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Abstract

Approximately 25% of global population residues in South Asia. The power generation
of these population relies heavily on Non-renewable energy sources, resulting in large
greenhouse gases emission into the atmosphere. In order to protect the environment,
the SAARC countries has decided to construct an extremely intelligent smart grid to
share electricity across SAARC nations based on sustainable energy sources but the
ability of these nations to develop such a super power grid is unclear because of the
absence of Effective strategic assessment and an insufficient information about the
potential sites of RERs. This review delivers an extensive impression of the wind energy
and identify the exact locations of high wind potential within the SAARC region. We use
wind speed readings, satellite data, and geographic information systems (GIS) to give an
in-depth investigation of wind patterns and yearly changes in wind resources across
member countries. The research further investigates numerous socioeconomic factors
affecting wind energy development and discussing obstacles like infrastructure limits,
financial difficulties, and laws and regulations. Successful case of public-private
alliances and worldwide collaboration are showcase to illustrate pathways for growth.
The result of this research provides different perspectives to policy makers and
practitioners for strategic decisions regarding SAARC super smart grid.
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Introduction

The South Asian Association for Regional Cooperation (SAARC) is an international
diplomatic organization composed of eight member republics: Afghanistan, Bangladesh,
Bhutan, India, Maldives, Nepal, Pakistan, and Sri Lanka [1]. Pakistan and the South
Asian nations covers 3.5% of the Earth's geographical territory and accommodates 25%
of the global population [2]. In order to generate electricity these nations utilizes
significant quantities of non-renewable resources, leading to numerous issues, including
the depletion of fossil fuels, rising fuel prices, reduced human lifespan, and the
continual discharge of hazardous pollutants throughout the whole environment [3].
South Asia has a large number of sustainable energy resources that may be exploited to
supply its electricity demands in an environmentally friendly manner for hundreds of
years. Figure 1 displays the overall possible of reusable dynamism in the SAARC area.

Solar Power
T wind Power
B Hydro Power
M Biomass Power

3%
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Figure 1: Total Renewable Potential in SAARC Region [4].

Pakistan has a mounted power volume of 38,573 MW [5]. Natural gas, hydropower, coal
and furnace oil are important source of energy generation. However, more than 25
million citizens in Pakistan are without access to electricity. Most of Pakistan's
electricity comes from burning fossil fuels [6]. India has an operational capacity of
383,325.95 MW. India presently books for additional 79% of South Asia's entire energy
consumption. Over 50% of the petroleum cast-off for dynamism generation is coal [7].
The exhaustion of fossil fuels may result in significant challenges, including difficulty in
satisfying demand [8]. In Bangladesh, the installed power generation capacity was
22,023 MW, mostly sourced from gas, furnace oil, coal, and diesel generators [9].
Bangladesh imports approximately 20% of power from India [10]. Bangladesh cannot
fulfill its growing energy demands without heavily depending on fossil fuels. However,
when fossil fuels deplete, significant challenges may arise, including the need to import
expensive fuels, an escalation in carbon dioxide emissions, and inefficiencies associated
with the combustion of fossil fuels [11]. In Srilanka, the installed power production
capacity was 4265 MW. Furnace oil is the primary source of power generation. Srilanka
imports expensive oil from other countries to generate energy [12]. In 1969, the Sri

489



Dialogue Social Science Review (DSSR) "

www.thedssr.com Ze'\‘g/’

