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Abstract 
Bangladesh is facing a growing demand for sustainable and reliable energy sources due to challenges posed by rapid industrialization 
and a high dependency on imported fossil fuels. Climate change is another major issue. Offshore wind energy presents a promising 
opportunity to diversify Bangladesh’s energy mix and provide a cleaner source of energy. This review explores the potential of offshore 
wind energy, wind resource availability at various sites, technological adaptations, and offshore policy frameworks for Bangladesh. The 
study identifies optimal sites for offshore wind development in Bangladesh, including Cox’s Bazar, Sandwip, and the Bay of Bengal. It also 
identifies key challenges, including the absence of a dedicated offshore wind policy, cyclone resilience, and the effects of high humidity 
on offshore wind turbines. The paper draws lessons from pioneer countries such as China and the UK to propose a phased roadmap
for Bangladesh. Some strategic recommendations are highlighted, such as establishing a national offshore wind authority, adopting
cyclone-resistant turbine designs, and implementing financial incentives to attract investment. By addressing technical, economic,
and regulatory barriers, Bangladesh can harness enough offshore wind energy to achieve its renewable energy targets by 2041.

Graphical Abstr act

Lay s ummary
Bangladesh explores offshore wind power utilization to tackle increasing electricity demand while trying to minimize the use of fossil 
fuels. This study reviews research and global experiences to assess opportunities in offshore areas such as Cox’s Bazar, Sandwip, and 
the Bay of Bengal. We find strong potential for offshore wind, but also challenges, e.g. cyclone risks, policy gaps, and high investment 
costs. We outlined a roadmap for cyclone-resilient turbine designs, dedicated policies, and investment incentives. Offshore wind
could help Bangladesh to reach its 40% renewable energy target by 2041 and support sustainable energy development.
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Introduction 
Bangladesh’s growing population and rapid industrialization have 
significantly increased the energy demand within the country. 
As a result, it is placing considerable strain on Bangladesh’s
limited natural resources [1]. The growing energy demand has 
led to frequent power outages and increased electricity costs
[2]. Inadequate transmission infrastructure is another big issue 
for the nation’s energy sector [3]. Moreover, the country’s heavy 
reliance on imported fossil fuels and its negative impact on the 
country’s climate change further highlight the urgency of a tran-
sition toward sustainable energy sources. The import of electricity, 
which reached 16 715 million kWh, has raised concerns because
it has increased by 60.3% compared to the previous fiscal year [4]. 
In response to these challenges, the Government of Bangladesh 
has set ambitious energy targets. The goal is to include total 
power generation capacity of 40 000 MW by 2030 and 60 000 MW
by 2041, and 40% of this capacity is expected to come from
renewable sources by 2041 [4]. However, as shown in Fig. 1,  the  
progress has been going slowly in recent years, with hydroelectric 
power remaining static compared to the previous year and wind
energy contributing only 60 MW to the national grid, despite the
government’s commitments.

Currently, the most widely adopted renewable energy source 
globally is wind ener gy, although it is still underutilized in
Bangladesh [5]. Offshore wind energy mostly remains untapped 
in the country. Bangladesh has a 574-km-long coastline with 
numerous islands. To enhance energy security and contribute 
to carbon neutrality, the Bay of Bengal presents an opportunity to
harness its vast resources and convert them into useful energy [6]. 
Bangladesh is well positioned to capitalize on the strong south-
westerly winds during the summer and the north-easterly winds
during the winter months [7]. But the lack of technical expertise, 
insufficient research, and financial backing are some of the key 
reasons for the failure to harness wind energy from offshore 
areas. As a result, the development o f offshore wind energy in
Bangladesh is still in its early stages and is stalled with several
challenges [8]. 

To fully unlock the potential of offshore wind at the Bay of 
Bengal and other coastal areas, the government of Bangladesh 
needs to take some initiatives. Establishing a clear policy frame-
work with financial incentives, long-term power purchase agree-
ments, and regulatory guidelines to attract investment, along with 

the development of necessary infrastructure such as grid sys-
tems and offshore transportation methods to support large-scale 
projects is crucial in this regard. A good amount of investment 
in capacity-building initiatives, such as w orkforce training, R&D
on wind resource assessments, and feasibility studies, will also be
necessary to identify optimal locations for offshore wind farms.
Without strategic actions, Bangladesh might fall behind in the
global wind energy market and fail to tackle national energy-
related challenges.

Most of the studies conducted in wind energy previously for 
Bangladesh are on onshore wind energy, and there are few stud-
ies that discusses about offshore wind potential in Bangladesh.
Table 1 highlights some of the research examining the potential 
of offshore wind energy in Bangladesh, providing key findings 
as well as challenges associated with offshore wind energy, but 
there remain several important research gaps. First, the exist-
ing literature does not provide any systematic understanding of 
policy, technological, and socio-economic considerations, a gap 
addressed in this review via a phased approach. Second, existing 
Bangladesh offshore wind feasibility studies do not adequately 
account for specific risks to the region, such as cyclones, humidity, 
and seabed issues. This study addresses these specifics through 
the consideration of cyclone proofing and changes to materials. 
Third, Bangladesh’s energy policies acknowledge offshore wind 
development, but there are no investment incentives for offshore 
wind alone, nor protections for marine biodiversity. This paper 
fills this gap by reviewing international equivalence (e.g. the UK’s 
‘Contracts for Difference’ scheme) and providing policy options
tailored for Bangladesh. Finally, the socio-economic implications
(e.g. fisheries and coastal communities) and the details of techno-
economic assessments (e.g. Levelized Cost of Energy) were not
addressed in previous studies. Here, these gaps are addressed by
proposing Integrated Coastal Zone Management (ICZM) strategies
and greater cost modeling. Together, these gaps have been system-
atically addressed to expand theoretical discussions into practical
policy-oriented recommendations for stakeholders.

To respond to the research and knowledge gaps above, this 
article aims to review the offshore wind energy prospects in 
Bangladesh. The focus is on the Bay of Bengal and coastal regions 
such as Cox’s Bazar and Sandwip. We will identify resour ce avail-
ability, technological needs, policy gaps, and environmental/social
implications. The time frame covered publications between 2000

Figure 1. Total energy installed capacity by fuel type 2022–2023 and 2023–2024 [4].

D
ow

nloaded from
 https://academ

ic.oup.com
/ooenergy/article/doi/10.1093/ooenergy/oiaf015/8440987 by PN

N
L Technical Library user on 21 July 2026



Strategic roadmap for offshore wind energy development in Bangladesh | 3

Table 1. Key findings and gaps in some research related to wind ener gy in Bangladesh.

