USS 290 billion to be invested in renewable heating technologies
up to 2050 (including investments for replacement after the economic lifetime of the plants) - approximately UsSS
7 billion per year The 15°C scenario assumes an egually ambitious expansion of renewable technologies
resulting in an average investment of around USS & billian per year, while the main strategy in the scenaria is the
substitution of the remaining natural gas amounts with electricity, hydrogen or othar synthatic fuals,

5.7.8 INVESTMENT AND FUEL COST SAVINGS

Under the REMEWABLES case, the additional annual investment is estimated at $2.4 billion; compared to
REFEREMCE caze, the fuel cost saving would add up to $3.7 billion. Thus, reguired additional inwestment cost will
be more than refinanced by fuel cost savings, With high uncertainties in both future investment costs for power
generation equipment and fossil fuel prices, it seems certain, that the overall cost balance is economically
beneficial for the 2.0°C case,

Table 30; Accumulated investment costs for electricity generation and fuel cost savings under the RENEWABLES scenario compared to
the REFEREMCE scenario [REF minus 2.09¢)

2013 - 2050
ACCUMULATED INVESTMENT COSTS HI-2000  F021-2030  2031-2040  2041-2050  BOAI-2050  average per
corveent anal [fassil + nuclear billion 5 (¥ 384 474 ol 1157 in
ierwrwalies [incl. CHP) billien & ol -368 -7L8 -100.4 -10B3 54
total billion & 03 1.7 fril ] k] 532 .
ACCUMULATED FLAEL COST SAVINGS
SRS cumulat ve Rengwadilas 1 versus Reference
fosd ail bilkian & 15 1500 a2 53 ne E
Eal biltan 5 -Ada -29.1 -59 1wz =252 -06
hand coad billion 5 oo s 18 B s in
lignite billaon & aag ] a4 ag (] o
nuchear enengy billian & ag 1 61 106 1EE 03
tatal hilkion 5§ i <16 50,2 6.7 1434 iy

Table 31: Accumulated investment costs lor heat generation under the 2.0°C scanario compared to the REFERENCE scenario

2012 - 2050
ACCUBSLILATED INVESTMENT COATS MNENH 20012030 20813040 3041-250  D012-2050  awerage per
Difference Reference minis 20 °C \fear
i bilion' 68 B ®A 1B 65 66

Under the 159 case, the additional Investment fs estimated at around US53.8 billlon; compared to the
REFEREMCE case, tho fuel cost saving would add up to 55.0 billion without the transport sector. Just as In the
2,0°C case, the 15YC case leads to fuel cost savings that will more than refinance the investment cost for
refewabile power peneration
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Tabls 32: Accumulated investment costs for eloctricity genaration and fued cost savings under the 1.5°C scenario compared to tho
HEFERENCE sconario [REF minus 1,57C]

2012 - 2050
ACCUMULATED INYESTMENT COSTS H013-W020  025-2080 200I-3040  MOE1-30S0  ROL2-2040 m:m
Difference Reference mimes 1.5 °C vy
conpentonal |fossil + ruclear bilkon & 2% 427 482 1 125.% 12
rerwailies |l CHF) bdlFien 5 al -84 -108.4 -126.0 -3TLT -7
todal bl hiwn & 246 a3 502 -04.9 -147.2 -3.8
ACCUMULATED FLEL COST SAVINGS
Sawngd aufrrulalivg 150 verig Ruléienie
sl il bition 5 25 14.8 a1 53 £k ] a8
[t baitian & -84 -1 4 A1 aih L7 0%
hard coal biian & aa 116 a14 &7.5 1225 31
tignite billian % aa oo oo 04 1] an
Tt e ey Eallian & a 27 Ta 117 ni Q4.5
Al bililan & L5 -3F 534 1470 1853 500

Table 33: Accumilsted investment costs for heat generstion under the 1.50C scenaria compared to thi BEFERENCE scenaris