ISSN Online: 3007-3154
i;f)lil.P;rll\tI:g.og%(?z%ruary) (2025) DIALOGUE SOCIAL SCIENCE REVIEW
Lankan prime minster Sirima Bandaranaike took a significant step and established
Ceylon Electricity Board. The main role of CEB was to enhance the
efficiency of power generation and transmission. In Afghanistan, the total build-in
electricity generation capacity was 1,467 MW, including 426 MW from hydroelectric
sources, 376 MW from gas, 365 MW from renewable energy, and 300 MW from coal
[13]. In 2011, Afghanistan ranking lies lowest on globally per capita power usage.
Utilizing renewable energy resources is an excellent method to aid Afghanistan in
addressing its energy difficulties and environmental challenges [14]. In Maldives, 60%
of the total power, 400 MW, produced across all island settlements is offset by the
current capacity of 87.7 MW, using 375 MUs compared to 285 MUs from outside
territories [15]. The Maldives relies on imports of gasoline and oil to provide almost all
of its electricity requirements [16]. In Bhutan, hydroelectric power dominates the
nation's energy portfolio with a capacity of 2,334 MW. The diesel generator generate 19
MW and wind energy at 2 MW [17][18]. In Nepal, hydropower is the main source of
power production almost 90%. The power distribution system of Nepal is not very good
that’s why only 66% of Nepal population connected to power stations. Carbon dioxide
(CO2) is a major greenhouse gas released from fossil fuel-based electricity production
[19]. Table 1 summarize CO2 emissions in SAAR region [20]. The majority of the power
production is dependent on fossil fuels. Furthermore, solar, wind, and biomass power's
actual installed capacity is very small in comparison to their overall attainable potential.

Table 1: The SAARC region's potential for renewable energy and CO2 emissions

Built-in | Exha Power Over Per Total
capacity | ust Produ all cent renewa
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MWh | hours aust CO- energy
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The Super Smart infrastructure is a large-scale power infrastructure that is being
proposed as a means of connecting Europe to the IPS/UPS systems in the CIS countries,
the Middle East, and Northern Africa [22]. An SSG is a complex dynamism supply and
diffusion system intended to efficiently convey considerable amounts of electricity
transversely widespread spaces, often covering areas or whole zones. The SAARC super
smart grid will tackle the many issues faced by power networks in South Asia. These
problems contain substantial load flaking, inadequate power supply in many areas, and
the release of toxic substances that contaminate the environment and lead to several
illnesses. The main resources for energy group in the SAARC area are natural gas, oil,
coal, and hydroelectric power [23]. The increased usage of fossil fuels produces several
problems, including antagonistic things on human well-being and heightened CO2
emissions in the global environment. The production and delivery of electricity via
renewable energy sources may successfully mitigate these issues in future years.

With a rapidly growing population and increasing energy demands, the SAARC nations
face immense challenges in balancing energy needs with environmental protection. The
heavy reliance on fossil fuels in the region has led to environmental degradation,
including rising CO2 emissions and air pollution, which subsidize to worldwide weather
change and harm public health. By focusing on maintainable dynamism solutions, the
region has the potential to reduce its dependence on non-renewable resources and
mitigate the long-term negative effects on both the economy and the environment.
Harnessing renewable energy sources such as solar, wind, and hydropower could
significantly enhance energy security, reduce carbon footprints, and support the region's
commitment to meeting international climate targets. The implementation of a Super
Smart Grid infrastructure could further streamline energy distribution, promote
regional cooperation, and ensure a more reliable, equitable, and efficient energy system.
The significance of this research lies in its potential to inform policymakers, industry
stakeholders, and international organizations about the urgent need for transition
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strategies toward renewable energy in the SAARC region, which would not only address
local challenges but also contribute to global sustainability goals

SAARC South Asian Association for Regional Cooperation NTPC
National Thermal Power Corporation