Research title Key findings Research gap 

Wind energy analysis in 
the coastal r egion of 
Bangladesh [9] 

• Identified Char Fasson and Monpura as 
high-potential coastal areas with wind speed 
7.3 m/s at 100 m height 

• Suitable for a lo w-wind-speed wind farm 

• Economic feasibility: ROI (return on investment) and 
cost–benef it calculations are not discussed 

• Offshore potentiality: discussed coastal sites, ignored 
deeper offshore locations 

• Policy gaps: no recommendation for go vernment or 
industry adoption 

Present energy scenario 
and future ener gy mix of 
Bangladesh [10] 

• Proposed energy mix possibilities until 2041: 25% 
coal, 25% gas, 35% rene wables 

• Highlighted land scarcity and policy barriers for the 
deployment of renewable ener gy 

• Grid resilience: no discussion found on grid 
modernization and its challenges for various 
renewable s 

• Emerging technologies: the hybrid solar–wind system 
was not explor ed 

A wind energy potential, 
progress, and challenges 
in Bangladesh: a revie w
[11] 

• Discussed coastal and offshore locations such as 
Char Fashion, Cox’s Bazar, ha ving wind speeds 
>7 m/s at 100 m height 

• Highlighted the already running 60-MW on-grid 
onshore wind farm at Co x’s Bazar as a milestone for 
Bangladesh 

• Estimated CO2 r eduction potential 
• Reviewed the gaps between global wind energy 

trends and Bangladesh wind energy t rends 

• Data scarcity: the study highly relied on inconsistent 
Bangladesh meteorolog ical data 

• Economic viability: no detailed LCOE or ROI 
calculation and cost–benefit anal ysis 

• Grid integration: no study on storage solutions 
• Offshore potential: limited exploration 
• Social and environmental acceptance: no study on 

local community resistance, bird/bat collision risks 
for t he Bangladesh ecosystem 

Offshore wind energy 
estimation in the Bay of 
Bengal with satellite 
wind measurement [12] 

• Developed the first offshore wind atlas for the Ba y of 
Bengal using satellite data (ASAR) 

• Studied a test case of a 400-MW wind farm having 
1693 GWh AEP 

• Validation gap: no ground-truth data t o validate 
satellite models 

• Feasibility: missing LCOE or pr oject financing insights 
• Social and environmental acceptance: environmental 

(marine life) and social (fishing community) impacts 
are unad dressed 

Potentiality of wind 
power generation a long 
the Bangladesh coast [13] 

• Found peak wind speed 3–6 m/s from June to August 
near coastal ar eas 

• Highlighted offshore wind potential during t he 
April–August period 

• Proposed policy incentives: tax exemptions, 
subsidies, and FDI for wind energy de velopment 

• Data limitations: lacks data validation, relies hea vily 
on r emote sensing 

• Economic barriers: no cost analysis for wind projects 
sho wn 

• Seasonal dependency: no solution proposed for 
low-wind-speed months (October–F ebruary) 

• Social and environmental acceptance: no assessment 
of the coastline comm unities (fishing, tourism) o r 
marine life 

A critical analysis of 
wind energy generation 
potential in differ ent 
regions of Bangladesh
[14] 

• Found Sandwip as a potential location for wind 
energy, having an average wind speed of 4.89 m/s at 
50 m height, peaking at 5.18 m/s 

• A resource assessment was conducted using the 
Weibull probability function and found that the 
power density method is best for potentiality 
anal ysis 

• Suggested Enercon E-40 and E-48 as suitable wind 
turbines for Sandwip 

• Wind energy density found for Sandwip is 
281.10 kWh/m2 in July, a nd wind power density 
peaking at 243.20 W/m 2 

• Data validity: reliance on data from NASA without 
validation from a gr ound test measurement or 
long-term location data 

• Economic analysis: no LCOE or payback period 
calculations for proposed wind turbines 

• Grid integration: no study on storage r equirements 
and grid stability 

• Environmental impact: nothing highlighted on 
ecological and environmental effects (bird collision, 
marine life, noise pollution) in Sand wip 

Offshore wind energy 
fundamentals for 
Bangladesh (NREL and 
USAID) [15] 

• High offshore potential near Cox’s Bazar and 
Matarbari with average wind speed 6–8 m/s at 160 m 
hub height 

• Proposed floating OWT for deeper seawater zones 
and fixed-bottom OWT for shallow-wa ter sites 

• Emphasized port infrastructures and grid upgr ades 

• Seabed analysis: lack of high-resolution seabed 
survey s for precise turbine sitting 

• Economic viability: no detailed LCOE comparison 
shown on floating and f ixed-bottom OTW for the 
Bangladesh sea conditions 

• Environmental aspect: showed minimal assessment 
on marine ecosystem disruption 

• Social acceptance: there is no study about the impact 
on the livelihood of coastal communities 
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and 2025, with an emphasis on the last decade (2015–2025) to 
capture recent technological, policy, and environmental devel-
opments. Sources were gathered from Scopus-indexed journals 
along with gray literature from International Renewable Energy 
Agency (IRENA), Global Wind Energy Council (GWEC), World Bank,
National Renewable Energy Laboratory (NREL), and Bangladesh
Power Development Board (BPDB).

The analysis is structured into four main themes: 

• Wind resource potential: evaluate wind speed, wind power 
density, and site suitability in Bangladesh.

• Technological adaptations: cyclone-resilient turbines, float-
ing versus fixed foundations, and material durability in
humid/marine environments.

• Policy and governance: absence of dedicated offshore wind 
policy, need for institutional fr ameworks, and lessons from
international experience.

• Environmental and socio-economic: impacts on biodiversity, 
fisheries, livelihoods, and integration into coastal zone man-
agement.

The analysis compared policy maturity, financing models, and 
technological readiness between global leaders and Bangladesh. 
The findings of the abov e themes were consolidated into a strate-
gic roadmap for Bangladesh.

Offshore wind tec hnology
For more than 200 years, onshore wind technology has been used, 
and in recent years, it has undergone a very successful techni-
cal revolution [16]. Offshore wind farms are gradually starting 
to thrive since offshore wind energy technology has developed
significantly [16]. The growing field of offshore wind technology 
started to flourish in the 2000s, ev en though the technology had
been established for three decades [17]. Onshore and offshore 
wind technologies differ primarily in their installation environ-
ments for foundation, which is considerably mor e complicated
in the sea for both design and construction, and operation [18, 
19]. Compared to onshore wind farms, offshore wind farms have 
greater flexibility in choosing their places of operation. Addition-
ally, offshore wind farms are often situated distant from crowded
locations, meaning that communities are less affected by noise
and appearance [16]. 

There are several foundation options for offshore wind tur-
bines, and the choice relies primarily o n the terrain, water depth,
and turbine size [20]. There are two types of offshore wind tur-
bines (OWTs), depending on the depth of the water: fixed-bottom
OWT and floating OWT [21]. 

Fixed-bottom wind turbines
Fixed-bottom OWTs are generally of three types such as tripod 
substructure type, monopile substructure type , and jacket sub-
structure type, shown in Fig. 2. 

(a) Monopile substructure: In shallow water (≤40 m), monopiles 
are the most commonly used substructure foundation for 
contemporary offshore wind farms. Usually 4–6 m in diam-
eter and up to 1000 tons in mass, these monopiles are 
made of steel tubular sections, or pipe piles, which carry the 
applied vertical and larger lateral loading onto the bottom
foundation [19]. 