212 - 2050
ACCUNLLATED INVESTRENT COSTS MO1-3020 2001-20%0  2021-2040 Ha1-250 10133050 average per
Difference 1.57C minus Reference |y
L] _biliion 5 bi L] #0:5 a4 1643 3.0 BT

5.8 BANGLADESH POWER SECTOR AMALYSIS

This section summarizes the results of the hourly simulation of the long-term scanario projections of section 5.7,
The [R]E 24/ Tmodel calculates demand and supply by cluster,

5.8.1 BANGLADESH: POWER SECTOR ANALYSIS

The electriclty market in Bangladesh is in dymamic development. The government of Bangladesh ks making great
efforts to increase the reliability of the power supply and at the same time, developing unlversal access to
electric power. |n 2015, about 74 percent had access to electricity, up from 20 per cent In 1990 [SREP |P 2015)80.
I 2016, the Government of Bangladesh launched the Power System Master Plan 2016, which covers the period
fram 2016 to 2041, The Power Systern Master Plan (PSPMP) 2016 is sponsared by Japan International Cooperation
Agency (JICA) and aims to “[..] assisting the Bangladesh in formulating an extensive energy and power
development plan up to the year 2041, covering energy balance, power balance, and tarff strategies”
Furthermaore, the Bangladesh government declared its intention to “[..] develop the country in order to become
ane of the advanced countries by 2041 as the key goal of VISIONZ041. To achieve the VISION, this master plan
defines the intended goal and “five key viewpoints® that are to be kept in mind by all the members who are
involved in the realization of the goal

The five key view points in the PSMP 2016 ane:
1, Emhancement of imported energy Infrastructure and Its flexible operation
Efficlent development and utllization of domestic natural resources (gas and coal)
Construction of a robust, high-guality power network
Maximization of green energy and pramotion of its intfeduction
Improverment of human rescurces and mechanisms related Lo Uhe stable supply of emergy
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This analysis took those key points in the centre of the scenario development Tor both RENEWABLES cases but
focuses on renewable and sustainable local resources and avalds limited and unsustainable resources coal, oil
and gas as much as possible. Foreign technologies - such as nuclear power - are nat considerad 1o avoid high
economic and logistical dependencies to foreign countries for Bangladesh future generations.

5.8.1.1 Bangladesh: development of power plant capacities

The PSMP 2016 Tor Bangladesh would lead to & high dependence of imported fuels and technologles. By 2040,
the power plant capacities for gas and coal weuld Increase to around 15 to 18 W each - depending on the
scenario, while slx nuclear reactors with a capacity of 1,200 MW each would have to be |nstalled. This section
provides an cverview about the development of the power sector under two renswable and energy efficlancy-
based scenarios. The 2,0°C case will Iead to a renswabie energy share of 59 per cent by 2040 and 76 par cent hy
2050, while the 1.57C coss will lead to 69 percent (2040) and 100% (2050,

Tabla 34: Bangladesh: avarage annual change in installed powser plant capacity

Powar Generatien; average annoal changs of Ins talled ca pacity

fE'ﬂ'.'lll 201 5. 2015 202 52035 203 6-2050
2.0-C 1.5C 20-C '15C 28C 1.5-C
Hard coal 0134 - - - -
0.01% 0008 O02B 0092 0.040
Lijg nite 009 ©od0 0000 Q00 D000 0.000
Gak 0.B0F @573 047 O.J83 = =
0453 4.170
Hydrogan Gas o000 e001 0000 0007 0000 4475
ol Djes el
0.¥83 0.329 0004 Q004 D008 Q004
Mucle ar DRSS 0000 0000 0000 0000 NOOD
Biomass 0353 0441 0226 Q355 1406 1487
Wydra 0003 ©¢0od3 0422 0022 D006 OUDD6
Wind {On shara) 0031 0414 0311 0340 03508 0.550
Wind {Off share) 0oos 0313 0299 0384 166l 1755
PV |roat tog) 0483 1.124 4937 6167 1410 3479
P futiliny acale) Bi61 0.708 1646 Lfse  04AY 184D
Geothermal g 0.000 0000 S000 0000 Q000
Solar the rmal powor plants omg ©oood o000 o000 0000 2 O0.000
Ocean energy o0d 0030 0003 D000 DODD  O.000