RERs Renewable Energy Resources MOU
Memorandum of Understanding

SSG Super Smart Grid WNREDA
West Bengal Renewable Energy

CIS Commonwealth of Independent States WBGEDC
West Bengal Green Energy

CO2 Carbon Dioxide CEB
Ceylon Electricity Board

CPPA-G Central Power Purchasing Age RFP
Request for Proposal

HVDC High Voltage Direct Current DOE
United State Department of Energy

GOP Government of Pakistan USAID
U.S Agency International Development

AEDB Alternative Energy Development Board GIS
Geographic Information System

PMD Pakistan Meteorological Department ACEP
Afghanistan Clean Energy Program

KAMM Karlsruhe Atmospheric Mesoscale Model WRAP
Wind Resource Assessment Program

LULC Land Use Land Cover WEST
Wind Energy Study Project

AWFS Advanced Wide Field Sensor WBHPP
West Bengal Hydro-Power Project

CUF Capacity Utilization Factor NSB
National Stock Exchange of Bhutan

CWET Centre for Wind Energy Technology EEZ
Exclusive Economic Zone

PLF Plan Load Factor VR
Virtual Reality

CDM Clean Development Mechanism CCT

Critical Clearance Time

Pakistan

In order to ensure that the nation's fundamental electrical needs may be satisfied with

the assistance of renewable energy sources, the government of Pakistan has made the

decision to establish wind power projects throughout the whole country. The scientist

M. Jibran from the Pakistan Meteorology Department performed research revealing

that the coasts of Sindh and Balochistan, together with selected regions of the northern
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provinces, has significant potential for wind generation [24]. The PMD analysis
indicates that some areas in Balochistan, including as Gwadar and Makran, as well as
places in Sindh, including Thatta, Karachi, Jamshoro, and Badin, are optimal locations
for wind energy in Pakistan [25].

The district Karachi, Thatta, Badin, and Jamshoro, are divided into four regions (zones)
are shown in Figure 2. In this paper we examined and assessed, monthly and seasonal
wind speed patterns for each zone.

Figure 2: An Examination of Four Separate Regions of Sindh [26].

Wind Potential in Southern Sindh

Region 1_ Karachi

Region 1 is divided into Karachi and Hawke’s Bay. At an elevation of 50 m, the mean
wind velocity at Hawke's Bay and the Karachi (DHA site) was 5.47 m/s and 5.98 m/s.
During the monsoon season, DHA Karachi and Hawke's Bay saw the highest average
wind speed in July [27]. The greatest speed recorded for Hawke's Bay was 7.1 m/s,
whereas the maximum speed recorded for DHA Karachi was 9.0 m/s, as shown in
Figure 3. The lowest wind speeds recorded in November were 3.6 m/s in DHA Karachi
and 3.2 m/s in Hawke's Bay.

———— DA FKarachi
- Hawwikk=s Bays

= —

= |

Wind S |

Wbk 0o N
[ I |

d=mm Feb Mar Apr May Jumn Jual Aauaag Sep Oct Nowv Dec
Miomnth=s

Figure 3: Yearly Wind Velocity for Region 1 ( Karachi ) [27]

Region 2_ Thatta
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Region 2 is divided into Shah Bandar, Mirpur Sakro, Chuhar Jamali, Gharo, Jati, Keti
Bandar, and Sajawal. Chuhar Jamali has the minimal mean wind velocity in Zone 2, at
5.8 m/s, Although Keti Bandar has the maximal mean velocity of 7.1 meters per second
[28][29]. Gharo and Mirpur Sakro, on the other hand, have the minimal and maximal
monthly wind velocity, with 3.8 meters per second and 10.7 meters per second,

respectively, as shown in Figure 4.
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Figure 4: Yearly Wind Velocity for Region 2 (Thatta) [26].

Region 3_ Badin

Region 3 consists of Golarchi and Talhar. At an elevation of 50 meters, the mean wind
speed was 6.7 m/s in Golarchi and 6.3 m/s in Talhar. In June, Talhar recorded a peak
speed of 10.3 m/s, while Golarchi maintained a maximal speed of 9.4 m/s in both June
and July [30]. Figure 5 presents comparison of wind velocities between the two regions.
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Figure 5: Yearly Wind Velocity for Region 3 (Badin) [26].

Region 4_ Jamshoro:

This region comprises Jamshoro, Nooriabad, and Thano Bula Khan. Figure 6
demonstrates that Jamshoro, Nooriabad, and Thano Bula Khan had peak wind speeds
of 14.9, 11.6, and 10.8 m/s, respectively, whilst the minimum wind speeds recorded were
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5.2, and 3.7 m/s.
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Figure 6: Yearly Wind Velocity for Region 4 (Jamshoro) [26].