(b) Tripod substructure:  At  ≥45 m, tripod substructures are a 
cost-effective option and ideal for areas with medium-to-
dense sands or stiff clays, but adaptable to gentler soils 

Figure 2. Fixed-bottom offshore wind turbine: (a) tripod substructure, (b) 
monopile substructure, (c) jacket substructure. 

as well. A large-diameter central steel tubular section and 
the seafloor are joined to three-legged tripod bases to form 
tripods. To improve the stability and stiffness of the entire 
offshore wind turbine substructure, these three piles are
buried 10–20 m into the seabed [22] 

(c) Jacket substructure:  For  deeper  water  up  to  60  m,  a  ja  cket  
or braced frame substructure is generally used [22]. Like 
tripods, jacket frame structures are made of a lattice frame of 
small-diameter steel struts that are secured to the seafloor 
using one of the various foundation solutions. Because the 
strut components provide less resistance to the dominant 
ocean waves and current flow than monopile or tripod struc-
tures, braced frame structures are especially well suited for
harsh maritime weather [19 ]. 

Floating wind turbines
The four main types of floating OWTs are spar buoy, semi-
submersible, tension leg platform (TLP), and barge, shown in Fig. 3. 

(a) Spar buoy: One of the most established offshore wind energy 
technologies is the spar-type floating wind turbine (FOWT) 
concept, which was initially operated in Statoil’s Hywind 
project in 2009 and then in Scotland’s first commercial float-
ing wind farm in 2020. By employing the correlation between 
buoyancy and gravity, the spar-type floating platform pro-
vides stability by placing its center of gravity far below its 
center of buoyancy. Because of its huge draft and lengthy 
submerged column, this design requires dee p seas (usually 
>100 m). But it produces superior stability and resistance to 
currents. The platform is made up of a deep-draft vertical 
cylinder for buoyancy and a catenary or semi-taut mooring
system for station-keeping. It can be ballasted vertically after
being dragged horizontally [22, 23]. 

(b) Semi-submersible: The semi-submersible type is widely 
used for offshore wind turbines, particularly suitable for 
deeper waters (50–300 m). Semi-submersible platform foun-
dations are now frequently used for floating wind turbines 
since they can withstand a greater range of water depths 
and are better suited for turbines >10 MW. Additionally, 
when supporting larger-capacity units, semi-submersible 
foundations provide considerable cost advantages [20 ]. 
Around the turbine, a semi-submersible floating platform is 
made up of dispersed buoyant floats that enable controlled
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Figure 3. Floating offshore wind turbines: (a) spar buoy, (b) tension leg, 
(c) barge, (d) semi-submersible .

buoyancy and gravity modifications to preserve stability 
against outside influences like wind and currents. The 
platform is quite flexible thanks to this control system, 
but it is also complicated, especially in challenging marine 
conditions. Semi-submersibles have comparati vely modest 
drafts compared to spar platforms, which is advantageous 
because it allo ws for quayside assembly and wet towing
[22, 23]. 

(c) Tension leg platform (TLP): TLPs are stable and economical 
in deep waters, and they are extensively used in the oil and 
gas sector. They are now becoming more and more popu-
lar as floating offshore wind turbines (FOWTs). Comparing 
them to other floating foundations, they show less heave, 
pitch, and roll motion, which makes them ideal for offshore 
wind applications. With tensioned tendons attached to per-
manent piles, the platform is secured to the seabed since its 
buoyancy is m uch higher than its gravity. Tendon strain and 
surplus buoyancy work together to provide stability, which 
maintains the platform’s vertical stability. But because of 
the high-tension pressur es they endure, these tendons carry
the risk of being damaged or possibly failing structurally
[22, 23]. 

(d) Barge: Barge-type FOWTs are inexpensive and simple to 
construct since they use platform buoyancy to defy gravity. 
Usually, a big, shallow-draft barge is equipped with one 
or more wind turbines. A sizable waterplane area ensures 
stability, and they enable wet towing and quayside assembly, 
just as semi-submersibles. The main benefit of barge-type 
platforms is their straightforwar d production method. Their 
applicability for calm waters, like harbors or places with 
little wave activity, is limited by their extreme sensitivity to
seawater variations, roll, and pitch motions [22, 23]. 

Global offshore wind pr oject trends
A total of 10.8 GW of new offshore wind was put into service glob-
ally in 2023, increasing the total offshore wind capacity worldwide 
to 75.2 GW. The year 2023 was the second-highest year for new
offshore wind capacity, with additions of offshore wind being 24%
greater than in 2022 [5]. China is one of the world’s lar gest energy
consumers [24]. As of 2020, China’s offshore wind installed capac-
ity accounted for 1.6% of its o verall wind power commitment

[25]. However, with the recent growth of offshore wind in Europe, 
advancements in technology, and the development of the offshore 
market outside of Europe, China has placed a lot of attention on
offshore wind power to make it profitable [25]. China now leads 
the world in offshore wind development, with 6.3 GW put into 
service in 2023, accounting for 58% of all additions worldwide and
increasing its total offshore wind installations to 38 GW [5, 26]. 

Elsewhere in the Asia-Pacific region, three markets commis-
sioned new offshore wind capacity last year: Taiwan (China) 
(692 MW), Japan (62 MW), and South Korea (4 MW) [27]. The total 
operational offshore wind capacity in the UK seas was a little over
7000 MW in June 2018 [28]. At the end of 2023, it rose to 43% for the 
UK in the European offshore market and 24% in Germany [5, 29]. 
Strong growth of offshore wind in the Netherlands helped Europe 
to score a record year in 2023, with 3.8 GW of new offshore wind 
capacity commissioned across six mark ets. This brought Europe’s
total offshore wind capacity to 34 GW by the end of 2023 [5]. 
The USA has made infrastructure and is gradually transitioning 
to a clean energy economy by setting a goal of deploying 30 GW 
of offshore wind capacity by 2030 and emphasizing deploying
110 GW or more offshore wind energy by 2050 [30]. 

For large-scale, renewable power generation, offshore wind 
presents an alluring alternative for developing nations like
Bangladesh [31]. Offshore wind development is a complicated 
process that needs both dedication and strategic vision. In 
contrast to onshore wind and solar, offshore wind is unlikely to 
reach its full potential without substantial government support 
and policies. Establishing a distinct national role for offshore 
wind, from both an energy and socio-economic standpoint, is 
essential to a successful strategy. For instance, the UK and 
Denmark explicitly state strategic reasons why offshore wind
is important to their long-term energy plans. It makes it easier for
stakeholders to comprehend why the nation is pursuing offshore
wind and what the purpose is before investing time, funds, and
resources in such big projects [32]. 

Potential of offshore wind in Bangladesh
Since offshore wind is relatively new for Bangladesh, there is a 
need for a high-resolution wind r esource map, particularly for
its high-wind-speed offshore areas [9]. Some available satellite 
data show that offshore wind speeds are much higher in coastal
regions compared to onshore areas [10]. Synthetic aperture radar 
(SAR)–based datasets indicate substantial offshor e wind potential
for Bangladesh [11, 12], with consistently high speeds from April 
to August and relatively strong winds in other months as well. 
At 10 m height, offshore wind speeds range from 3 to 6 m/s 
during April–August, with the highest recorded offshor e wind
speed reaching 7.5 m/s at 120 m height in offshore areas, making
offshore wind farms a highly effective option for Bangladesh [8, 
13]. A comprehensive study has identified the offshore area near 
Sandwip as an ideal location for wind power generation at 50 m 
height, with a power density of 88.6 W/m2 and a capacity factor
close to 21%, making it better suited for small-scale or hybrid
applications [14]. Feasibility studies and assessments, sponsored 
by the Asian Development Bank, have identified suitable offshore 
wind development sites off the coast of Cox’s Bazar (Fig. 5), where 
research shows offshore wind speeds at a 160-m hub height range 
from 6.3 to 8.0 m/s, with fixed-bottom OWT technology suitable
up to 60-m water depth [15]. 