The annual installation mtes for solar PV installations must increase to around 5 GW between 2025 and 2035
and further increase to around 10 GW per year - the PV market size in lapan in 2017 - until 2050 in both
REMEWABLES cases, By 2035, the installation rates for offshore wind must be around 1.6 GW in the L0°C case
and 2.8 GW in the 1,5°C case, Onshore wind power piants have significant potential for all three coastal districts
of Bangladesh. Solar PV and offshore wind are the key renewable energy technologies to achieving the
decarbonisation targets.

5.8.1.2 Bangladesh: utilization of power-generation capacities

The division of Bangladesh into elght sub-regions is intended to reflect the main administrative subdivisions and
it is assumed that interconnection will increase to 15% in 2020 and 20% In 2050, Both scenarios aim for an even
distribution of variable power plant capacities acress all regions of Bangladesh, By 2030, the variable power
generation will reach 20% In most reglons, whereas dispatchable renewables will supply between 25% and 35%
of the demand by 2030,
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Table 35: Bangladesh: power system shares by technology group
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Bangladesh's average capacity factors for the entire power plant fleet remain at around 35% over the entire
modelling period, as the calculation results in Table 36 show. The low calculated capacity factor for 2015 is due
to installed pas power plant capacities which haven't generated electricity yet, Contributions from limited
dizpatchable fossil power plants will remain low until 2020 and indicate that only those coal power plants will
produce elactricity which have been under construction in 2018. However, coal will be phased out by 2050 in

both REMEWABLES cases.

Table 36: Banglade sh: capacity facters by generation type
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5.8.1.3 Bangladesh: development of load, generation, and residual load

Table 37 shows that Bangladesh's lpad is predicted to double or triple in afl eight sub-regions between 2020 and
2030 Under both RENEWABLES casas, additional interconnection between regions will increase-beyond the
assumed 20% of maximum load interconnection-but may only be required for the coastal regions towards the
centre of Bangladesh due to high shares of offshare wind. However, for the 1.5°%C case, interconnections must
increase above capacities calculated for 2.0°C due to higher wind shares,

Table 37: Bangladesh: boad, generation, and residual load development

Power Generation
‘Struchure 10 1.5%
P M= Mlax M.au Load Hax (5B Pokax Blax Ln:r;:l
Demand Generation Residual Development Demand Gepsration Resideal Develapment
Load {Base year Load [Base year
PLipii}] i )]
Wi IEW] [G¥] 1%] [aW] [aW] [aw] (%]
2620 1.0 140 (184 100 % 1.0 1.6 0.1 100
Rangpur 030 2.3 123 (4% § 229'% -3 35 01 134K,
2050 B.S 13.1 2.1 a9 5% 1 11.9 3.0 TIO%:
Z020 13 o6 0.6 100% 1.3 2.2 a1 1005
Bifshahl 2030 .7 32 12 1% 7 4.2 o 116%
2050 TE 11.8 17 oG B3 158 19 BRIN
020 o7 148 0. 100 % o7 1.3 D.Q 1 5
Mymensingh 2050 L8 15 6 § 247 1.8 1.6 0.2 151 %
2050 5.8 7.0 21 TI% 6.1 B.& 0 B30
2020 . 18 15 100 % 33 5.7 0.2 100%
Bhaka 2030 7.3 &0 ER 23k % 1B 16.7 0.3 FEFR
P 745 30.3 14.5 TA1%, 6.5 40,1 116 TaaH
2020 L1 0.6 0.5 100 5 11 1.3 0.1 100 %
Ehulna 2030 2.2 Pk | 0.8 200 2 3.7 o1 O
20E0 549 15.8 2.4 551% 6.5 141 13 508 %
020 o3 0.6 18 100 % o7 11 n.a 100 %
Barinal 2030 1.3 1% .4 186 % 13 23 f.1 150 %,
050 aZ £3.2 1.1 AEA 1.6 B.6 0.7 510%
020 1.4 74 a1 100 % L5 3.2 0.1 100%
Chittagang 2030 4.2 5.7 aL 220% 4.3 E7 0.1 4%
250 13 2.1 4K G71% 115 25.2 53 TA1%
2020 0.6 o0 0.6 100% 06 11 00 160 %
Sylhat 2030 0.8 1.& 11 133% 0.1 2.3 0.8 15%
2050 1.4 59 2.5 4205 18 T8 1.8 6%