Wind potential in Southern Balochistan

Balochistan is situated in the southern part of Pakistan. This is one of the most potential
locations for wind energy development in the country. Balochistan wind energy
potential is projected to be approximately 50,000 MW [31]. The Jeevani and Gwadar
areas in Balochistan situated near the coastal strip are the most notable wind corridors.
These sites have regular wind speeds of more than 7 m/s, making them suitable for wind
energy harvesting. In 2017, a 50MW wind power plant was established and become
operational in Jeevani [32]. The Lasbela district is another area with high wind
potential due to its location near the coast and consistent wind patterns. Several wind
energy projects are already operational in Balochistan, such as the Jeevani Wind
Power Project and Gwadar Wind Power Project. The Sindh-Balochistan Wind
Corridor, which covers from the south of Sindh to the north of Balochistan, has been
highlighted as a key area for future wind farm development.

India

The mean yearly power offered per square meter of the area swept by the turbine is
known as the wind speed density [33]. It is expressed in W/m2 and quantitatively
evaluated at different elevations above mean ground level (AGL) [34]. In April 2010, the
nationwide department of wind energy released a detailed wind atlas with a 5-kilometer
resolution for different hub heights. The states anticipated to have the highest wind
speed are Gujrat and Karnataka, with predicted capacities of 21.59 gigawatts and 17.5
gigawatts, respectively, within a wind speed density of 400-500 W/m2 [35]. Most
states have low wind speed density less than 100 W/m2 like Andaman & Nicobar, which
has a wind speed of 0.004 gigawatts.

A State-by-State Perspective on Wind Power:

Tamil Nadu

Tamil Nadu was India's first state to use wind power [36]. The Tamil state serves as a
central hub for wind energy in India because of its pro-wind policies from the beginning
of the Indian wind energy program. In 28 March 1999, the first wind farm with 250-KW
was built in this state. A wind farm with a 250-KW turbine was built by M/s. Pandian on
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March 28, 1990 [37]. It was the first wind farm in India built by a private company.
Tamil Nadu has once again shown achievement in 2011 by establish 1,183 MW of wind
farm in a single year [38].

Gujarat

In 1979, the public administration recognized the Gujarat Energy Development Agency
(GEDA), which is similar to MEDA [39]. The first wind farm of Gujarat was established
in 1985. The State actively promotes investment in wind energy by implementing several
incentives, including elevated feed-in tariffs, as well as energy wheeling and banking
provisions. In July 25, 2013 A state government introduce new wind power policy [40].
This new strategy is very beneficial for new investors in the field of wind energy.

Karnataka

The state of Karnataka has the greatest number of wind farms due to its complex
terrain, mountains and small rives. This state have a large number of small and large
wind mills. Among the state's major wind energy sites are Chirtadurga, Dharwad, Gadag
and Belgaum. Chitradurga, which has over 20,000 wind turbines, is claimed to have
India's highest Plant Load Factor (PLF) [41]. Chitradurga has an average PLF of 34%,
which is much higher than other states' sites [42].

Maharashtra

After Tamil Nadu, Maharashtra ranks second in India for wind energy sector. The total
installed capacity of Maharashtra was 4,098 MW [43]. Satara, Sangli, Dhule, and
Panchgani are the major cities in Maharashtra with a large number of wind farms [44].
In 1980, the Maharashtra government established Maharashtra Energy Development
body (MEDA) [45]. The main role of MEDA is to increase connected volume based on
sustainable energy sources specially wind energy.