Recent high-resolution datasets from the Global Wind Atlas 
4.0, Global Atlas, and ERA5 reanalysis confirm these findings. It
has been indicated that potential areas for offshore wind near
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Figure 4. Monthly average (a) wind speed and (b) wind power density of prospective offshore location in Bangladesh [33]. 

Figure 5. Planned area for fixed-bottom OWT project at 60 m depth at bay of Bengal of Bangladesh [15]. 

Table 2. Prospective location data for offshore wind in 
Bangladesh [33, 34]. 

Location Wind speed 
(a vg) m/s 

Wind density 
(avg) W/m2 

Capacity 
factor % 

Cox’s Bazar (near shore) 5.8 206 32 
Sandwip 5.9 210 31 
Matarbari 6.0 223 31 

Cox’s Bazar deep sea area, Matarbari, and Sandwip exhibit wind 
power densities between 200 and 250 W/m2 within 100 to 160 m
height (refer to Fig. 4(b))  [33]. The potential capacity factors are 
between 30% and 35% for modern offshore turbines (refer to
Table 2)  [34]. 

Seasonal analysis reveals a pronounced pre-monsoon and 
monsoon peak (April–September), during which average wind 
speeds are 20% to 40% higher than in the dry season (October–
March), consistent with regional climatology (refer to Fig. 4(a)). 
The peak also indicates that this period is a high point in 
wind potential and a perfect time for harvesting wind energy. 
Given these resource levels and seasonal patterns, Bangladesh’s 
offshore wind sector shows strong prospects, with national targets
aiming for 6 GW of offshore capacity by 2041 and 15 GW by 2050
[15]. 

Gaps in Bangladesh’s renewable energy 
framew ork for offshore wind
The current energy policy of Bangladesh is not conducive to 
offshore wind energy development. According to the Renewable 
Energy Policy 2008 and the Power System Master Plan 2023 [35], 
there are broad objectives for national renewable energy, but 
missing provisions for offshore wind energy projects. Important 
gaps remain in implementation guidelines, financial incentives, 
and r egulatory coordination requirements, which are fundamen-
tal to attracting private investment [4, 32]. Bangladesh’s gover-
nance framework for offshore wind energy development is further 
complicated by its multiple ministries that often fail to coordinate 
their efforts. This form of governance builds uncertainty into 
the regulations, delaying project development. In contrast, the 
governance structures in place in Europe and China create far 
less project uncertainty. For example, Europe and China employ 
feed-in tariffs (FITs) and standardized permitting processes, min-
imizing the risk of regulatory uncertainty, while also fast-tracking 
project development timelines. The governance of offshore wind 
energy relates to technical standards and environmental con-
cerns as well. For example, the Grid Code (2018) was designed for
interconnected energy resources that primarily produce energy
from conventional resources, with no standards for integrating
offshore wind energy. The Environment Conservation Rules
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provided minimal standards for conducting environmental 
impact assessments to limit harm to existing marine ecosystems
[3, 36]. In addition, as a dominantly coastal state, it is problematic 
that Bangladesh lacks marine spatial planning, increasing the 
possibility of conflict with commercial fishing industries and 
shipping lanes. Bangladesh has some shortcomings in the
offshore wind sector, but there is also a well-suited opportunity to
capitalize on in the Bay of Bengal [5]. To move forward, the country 
should review its offshore wind policy. The review should set clear 
targets for offshore wind sector, explore financial opportunities, 
and create a governance system that reduces fragmentation. 
The government o f Bangladesh should also ensure efficient and
effective regulation to support sustainable offshore wind energy
development.

Environmental and social implications of 
large-scale offshor e wind deployment in
Bangladesh
In order to achieve long-term sustainability, the environmen-
tal and social implications associated with large-scale offshore 
wind energy projects will require proper concern. The offshore 
projects can provide cleaner energy generation and reduce car-
bon emission problems, but doing so, they will also have influ-
ence on sensitive marine ecosystems and coastal people’s liveli-
hoods. The Bay of Bengal hosts diverse species and active fishing 
communities. Their existence must be protected through careful 
planning as first priority. Assessing these implications is critical
to ensure that offshore wind development complements, rather
than disrupts, existing ecological and economic systems. This
section explores the key environmental effects, community-level
challenges, and mitigation strategies necessary for responsible
offshore wind expansion in Bangladesh.

Environmental and socioeconomic 
consider ations
The Bay of Bengal sustains hundreds of fishing communities and 
is home to various marine habitats. The Bay’s productivity highly 
depends on keeping it healthy, which is essential to Bangladesh’s 
long-term GDP growth. The country’s social and economic growth, 
as well as the regional ecological balance, have benefited greatly
from the coastal and marine fisheries, such as shrimp and crab
aquaculture [37]. Besides, the Bay of Bengal’s marine ecosystem is 
one of the largest recognized marine ecosystems among 66 large
marine ecosystems worldwide [38]. These natural habitats serve 
as pollution filters, stop shoreline erosion, offer food and shelter, 
and serve as nurseries for a variety of aquatic animals [39]. There-
fore, any offshore wind project must carefully consider how it will 
affect fisheries, coastal livelihoods, and marine biodiversity [36, 
40]. Also, it will require necessary consultations with stakeholders 
and appropriate environmental impact studies of offshore wind
projects for such locations in Bangladesh.

Offshore wind farms need a planning framework that is 
completely compatible with terrestrial planning systems and
demands a substantial quantity of marine space [41]. Given the 
demand, integrated coastal zone management (ICZM) and marine 
spatial planning (MSP) are crucial procedures that can be used in
Bangladesh’s renewable energy industry [42]. The setting up of 
wind farms must be balanced with regulatory requirements that 
provide guidelines for safeguarding and conserving maritime 
biodiversity. To provide baseline information about potential 
development sites and seabed cabling routes, as well as to aid in 

decision-making regarding the avoidance of conflicts with other
uses of the marine environment, the first step is to make sure
that the wind energy resource and the seabed are thoroughly
surveyed and mapped [43]. Additionally, species that may be 
harmed by active wind farms, such as several seabird species, 
must be carefully considered during the project period. Lastly, 
another thing to keep in mind is the development of artificial 
and novel substrates, which might encour age the colonization
of invasive species and the introduction of non-native species,
which can change the balance of biodiversity in the area [44, 45]. 

Marine biodiversity and ecosystem
The installation of wind turbine foundations can produce under-
water noise, and the subsea cables may disrupt seafloor habitats
and benthic communities by causing sediment resuspension [46, 
47]. Additionally, the constructed turbine structures and mooring 
lines often evolve into artificial reefs, attracting mussels and fish
for colonization, which increases biomass and habitat complexity
[46, 48]. The construction of foundations on various seabed types 
also impacts biodiversity throughout their life cycle. For example, 
sandy seabed may see short-term biodiversity gains that last 
∼13 y ears before declining over 25 years, while hard seabeds may
support long-term increases in biodiversity [49]. Offshore wind 
farms can enhance food web productivity by up to 40% due to 
artif icial reef formation and the resulting increase in biomass
[50]. On a larger scale, the installation of wind farms may affect 
water column stratification and pelagic producti vity by up to 8%,
potentially altering primary production cycles [51]. 