The load i the northern regions Rangpur and Mymensingh, the central region Dhaka and the southern part
Chittagong increases by factor 5 to 7, while the north-sastern part Sylhet has the lowest [ncrease by factor 4. The
lower the maximum residual load — the difference between the demand and generation load — the higher the
generation concentrathon. Dhaka for éxample has a load of 25 GW in 2050 under the RENEWABLES 1 case, the
maximum reglonal peneration gap was 14.5 GW., In contrast, Barisal was almast any tme able to supply the local
load 1o-a large extend, maximurm generation gap was only1.1 GW in aur caleulation.

In comparison to the PSMP 2016, the devefopment of peak load across Bangladesh in both RENEWABLES cazes
are similar. While the PSMP 2016 calculabes a peak load 20 GW for 2025 and around 27 GW by 2030, the peak
Ipad in both RENEWABLE cases increases to 23 GW by 2030,
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Table 38 shows tha storage and dispatch requirements under both REMEWABLE scenarios. All the regions remain
within the maximum curtailment target af 10%. Charging capacities are moderate compared with other world
regions, Compared to all other world regions, hydrogen dispatch utifization s very low due to a2 relatively
moderats increase in the gas and hydrogen capacities in Bangladesh,

Table 18: Bangladesh; storage and dispatch service requirements

20 e
Storage and Dispatch
Banglatash Reguired to avoid Utllization Bastery  Requimd o aveld Utiliz ation Battary
curtailmant thraugh-put curtailment -throug h-put-
[ewWhi] [eWhi] BWh/) [aWhys]
20210 o a 1] (4]
Rangaur 030 1] a ] 1]
2050 el e & 3079 783
020 o o ! @
Hajshahl 2030 24 i1 14 L)
050 1,678 1,017 6,215 1178
010 1] ] ] o
Myrmensng b 2030 o a o 1]
2050 180 mi 1,300 514
2020 o a ] a
Oiaka 2030 1 ! 1] 4]
2050 1,499 1486 7534 2576
2020 i} a i} i ]
Khulna 1030 104 FE| 26 a
2058 10,223 02 8,140 20
2020 ] o ] 4]
Bar|sal 2030 59 17 56 i
2060 15,642 41 6068 ana
2020 ] ! 1] Q
Chttagong 030 12 o 4 a
20590 6511 1446 10,770 16
2020 1] o 0 1]
Sylhat 2030 3 1 1 4]
1050 41 LLE] 2,531 563
2020 o o o @
2030 LLE] 55 104 1
Tatal 2050 38,657 5,583 A5,647 197

5.9 EMPLOYMENT ANALYSIS

The 2.0°C scenario resufts in more energy sector jobs in Bangladesh at every stage of the projection.
+" There are (L9 million energy sectar jobs in the 2.0°C in 2020, and 0.3 million in the REF scenanio,
' In 2030, there are 1 million jobs in the 2.0C scenario, and 0,2 millian in the 5.0C scenanio,

« |n 2050, there are 1.1 million jobs in the 2,0 scenario and 0,1 milllon in the 5.0C scenario,