West Bengal

In 1993, the WNREDA has been established to promoting renewable energy projects
and creating an enabling environment for their commercialization in the state [46].
Currently, only 1.1 MW of wind power is active in the state. In 2009, the WBGEDC
planned a 40-50 MW wind power project to enhance the proportion of wind energy in
West Bengal's energy mix [47]. This initiative, designated for 1,450 acres in the
backwaters of the Bay of Bengal in Dadanpatra, Purba Medinipur district, seeks to
substantially enhance the state's renewable energy potential. Table 2 shows the State
wise yearly capacity increase.

Table 2: State wise annual capacity addition [41].

State Gujarat Karnataka Maharashtra Westbengal Tamil nadu Others
UPTO 181.4 69.3 400.3 1.1 877 3.2
MARCH'20

o2

496



Dialogue Social Science Review (DSSR) "

www.thedssr.com [e'\_é/’

ISSN Online: 3007-3154
ISSN Print: 3007-3146

Vol. 3 No. 2 (February) (2025)

DIALOGUE SOCIAL SCIENCE REVIEW

2002-03 6.2 55.6 2 0 133.6 0
2003-04 28.9 84.9 6.2 0 371.2 0
2004-05 51.5 201.5 48.8 0 675.5 0
2005-06 84.6 143.8 545.1 0 857.55 0
2006-07 283.95 265.95 485.3 0 577.9 0]
2007-08 616.36 190.3 268.15 0 380.67 0
2008-09 313.6 316 183 0 431.1 0
2009-10 297.1 145.4 138.9 0 602.2 0
2010-11 312.8 254.1 2390.1 o 0997.4 0
2011-12 789.9 206.7 416.5 0] 1083.5 0
2012-13 208.3 201.7 288.5 o) 174.6 0]
2013-14 239.4 273.8 1076.2 (0] 113.8 0
TOTAL 3414 2409 4098 1.1 7276 3.2
Srilanka

Sri Lanka is an island country southeast of India. It has an area of about 65,610 square
kilometres and more than 19 million people live there. Colombo is the industrial hub
and the capital of Sri Lanka [48]. In 2001, more than 70% of the nation's energy
demand was met by hydroelectric power plants. Victoria, Kotmale, and Randenigala are
the three largest hydroelectric power plants, together contributing around 80% of the
hydroelectric electricity in the energy mix [49]. In July 2001, research conducted by the
NREL on the viability of wind power in Sri Lanka is a significant step towards the
development of the country's renewable energy resources. NREL indicate that Sri Lanka
has substantial wind energy potential in two main areas. First is the northwest coastal
region, which contains Kalpitiya, Mannar, and Jaffna. Central highlands are another
location with moderate wind speeds, including parts of Uva, Sabaragamuwa, and
Central Provinces [50].

Wind Mapping of Srilanka

Southeastern Coastline

The southeastern coastline between Hambantota and Buthawa has garnered more
attention than any other coastline in the country due to its too high wind potential.
The first wind farm of srilanka (3-MW) is also located in Hambantota [51].
Wind power equipment may be transported in this region more easily than in any other
parts of the country. CEB successfully delivered 600-kW turbines to Hambantota as part
of the pilot project construction [52].

Western Coastline

At a height of 40m, the NREL conducted a research between 2000 and 2001 and reveal
that the mean wind speed of western coastline (Kalpitiya Peninsula) is 7.13m/s [53].
This shows that the western coastline has a great potential for generating wind energy.
The NREL maps demonstrate that an excellent wind resource potential is present in the
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northern portion of the peninsula and nearby islands. The Kalpitiya Peninsula consists
of mostly flat sandy areas that sustain low-lying flora and some coconut plantations
[54]. The southwest and northeast monsoon winds are very strong in this area. The area
doesn't have any national parks or reserves, and there is plenty of land for big wind
power projects.

Northern Coastline

The Jaffna District is located in the northern region of Sri Lanka. NREL maps indicate
that the wind resource potential of northern coastline (District Jaffna) is excellent,
signifying robust wind potential [55]. The regional war in northern Sri Lanka has
significantly impacted Jaffna. Because of this, the region's roads and electrical systems
have been harmed [56]. As for Mannar Island, developing wind power probably won't be
conceivable in the near upcoming until the area is stabilized and the infrastructure is
fixed and improved. Figure 7 shows the area of northern coastline.

e

Figure 77: Northern Coastline (District Jaffna) [57].