Impacts on fisheries and coastal communities
Fishing areas near wind turbine locations may face challenges for 
trawling and other fishing methods due to turbine foundations, 
especially those with anchoring systems, potentially reducing
access to catches [52]. Offshore projects can also cause seabed 
disturbances, noise, and increased vessel traffic, which may nega-
tively affect commercial fishers [53]. However, projects like Ocean 
Wind 1 have introduced initiatives to support fishing communi-
ties, including fisheries liaison roles, gear-claim procedures , and
navigational safety funds, setting a precedent for community
compensation [53]. 

Social acceptance and stak eholder engagement
A study in Taiwan found that local stakeholders’ acceptance of 
offshore wind farms, particularly among fishers and aquaculture 
operators, is lar gely driven by the perceived benefits of such
projects [54]. However, protected coastal areas require careful 
examination before initiating any projects. For instance, a case 
study in Brazil’s Ponta do Tubarão reserve revealed that wind 
pr ojects disrupted ecosystems and livelihoods, negatively affect-
ing fishing access, local culture, and biodiversity [55]. 

Recommended mitigation strategies for
Bangladesh
To ensure sustainable development and mitigate potential risks, 
it is crucial to implement comprehensive strategies that balance 
environmental preservation with economic growth. Below are 
several recommended mitigation strategies for Bangladesh to
address the challenges posed by offshore wind energy projects.

1) Adopt integrated coastal zone management (ICZM) and 
marine spatial planning (MSP): High biodiversity areas 
should be protected through careful planning to minimize
ecological impacts.
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2) Life-cycle impact assessment: An assessment should be 
done to integrate biodiversity metrics, decommissioning 
strategies, and projections of species migration [49]. 

3) Fisheries support programs: Taking Ocean Wind 1 as an 
example, fishermen’s liaison committees, compensation 
protocols, and safe navigation g uidelines should be created 
for the benefit of the fishing community [53]. 

4) Environmental monitoring and adaptive management: Pre-
and post-construction surveys need to be implemented to 
track reef development, noise lev els, and ecosystem changes. 

5) Stakeholder co-design approaches: Engage local fishers 
in early stages of planning, employ community outreach 
campaigns, and assess perce ptions by following strategies 
applied in Taiwan [54]. 

Technological challenges and adaptations
Bangladesh’s offshore environment poses unique challenges. 
Bangladesh is a country that frequently encounters natural 
disasters, such as tropical cyclones and storm surges, which
jeopardize its economic growth and result in significant fatalities
each year [56, 57]. The majority of tropical cyclones make landfall 
in April to May and October to November. A major caution for the 
coastal zone is the rising frequency of intense tropical storms and
their shorter return periods [57]. In this regard, adaptation to such 
conditions is imperative for any offshore wind project. To forecast 
uncertain tropical storms, the probability of tropical cyclones 
can be estimated using various potential wind distributions. In
this context, the Poisson distribution is commonly used, and its
suitability has been strongly proven [58]. To evaluate the economic 
impact of hurricane or tropical storm damage, different building 
damage models can be developed [59]. It aids in measuring wind 
loads and, consequently, the degr ee of wind damage to turbine
parts [59]. 

Another issue in Bangladesh’s offshore regions is high humid-
ity. Bangladesh’s average ann ual humidity is 79% approximately
[60]. It is rising every year, and it may affect the wind turbine’s 
aerodynamic performance. The energy output can be negatively
impacted due to high humidity, molds, and rust [61]. Persistent 
humidity and saline air accelerate blade surface erosion, electrical 
insulation breakdown, and corrosion in gearboxes and bearings, 
all of which can reduce turbine efficiency over time [62]. Studies of 
offshore wind structures in tropical marine climates shows signif-
icant performance reduction over time when anti-corrosion mea-
sures are inadequate [63, 64]. For Bangladesh, where annual mean 
relative humidity goes above 75%, innovative turbine designs with 
more robust foundations, anti-corrosion materials, and real-time 
monitoring systems will be essential to address the issues related
to wind turbine performance [65–68]. Some mitigation measures 
should include marine-grade anti-corrosion coatings such as ISO 
12944 C5-M, sealed nacelles with active dehumidifiers, and reg-
ular salt–moisture exposure testing to prevent material fatigue
[69–71]. Condition-based monitoring systems with humidity and 
salt sensors can further improve operational reliability which will 
detect early signs of corrosion or moisture ingress. Dehumidifi-
cation systems using adsorption or refrigeration principles have 
already p roven effective in maintaining low internal moisture
levels in turbines operating under marine tropical conditions [72, 
73]. Another option is to turn o ff turbines during high-humidity
conditions [74]. Frequent blade maintenance and inspection can 
assist in detecting and resolving possible issues brought on by
humidity, such as rust or coating deterioration.

Techno-economic feasibility and cost 
analysis
Techno-economic feasibility 
Offshore wind energy offers significant long-term benefits, 
including price stability, reduced dependency on energy imports, 
and economic growth through the development of a local wind
energy sector, although its initial investment costs are high [6, 75]. 
The techno-economic feasibility of offshore wind in Bangladesh 
is determined by various interdependent factors, such as wind 
resource availability, capital and operational costs, infrastructure 
development, grid integration, and financial viability. Studies 
indicate that the Bay of Bengal possesses considerable offshore 
wind potential, with wind speeds reaching commercially viable 
levels. To optimize site selection and maximize e nergy production
while minimizing investment risks, the implementation of high-
resolution wind resource mapping through advanced satellite
data and numerical modeling is crucial for offshore wind energy
in Bangladesh [76–78]. 

In addition, upgrading grid infrastructure and transmission 
networks will facilitate efficient po wer distribution from offshore
wind farms [79]. Establishing dedicated ports and manufacturing 
facilities for wind turbine components can also contribute to 
cost reduction by improving logistical efficiency [80]. Encouraging 
domestic production of wind turbine components and enhancing 
tec hnical expertise within Bangladesh can help mitigate costs
[66]. Furthermore, partnerships with international firms can 
accelerate technology transfer and capacity building. The adop-
tion of floating offshore wind technology can expand opportuni-
ties for harnessing wind energy in deeper waters with higher wind
speeds [81]. Additionally, advancements in turbine technology and 
turbine efficiency, energy storage, digital monitoring systems, and 
potential financial incentives will further enhance the viability
and sustainability of offshore wind energy in Bangladesh [66]. 

Initial investment costs for offshore wind farms are signifi-
cantly higher than onshore projects due to expenses related to 
foundations, transmission infrastructure, and maintenance in
harsh marine environments [82]. The economic viability of off-
shore wind energy is determined by several key financial factors, 
including capital expenditures (C APEX), operational expenditures
(OPEX), and the levelized cost of electricity (LCOE) [83–86]. The 
establishment of a transparent and stable regulatory framework 
comprising long-term power purchase agreements, feed-in tariffs, 
and tax incentiv es will be essential for attracting both domestic
and international investments [87, 88]. Additionally, financial 
mechanisms such as public–private partnerships (PPPs), green 
bonds, concessional financing, and international climate funds 
can pla y a crucial role in supporting offshore wind development
in Bangladesh [89]. 