Strong growth in renewable energy leads to an increase of 268% in total energy sactor jobs in the 20°C scenario
by 2020, By 2030, energy [obs are more than double 2015 |evels, Renewahle energy accounts for 95% at 2030,
with PV having the greatest share (55%), followed by biomass, wind, and salar heating,
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Table 2% Bangladesh's total employmant (thousand jobs) in the REFERENCE and 2.0°C sconarios
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Flgure 28 shows the change In job numbers under both scenarios for eath technology bebwesn 2015 and 2030, Jobs in the 5.0C
Seennfio drop to -TH below 2015 levels by 2020 and then remaln quite stable o 20340,
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Figure 29: Emplayrment development under the RENEWABLES scenarios and REFEREMNCE scenario

5.10 CONSLUSION [R]E 24/7 MODELLING

Both RENMEWABLE scenarlos use Bangladesh's renewable energy resources to the maximum in order to reduce
enirgy imports dependence and to utllize local resources, Bangladesh will significantly Increase its power
demand — under each power generation scenarla. Thius, power grids will have to expand, and power generation

will have to be Increased by an order of magnitude,
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A renewable energy dominated power generation requires a different infrastructural desigr than a fossil and
nuclear power dominated futwre. In order to harvest Bangiadesh's offshore wind and solar resources, the
power grid needs to be able to transport large loads from the coast further north inland, while decentrallzed
will shouldar a significant part of the residential sector. Offshore wind requires transmission lines to the foad
centres of Bangladesh.

After 2045, the dispatchable conventional gas power plants will be converted to operate on hydrogen and/or
synthatic fuels o avaid stranded investments and also to move the country towards decarbonized power
system, Most of dispatch power in 2050 will come from gas power by using existing infrastructure to transport
and store hydrogen and/or synthetic fuels. More research is required to assess how existing gas pipelines in
Bangladesh can be converted to renewable fuels plpelines, A full decarbonisation of all sectors seems possible
with Increased import shares of renewable electricity and fuels, However more research s required to find
alternative renewable energy supply options for the Industry sector in Bangladesh.

A 100% eloctricity supply from repewable energy resources requires around 2006W installed generation
capacity by 2050, The annual installation rates for solar PV installations must Increase to around 5 GW
between 2025 and 2035 and further increase to around 10 GW per year untll 2050, Further research is also
requlred 1o specify locations of utllity scale floating solar photovaltaic to optimize their distribution regarding
supply and to reduce storage demarid.

Bangladesh has the technical possibilities to implement new innavative technologles and to reduce |ts future
dependence on energy imports significantly. The renewable power generation resources of Bangladesh can
supply the country with reliable power generation, however, the unigue pecgraphical and metearological
cireumstances reguire further adaption of the exsting technologies suck as:

® [loating storage devices to avoid battery damage In flocding situations

# Floating solar photovoltaic devices suitable for rivers and tidal waters
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APPENDIX

The following tables set out the costs for power penerstion for the range of technologies used in the
modelling. These are based on up-to-date data and current market developments, as described in section
3.2.3, The specific investment casts in 5/kW are detailed in Table 40 and ongoing operation and maintenance
costs in 5 kW /year are shown in Table 41.