Afghanistan

Afghanistan is located in Central Asia and has a population of 32.53 million [58].
Unfortunately almost 60% of Afghan population are not access to electricity. Only 10 to
15 percent of Afghans have regular access to power. In 2011, Afghanistan's gross power
usage was 140 kWh per capita. By 2032, Afghanistan's peak power consumption is
projected to reach 3500 MW [59]. Because of this, the government needs to build more
power plants. The Afghan government has shown interest in attempts to harness
electricity from renewable energy sources.

Wind Mapping of Afghanistan

An important step in evaluating Afghanistan's wind resource potential was the U.S.
National Renewable Energy Laboratory's. In 2007, NREL publish Afghanistan wind
map with a resolution of 1 km [60]. In order to build the framework for the country's
wind energy growth, this map was created to assess wind energy potential at 50 meters.
It helped identify important locations for future on-site wind measurement projects.
Tetra Tech used multi-criteria geographic information system (GIS) to identify 10
prospective locations for future wind farm construction in Afghanistan. These sites
mostly located in the province of Herat, Balkh and Kabul [61]. Figure 8 shows the map
of the regions in Afghanistan that have the capacity to generate wind energy.
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Figure 8: Map of Afghan regions with potential for wind energy [62].

Potential of Wind in Baulk and Heart Province
Western Herat and Eastern Balkh are the two main wind resource regions in the country
[63]. This study seeks to measure the feasibility of breeze generating facilities in the
Baulk and Herat Provinces. In 2012, study provided detailed wind speed and direction
data at 30, 40, and 50-meter heights, collected at ten-minute intermissions over the
progression of a year [64]. This data was used to characterize the wind resources at
Hotel Safid in Herat Province and Uljato in Balkh Province. Hotel Safid and Uljato have
the greatest annual average wind speeds among the tested locations, making them
optimal for wind energy development. Figure 9 shows wind speed on a monthly basis at
Hotel Safid and Uljato in the year 2012.

Hotel safid

) b)

Figure 9: Wind speeds at Uljato and Hotel Safid [65].

Bangladesh

Bangladesh is a coastal country bounded to the south by the Bay of Bengal, to the
southeast by Myanmar, and three borders are connected to India. The total population
of Bangladesh is around 133 million [66]. It is estimated that around 68% of the
population in Bangladesh is linked to the electrical grid [67]. In 2012, the Bangladesh
Power Development Board performed research indicating that energy consumption is
rising daily, with demand growing by around 300 MW annually [68]. Because of these
facts, numerous organizations have been working hard to develop renewable energy
sources for Bangladesh's rural places. In Bangladesh, where there are a lot of rivers and
mountains, wind energy is an excellent option to fulfil its power requirements [69]. The
Bangladesh Advanced Studies conducted a research and reveal that the wind patterns in
Bangladesh show varying speeds across the country. The typical wind speed is between
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3 and 6 m/s in June and July seeing the highest wind speeds [70]. The finest locations
for wind energy are those that are located near the shore, where the annual average
wind speediness is higher than 5 m/s and the height is 30 meters. Wind speeds in the
northeastern region of Bangladesh are more than 4.5 m/s, whereas wind speeds in other
regions are about 3.5 m/s [71]. For optimal power extraction, the location must exhibit a
minimum wind velocity of 7 m/s [72]. After height adjustment, it was discovered that at
30 m, there is a significant potential for harvesting wind power for energy production in
areas such as Patenga, Cox's Bazar, Teknaf, Char Fassion, Kuakata, Kutubdia, etc.