Furthermore, the creation of specialized training programs 
and research centers will contribute to the development of 
local expertise in offshore wind engineering, maintenance, and 
policymaking, thereby reducing reliance on foreign specialists. 
While offshore wind energy has the potential to enhance 
Bangladesh’s energy security and promote sustainable devel-
opment, a comprehensive feasibility assessment encompassing
technical, economic, and regulatory considerations is imperative
for its large-scale implementation.

Cost analysis of electricity generation from
offshore wind
Understanding the costs of offshore wind energy is crucial for 
knowing whether it can truly stand as a viable alternative to
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traditional energy sources. By examining these costs, clear 
insights can be found on its feasibility, long-term benefits, and 
the kind of support it needs to compete in the energy market.

A recent study was conducted considering 50 numbers of 
2-MW turbines on a 25-km2 area. It considers the cost of the 
levelized cost of energy (LCOE) for a 10-year lifespan, insurance 
premiums, and even the manpower cost. The cost of electricity
generation from onshore wind turbines is 6.08 BDT/kWh
(0.05 USD/kWh) [90, 91]. While the cost is very low, with natural 
gas being the cheapest (3.10 BDT/kWh) (0.025 USD/kWh) and solar 
PV being the most expensive (80.68 BDT/kWh) (0.66USD/kWh), the 
study shows that most of the cost occurs due to land purchase
[90, 91]. For offshore wind energy, detailed cost analysis is still 
limited. Because of this, the study uses onshore wind energy 
generation as a reference point, while making adjustments to 
better reflect offshore conditions. In this approach, the cost of 
land is excluded, but the cost of transmission is included since 
transmission is a significant factor offshore. Additionally, 10% of 
the typical land cost is added to the installation of structures 
to account for the extra challenges involved in building and
maintaining offshore systems. A reference transmission cost was
taken from existing research that estimated the breakeven cost of
transmission for both HVAC and VSC-HVDC systems. According
to that study, the cost of transmitting electricity over a distance
of 80 km was calculated to be 15 million USD [92]. Calculating 
the changes, the cost of electricity per kilowatt-hour would be 
1.64 BDT (0.013 USD), making it the cheapest source o f energy
and a viable clean energy alternative to fossil fuels [91, 93]. 

Foreign investment aid
Bangladesh is attracting significant international investment to 
grow its renewable energy sector. The European Investment Bank 
has approved a €350-million ( ∼406 million USD) loan to support
the country’s renewable energy projects [91]. This funding will 
help strengthen Bangladesh’s energy infrastructure, particularly 
through large-scale solar and wind projects, to add ∼750 MWp of 
new renewable capacity. This investment reflects a strong ded-
ication to sustainable development and climate action, aligning
with Bangladesh’s goals to boost the role of renewable energy in
its overall energy supply [94]. 

Comparative analysis of offshore wind: 
Bangladesh versus global peers
Bangladesh is still in the early phases of developing offshore 
wind energy. So, a comparative assessment of offshore wind 
energy planning, the experiences, and the unique and insightful 
approaches chosen by Asia-Pacific coastal countries such as 
China, India, a nd Vietnam, and outside of Asia (the UK), offers
valuable lessons for Bangladesh in understanding what drives
success in this field. Research showed (Table 3) that having 
proactive policies, investing in infrastructure early on, and 
forming strategic international partnerships are crucial for 
boosting offshore wind capacity. Bangladesh needs a clear, data-
driven strategy. This should include strong regulations, smart 
grid plans, and incentives for investors. Additionally, Bangladesh 
should consider diverse financing models, such as PPPs, foreign 
direct investment (FDI), and climate funds, to attract both local 
and international investments. Bangladesh can follow UK as an 
example. They utilized PPPs to develop large-scale offshore wind
projects named Hornsea Wind Farm. This farm is known as the
world’s largest offshore wind farm. It has been established with

significant private investment alongside government support
[95]. Similarly, foreign direct investment (FDI) played a key role 
in the establishment of offshore wind projects in countries like 
China, which has attr acted substantial foreign capital for its
projects, particularly from European industries [96]. Additionally, 
Bangladesh can explore climate-related funds, such as the Green 
Climate Fund (GCF). This fund provides concessional grants for 
climate-related pr ojects, including renewable energy projects
like offshore wind [97]. All of these options can provide the 
necessary capital to transform technical potential into actionable 
projects, ensuring long-term sustainability in offshore wind 
energy development.

• UK: The UK is a global leader in offshore wind energy, with 
an established regulatory framework that has driven indus-
try growth. The UK’s Offshore Wind Sector Deal (2019) is a 
landmark policy document that lays out a strategic vision for
offshore wind, including investment in local supply chains,
research and development, and job creation [101]. The Con-
tracts for Difference (CfD) scheme guarantees fixed, long-
term prices for offshore wind energy, attracting both domestic 
and international investors. This model has allowed the UK to 
reduce offshore wind costs significantly, making it a compet-
itive source of energy.

• China: China’s offshore wind development is centrally 
driven by government policies, with substantial state-backed 
investments and a push for local manufacturing capabilities. 
China’s 13th Five-Year Plan for Renewable Energy (2016– 
2020) included ambitious offshore wind targets, focusing
on expanding the industry through centralized tenders and
regional pilot projects [100]. The Chinese government also 
supports the creation of local infrastructure and technology 
manufacturing, reducing reliance on imports. Moreover, 
China has made progress in establishing grid integration 
systems for offshore wind energy, ensuring that power
generated offshore can be transmitted efficiently to key
demand areas.

• Vietnam: Vietnam is in the early stages of developing offshore 
wind energy but has implemented policies such as FITs to 
incentivize private investment. The National Power Develop-
ment Plan for 2021–2030 (PDP VIII) aims to accelerate offshore 
wind development, with government targets and regulations 
guiding this process. Unlike Bangladesh, which lacks clear 
offshore wind tar gets, Vietnam’s FITs offer price guaran-
tees for offshore wind projects, fostering a more predictable
investment environment [102]. The government’s approach 
includes provincial-level targets for offshore wind capacity, 
whic h could serve as a model for Bangladesh.

• India: India, with its vast coastline, has recognized the poten-
tial of offshore wind energy, though it is still at a relatively 
nascent stage compared to the UK and China. India has 
introduced centralized tenders and land leasing schemes 
to encourage the private sector’s involvement in offshore 
wind projects. In 2015, India set a target of 5 GW of off-
shore wind capacity by 2022, which was later updated to 
30 GW by 2030. The National Offshore Wind Energy Policy
of India (2015) outlines a framework to facilitate the devel-
opment of offshore wind energy through regulatory sup-
port and incentives, including the facilitation of state-owned
agencies and public–private partnerships [103]. India has also 
emphasized the development of local manufacturing capa-
bilities to reduce dependence on imports, similar to China’s
approach.
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Table 3. Comparative analysis of offshore wind scenarios of Bangladesh, India, a nd Vietnam.