Tabile & Specific imvestmant costs for power generation

In $ AW 2015 2020 2030 2040 2050
Power planis Biomass and waste power plant 3,145 2,969 2.867 2,750 2,691
Coal power plant 1,411 1,390 1,356 1,321 1,287
Diesel generatar an7 507 ap7 an7 a7
Gas power plant 768 751 715 678 CT
Gegthermal pawer plant 12,579 8,507 6,509 5,409 4,652
Hydro large 3,466 3573 3,734 3,869 3,387
Hyddre small 3,456 3,573 3,734 3,850 3,987
Ligriite pawer plant 1,645 1,600 1,575 1,540 1,507
huclear power plant 6,615 6,615 6.615 6,615 6,615
Ocean snergy power plant 4,710 3,364 2,340 1,943 1,730
Ol gemer plant ag7 Q48 410 B72 EET
P power plant 1,817 1,682 1,305 1,059 1,078
Salar thermal power plant 5,787 4,705 3,798 3,595 3,479
Wind turbine offshare 5,631 3,876 3,072 2,775 2,386
Wind turhine orshare 1,519 1,316 1,305 1,312 1,371
:nm Electralysis 893 T 746 746 746
CHP for Power CHP Béomass and wasta 5,150 4,505 3,934 3626 3,445
f];rz::iun g CHP Caal 1,650 1,919 1,872 1,824 1.7
CHP Fusl call 1,736 1,346 1,214 1,155 1,141
CHP Gas 1,038 g5 a7a 954 933
CHP Genthermal 13,456 11,408 8,068 7,606 6,582
CHP Lignita 1,950 1,919 1,872 1,824 1,713
CHP ol 1,340 1,312 1,259 1,205 1,153
Bulldings / CHP Biomass and waste 'I{.SI-E 7,486 2.4“ 7418 1381
ol e Coal 1988 1819 1872 1828 1777
CHP Fuel cefl 1,736 1,346 1,214 1,155 1,141
£HP Gias 365 811 804 780 75
CHP Geothermal 15 456 11,409 E.Dﬁl T,ﬁﬂﬁ i 6,582
CHP Lignita 1,950 1,918 1LAT2: 1824 1,777
cHp el 1,339 1312 1,259 1,205 1,153
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Table 41: Operation and malntenance costs for power generation technologles

in MW /a

Perwar plante

production
CHP far Power
Generation

R for

CHP for
Bubldings /
Other small
Scale

015 2020 2030 040 ‘1050
Blomass and waste powar plant 1891 1783 1720 LLER 1627
Coal power plant 30.8 9.7 287 23 m.7
Diesel generator 11Z6 1126 1126 1136 11%6
Gas . power plant 3.7 Ir.1 0.6 18.6 17 .8
Geothermal power plant SAEE 4266 3244 10259 26T
Hydro Targe 139.0 1433 1442 1550 1584
Hydro small 139.0 1433 1453 1550 158.4
Lignite power plant &l 6.5 59 5.4 249
Husciear power plant 162.0 1620 1620 162.0 162.0
Ocean energy power plant 1B8.T 134.7 2.0 Ta.2 5.0
0il power plant 1.4 1.7 20.3 14 .8 174
P power plant .7 219 15.4 147 154
Solar thermal power plant 350.9 mg.n 13318 2150 196.4
Wind wrblne alshare 2095 1645 1336 126.6 1082
Wind wrbine anshore 56 .5 55.9 56.8 59 .8 E2.6
Electrolysis 173 168 14.5 s s
C'H P Blarnass and waste 361.3 3159 275.0 1545 2413
CHRP Coal GE.7 ar.3 65.8 B4 i B2.9
CH# Gas 4.4 38.5 395 38.0 £ ]
CHF Geothermal 4871 4095 3413 1984 1721
CHP Lignite EL.9 &0.4 775 761 T3l
CHP Dil 48 .3 468 434 a4 410
CHP Biomass and waste 53,6 3.4 746 627 829
CHP Coal 687 BT (B5E B4 628
EHE Fuslcell BE.3 673 614 6.5 570
CHP Gas 24 3ws a5 M0 0
CHP Gestharmal 239 311 2223 1109 Eloa
CHE Lignke Bi.9 #0.4 7735 761 731
CHP ol 48.3 468 29 az.a 1.0
CHP Biomass and waste 101.7 5.5 8.0 95 .5 851
CHP Coal EB.O G673 65.R 644 BE2.9
CHP Fuel call BE.3 673 Bl.4 58.5 57.0
CHP Gas 358 366 Fr2 322 0.7
CHI' Geotharmal 1399 2311 2223 2209 11594
CHI Lignite §1.9 a0.4 7.5 76.3 Ta

86
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