WEST Project

An initiative known as the Wind Energy Study initiative (WEST) was launched by the
government of Bangladesh. Six WEST stations: Patenga, Cox's Bazar, Teknaf, Char
Fassion, Kuakata, and Kutubdia record monthly average wind speeds at a height of 25
meters. These stations are shown in Figures 11 (a) through 11 (f) [73].

Patenga Cox’s Bazar
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Figure 10 (a): Mean wind velocity at Patenga Figure 10 (b): Mean
wind Velocity at Cox’s Bazar
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Figure 10 (c¢): Mean wind velocity at Teknaf Figure 10 (d):

Mean wind velocity at Char Fassion
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Figure 10 (e): Mean wind Velocity at Kuakata Figure 10 (f):
Mean wind velocity at Kutubdia
The mean monthly wind velocity varies from 3 to 5 meters per second, with Kuakata
having the highest and Teknaf having the lowest, according to Figure 11. Despite these
variations, the findings suggest that wind energy can be harnessed from all six locations
throughout the year.

- / KuaKata, 4.46
Kutubdia, 4.17
3 Patenga, 3.8 — Char Fassion, 4
2 Cox's Bazar, 3.2
Teknaf, 2.75
1
0
Patenga Cox's Bazar Teknaf Char Fassion KuaKata Kutubdia
Figure 11: Yearly average wind velocity at six WEST station [74].
Bhutan

Bhutan is a minor republic located near Eastern Himalayan The population of Bhutan is
683,403 [75]. In Bhutan, the forest covers 72.5% of the land. Hydroelectric is the
primary source of power in Bhutan. According to the NSB (2010) report hydroelectricity
sales contributed for 45% of the country's earnings in 2008. The built-in capacity of
power generation in Bhutan is 1488.698 MW. Bhutan's two primary energy sources are
biomass (fuel wood) and hydroelectricity also seen in figure 12.

FPetrol (2_.89%6) Coal (G.89%)
Others
Kerosene (1.39) Electricity ( 15.99%:)

Liguefied petroleurm gas (1.39%%) Diesel (11.524)

Fuelwoo

Figure 12: Total energy sources in Bhutan [76].
Bhutan took a big step toward diversifying its energy sources when it created the
Renewable Energy Department on November 1, 2011. This was part of its plan to speed
up the growth of renewable energy sources. Bhutan has found that wind supremacy
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might be an excellent source of clean energy. The Bhutan National Renewable
Laboratory has made a wind resources map of Bhutan's and utilized meteorological data
obtained from 12 locations around the nation [77]. The data collecting duration for the
stations varied between one to four years. Using this information, the Bhutan National
Renewable Laboratory was able to determine the average wind speed and power
generation on both monthly and yearly basis. [78]. Figure 13 depicts the wind power
map showing the wind potential areas in Bhutan.
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Figure 13: Yearly wind power density at 50m height [79].

Wangdue Valley is an ideal site for wind energy investigations due to its favorable wind
resources and strategic location near key highways and transmission lines. These factors
make it a promising area for potential wind energy development [80]. Although the
wind resource potential in Chukha is lower compared to the Wangdue Valley. The
Chukha valley proximity to Phuntsholing makes it a worthwhile area for further
investigation. This strategic location may offer advantages for future wind energy
development despite the comparatively lower wind resource [81]. The route connecting
Phuntsholing and Wangdue provides the opportunity to cut logistics costs by
coordinating wind measuring and project development efforts in these locations.

Nepal

Nepal is a landlocked country surrounded between India (South, East, and West) and
China (North) with an area of 147,181 square kilometers. Approximately 68% of Nepal
land is covered with hills and slopes [82]. According to Nepal Renewable Board, the
Nepal is facing persistent power outages only 68% population of Nepal have access to
electricity [83]. The predominant source of energy in Nepal is fossil fuels. The over use
of fossil fuels leads to ecological degradation. In Nepal, finding alternative energy
sources is crucial right now in order to address the energy crisis. The use of renewable
energy sources particular wind energy presents a potentially effective answer to these
issues. Wind power development in Nepal began in the 1970s, with the first 20 kW wind
turbine erected at Kagbeni, Mustang District, in 1989 [84]. KAPEG plays a significant
part for the improvement of small scale wind turbine sector in Nepal. KAPEG conducts
seminars and conferences both nationally and internationally in collaboration with
RISO to advance the Nepal wind energy sector.
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Wind Mapping of Nepal