Aspect Bangladesh 
(Bay of Bengal) 

Vietnam (South 
China Sea) 

India (Gujarat 
Coast) 

China UK Key lessons for 
Bangladesh 

Readiness level Early stage Moderate stage Advance stage Advance stage Advance stage Strengthen its policy 
framework proactively, 
invest in infrastructure , 
and engage in 
international
partnerships

Wind resource 6.3–8 m/s (at 
160 m); seasonal 
monsoon winds 
[15] 

7–9 m/s; 
frequent 
typhoons [81] 

6–7.5 m/s; 
optimum for 
h ybrid wind–solar 
farms [5] 

5.5–8.5 m/s; 
suitable for wind 
po wer generation 
[98] 

7.88–9.15 m/s, 
strong consistency 
in the wind speed 
[99] 

Prioritize cyclone 
resilience and hybrid 
systems 

Policy 
framew ork 

No dedicated 
offshore policy; 
vague ta rgets 
[88] 

Feed-in tar-
iffs + provincial 
targets [26] 

Centralized 
tenders + land 
leasing [5] 

Organized; 5-year 
plans [100] 

Offshore Wind 
Sector Deal; 
Contracts for 
Difference (CfD) [5] 

Adopt clear sub-targets 
and t ariff guara ntees

Technology Limited local 
expertise; reliant 
on imports [6] 

Typhoon-proof 
turbines (e.g. 
Vestas V174) [27] 

Domestic 
manufacturing 
(Siemens Gamesa) 

Rapidly advancing 
in manufacturing 
larg e wind 
turbines [100] 

Advanced offshore 
wind technology 

Invest in 
cyclone-resistant 
designs a nd local R&D

Socio-economic Conflicts with 
fisherie s [36] 

Compensation 
for displaced 
fishe rs [32] 

Community 
benefit-sharing [5] 

Compensation 
schemes for local 
communities [100] 

Global trendsetter Implement stakeholder 
enga gement models 

Drawing on these international projects, Bangladesh could 
adopt a hybrid governance framework that combines strategies 
from proven project models. A dedicated National Offshore Wind 
Authority should act as a single coordinating body for licensing, 
environmental a ssessment, and grid integration, which is similar
to the UK’s Offshore Wind Delivery Board and India’s National
Institute of Wind Energy [32, 103]. This authority would streamline 
decision-making and reduce the fragmentation currently spread 
across multiple ministries. The authority could administer a CfD-
style pricing mechanism to ensure long-term revenue stability
and encourage early private investment [5, 101]. To accelerate 
early-stage projects, temporary feed-in tariffs modeled on 
Vietnam’s approach may attract private developers [102]. These 
tools, proven in the UK and Vietnam, can provide predictable 
revenue structures suited to Bangladesh’s emerging market 
conditions. Complementary to these financial instruments, 
Bangladesh should implement a Marine Spatial Planning Act to
align offshore wind zoning with fisheries and shipping corridors,
following European practice [41, 42]. Together, these mecha-
nisms could establish a predictable, transparent framework 
to unlock large-scale o ffshore wind investment in the Bay
of Bengal.

Cyclone-resilient turbine designs for the 
Bay of Bengal
The Bay of Bengal is highly susceptible to tropical cyclones 
because of major storms hitting the coastal areas several times
annually [57]. These extreme weather events pose structural risks 
to offshore wind turbines, including 

• Extreme wind loads (≥50 m/s gusts) causing blade and tower
failure [59]. 

• Storm surges (up to 10 m) impacting foundation stability [56]. 
• Saltwater corrosion from high humidity (78.88 avg.) degrad-

ing materials [60]. 

To address these challenges, Bangladesh should comply with 
the advanced technological strategies being followed in global 
cyclone-prone regions. Such are as follows: 

1) Turbine design modif ications: 

• Tilted or downwind r otors: 
– Reduce wind loading during storms by allowing blades to 

feather or stall passively [23]. 
– Proven effective in Japan’s Kamisu Wind Farm (typhoon-

resistant turbines survived 60-m/s winds). 
• Reinforced towers a nd foundations: 

– Monopile foundations with thicker steel walls (≥50 mm) 
and corrosion-resistant coatings (e.g. thermal-sprayed 
aluminum) for shallow waters (≤40 m) [16, 65]. 

– Floating semi-submersibles for deeper waters (≥60 m), 
leveraging quick-disconnect mooring systems to detach 
turbines before cyclones [20 ]. 

2) Predictive and operational str ategies:

• Cyclone early-warning systems:
– Integrate Poisson-distribution models [58] to forecast 

storm fr equency/intensity.
– Automated shutdown protocols when wind speeds exceed 

25 m/s (industry standard).
• Post-storm inspection dr ones:

Deploy AI-powered drones for rapid blade/painting dam-
age assessment [68]. 

3) Material innovations (humidity-resistant blades):

• Hydrophobic coatings (e.g. graphene-enhanced epoxy) to pre-
vent water absorption and mold [61]. 

• Carbon-fiber reinforced polymers for lighter, corrosion-
resistant structures [67].
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4) Lessons from global case studies: 

• China’s Guangdong Province: uses spar-buoy floating tur-
bines with ballast-adjusted stability for typhoon zones [22]. 

• Gulf of Mexico (USA): implements TLPs with tendon-based 
anchoring to resist hurricane loads [30]. 

Cyclone resilience in Bangladesh should be treated not only 
as an engineering challenge but also as a systemic operational 
and policy requirement. Offshore wind projects should follow 
the IEC 61400-3-2 Class IA standard, whic h accounts for tropical
cyclone gusts >70 m/s and storm surges of up to 10 m [104]. For 
coastal zones like Cox’s Bazar and Sandwip, site selection should 
favor deeper offshore regions (>40 m) where storm surges have 
reduced destructive impact. Integrating early-warning data from 
the Bangladesh Meteorological Department into automated shut-
down and pre-emptive control protocols can significantly reduce 
fatigue and extreme loads on turbines during extreme weather 
events. Some f ield studies and technical reports show that coor-
dinated shutdowns and active control strategies often lower peak
and fatigue loads by measurable amounts and reduce the risk of
storm-related equipment damage [105, 106]. Lessons from Japan’s 
Kamisu wind farm and China’s Guangdong projects demonstrate 
that downwind rotor designs, reinforced monopile foundations, 
and flexible mooring systems can significantly improve turbine
survival under cyclone-level wind speeds [107, 108]. Establishing a 
joint cyclone-risk monitoring system between BPDB and the Min-
istry of Disaster Management could further ensure coordinated 
responses before and after se vere weather events. So, the main
points stand:

• Prioritize floating turbines (semi-submersibles/TLPs) for 
de pths >40 m.

• Mandate cyclone-resilience certifications (e.g. IEC 61400-1 
Class I A) for all projects.

• Establish a regional cyclone database to r efine risk models.

Strategic roadmap for offshore wind 
de velopment in Bangladesh
Offshore wind energy could be a sustainable solution for 
Bangladesh to address growing energy demand. The heavy 
reliance on fossil fuel imports can be reduced, which will boost the 
economy in return, and climate problems can be addressed at the 
same time. But its success hinges on political will, international 
collaboration, and sustained investment in R&D. Wind energy can 
enhance energy security, reduce carbon emissions, and stimulate 
economic growth. So, a comprehensive offshore wind roadmap 
to efficiently utilize significant offshore wind resources and 
ensure a structured transition to renewable energy is a must 
for Bangladesh. Such a roadmap should outline clear, phased 
development targets, introduce policy incentives, and incorporate
strategic financial models such as PPPs, FDI, and climate funds
to support investment and reduce financial risks. For example,
the Baltic 1 and Baltic 2 projects in Germany depended heavily on
FDI. The European industries have invested billions of dollars
to establish the offshore wind farms [109]. Moreover, climate 
funds, particularly from the GCF, are increasingly being used in 
countries like India to subsidize the costs of renewable energy
projects, including offshore wind [97]. A significant portion of 
the funding for the massive 30-GW offshore wind capacity 
expansion plan in the UK comes from a combination of PPPs 
and climate finance, which has been instrumental in advancing

these projects despite high upfront costs [110]. However, the 
deployment of offshore wind is not easy to implement for a 
country like Bangladesh. High initial capital costs, grid integration 
complexities, environmental concerns, and regulatory barriers are 
some major issues associated with it. A well-structured roadmap 
based on the lessons and experience gathered from pioneer 
countries can mitigate these issues by gradual development 
targets, outlining strategies, introducing policy incentives, and 
promoting technological advancements. Such a framework 
is necessary because it would impr ove coordination among
stakeholders, attract both domestic and foreign investments,
and ensure environmental sustainability while aligning with
national energy policies. A strategic roadmap for offshore
wind energy development in Bangladesh is shown in Table 4 
below. 

Conclusion 
Offshore wind energy can be a prospective solution for Bangladesh 
to achieve sustainable, resilient, and economically beneficial 
energy generation. If proper planning and strategy are set and 
the available offshore wind resources are utilized properly, 
Bangladesh can contribute to global climate change mitigation 
and reduce its dependency on fossil fuel imports. In order to 
deploy a successful offshore wind energy project, Bangladesh can
look to the policies of the UK, China, Vietnam, and India to shape
its approach to offshore wind energy.

This study goes through the offshore wind potential of 
Bangladesh and highlights its promising prospects. The main 
challenges, such as high capital costs, technological constraints, 
and regulatory uncertainties, must be addressed through strategic 
planning and well-coordinated efforts. First, the government 
should establish a National Offshore Wind Energy Authority 
to streamline regulatory processes, coordinate between min-
istries (Power, Environment, and Shipping), and oversee project 
implementation. This body could model successful examples 
like Denmark’s Energy Agency, which accelerated offshore 
wind deployment through centralized decision-making. Second, 
dedicated R&D funding must be allocated through a Renewable 
Energy Innovation Fund, which will be used for cyclone-resistant 
turbine designs and grid integration solutions. Bangladesh can
follow the CfD scheme, an approach used by the UK to guarantee
long-term pricing stability and attract private investment.
So, it is necessary to adopt such institutional and financial
frameworks; otherwise, Bangladesh risks falling behind regional
peers like Vietnam and India in harnessing its offshore wind
resources.

Projects in offshore areas should be done with careful 
environmental impact assessments, and minimal ecological 
disruption should be ensured. A comprehensive evaluation of 
the feasibility of offshore wind projects, aligned with national 
energy objectives, should be developed. It will be essential in 
guiding policymakers in formulating effective strategies, and it 
will also help attract both national and international investors, 
fostering the growth of the offshore wind sector. The critical 
knowledge gaps that have been addressed in this paper require 
investigation to ensure sustainable offshore wind development. 
First, research is needed on the cumulative ecological impacts
of wind farms on the Bay’s marine ecosystems, particularly
migratory fish patterns and seabird populations. Second, focus
should be given to Bangladesh’s coastal communities so that
their livelihood does not face any obstruction due to offshore
projects. For that, socially accepted models should be tailored
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Table 4. Strategic roadmap for offshore wind deployment in Bangladesh.

Phase Timeline Key actions and milestones Lead institution(s)/partners Expected outcomes 

Phase 1: Resource 
assessment a nd policy 
setup

2026 Q1–2028 Q4 Dec 2026: complete Bay of Bengal wind 
mapping 
Mid-2027: publish techno-economic, 
environmental, and social feasibility 
studies 
2028: appr ove national offshore wind 
policy, secure ADP/World Bank funding

Ministry of Power (MoP) 
– Bangladesh Power 
Development Board (BPDB) 
– Bangladesh Meteorological 
Department

Wind atlas published 
– Policy appro ved by 2028

Phase 2: Pilot projects 
and capacity building 

2029 Q1–2032 Q4 2029: Launch 200-MW demo project 
2030: Establish domestic supply chain 
facility and training center 
2031–32: Finalize PPP agreements. 
Partner with EU/China for tech transfer

BPDB 
– Private developers (e.g. 
Summit Power) 
– Bangladesh Navy (for 
maritime logistics)

Capacity installed (MW); 
trained manpow er; 
facility oper ational

Phase 3: 
Commercial-scale 
de ployment 

2033 Q1–2038 Q4 2035: Reach 2 GW cumulative capacity 
2038: 20% h ybrid (wind–solar); upgrade 
grid infrastructure

Power division; PGCB; Ministry 
of Foreign Affairs; Bangladesh 
Energy Regulatory 
Commission (BERC) 
– Grid C ompany of 
Bangladesh 
– Ministry of Environment

2 GW installed by 2035 
– 20% cost reduction via 
local manufacturing, 
grid upgrade completed

Phase 4: Regional 
leadership 

2039 Q1–2045 Q4 2040: Establish R&D hub for 
cyclone-proof turbines for both 
onshore and offshore 
2045: 50% local turbine manufacturing; 
launch green h ydrogen pilots

Bangladesh Council of 
Scientific & Industrial 
Research (BCSIR) 
– Ministry of F oreign Affairs 
– Priv ate sector

R&D hub operational; 
local manufacturing (%); 
h ydrogen pilots launc hed

for offshore communities during the planning phase, built on 
lessons from conflict resolution in European offshore projects. 
Finally, floating wind technology feasibility studies should be 
more focused for deeper waters (>60 m depth) for prospects that 
can unlock additional capacity beyond the current fixed-bottom 
technology. Addressing these gaps by prioritizing international
collaborations and pilot projects will help strengthen the
offshore policy and mitigate risks in Bangladesh’s offshore wind
sector.

The development of advanced wind turbine technology, cou-
pled with predictive models for natural disasters, will help to 
mitigate project risks and minimize potential damage caused by 
extreme weather conditions. For that, establishing a dedicated 
research and development (R&D) sector for offshore wind tech-
nology is crucial for Bangladesh in order to drive innovation 
in wind turbine efficiency, disaster resilience, and cost reduc-
tion. Furthermore, the integration of high-resolution wind map-
ping tools will facilitate the generation of reliable wind resource
data, particularly for deeper areas of the Bay of Bengal. This
will expand the scope for offshore wind development, identify-
ing high-potential sites and accelerating the transition toward
cleaner energy solutions.

A structured and phased roadmap for offshore wind energy 
development proposed in this study will be essential for 
ensuring a systematic and efficient transition to offshore 
wind energy in Bangladesh. Offshore wind development is 
prospective for strengthening energy security in Bangladesh. 
Dynamic government policies, international collaboration, and 
continuous technological advancements will assist in trans-
forming offshore wind energy from a conce ptual possibility
into a commercially viable, sustainable energy solution for
Bangladesh. A long-term strategic approach could position
Bangladesh as a regional leader in offshore wind energy
development, fostering economic growth and environmental
sustainability.
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