This map evaluated the wind resources of 10 sample locations in which two sites from
the mountain areas, five from hill region and the three from Terai region. The data were
collected all 10 sites from the Department of Hydrology and Meteorology (DHM) [85].
Wind speed data recorded at an elevation of 10 meters at hourly intervals over a twelve-
month period is used. Figure 14 (map) shows the location of all 10 sites.

Patanmn Simikot
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/ / A
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Figure 14: Geographical coordinates of all ten locations [86].

Three stations situated in a high-altitude (Mountains) location include Jumla Airport
and Simikot Airport, with elevations ranging from 2,375 meters to 2,975 meters [87].
The frequency of wind speeds above 3 m/s is 30.2% in Jumla and 15.1% in Humla [88].
The mean wind velocities in the hilly regions of Kathmandu airport, Thankot
Kathmandu, Chainpur Bajhang, Patan Baitadi and Pokhara airport are 1.18 m/s, 2.19
m/s, 3.3 m/s, 3.5 m/s, and 1.96 m/s [89]. Among the three localities in the Terai area,
Nepalgunj exhibits the lowest average speed of 0.5 m/s followed by Simara at 2.4 m/s
and Biratnagar at 2.8 m/s [90]. In Nepalgunj, just 3.8% of hours annually encounter
wind speeds over 3 m/s, whereas Simara records 8.7%, and Biratnagar 13.7% of hours
with productive wind speeds above the threshold [91]. The results indicate that wind
speeds are greater in the eastern Terai compared to the western Terai, resulting in more
technically viable wind energy resources in the eastern region.

Maldives

The Maldives is an island republic located in the Indian Ocean and has no physical
boundaries with any country [92]. The Maldives is one of the most beautiful country in
the world. This tropical paradise is made up of around 1,192 coral islands divided into
26 atolls, making it one of the most scattered nations in the world [93]. The Maldives
has a population of around 530,000, with roughly one-third living in the capital city,
Malé [94]. The Maldives' energy demands are mostly fulfilled by diesel-powered
generators, which generate around 95% of the electricity needed on the islands [95].
Due to a lack of fossil fuel resources, the Maldives imports almost all of its energy,
making it one of the most fuel-dependent countries in the world. This dependence on
diesel causes high energy prices, supply disruptions, and environmental issues owing to
greenhouse gas emissions [96]. Given the environmental risks and high costs involved
with diesel imports, the Maldives has established aggressive renewable energy
objectives. The government has pledged to achieve net-zero emissions by 2030,
replacing a major percentage of its diesel-powered electricity with solar, wind, and
battery storage options [97]. The Maldives offers excellent wind energy potential,
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because to its position in the Indian Ocean, where it receives continuous monsoon
winds [98]. However, the country's distinctive geology and dispersed islands need smart
site selection to maximize wind energy potential while minimizing environmental and
visual drawbacks.

Prime Sites for Wind Power in the Maldives
Figure 15 illustrates the wind resource map together with the designations of the
Maldives' atolls.

1-  North Maalhus Madulu.
2-  South Maalhusmadulu.
3- South Miladhunmadulu.
4- Faadippolhu Atolls.

These sites have the greatest resource of wind energy in Maldives. The wind resource in
the northern and southern regions of the Maldives is suitable for small-scale wind
energy applications and moderately favorable for large-scale projects [99]. However, the
resource is slightly weaker to the north and south of specific areas while regions like
North Thiladhunmathi, South Thiladhunmathi, North Ari, and Male' Atolls still offer
potential for wind energy [100][101]. Although Male' has a modest wind resource for
small-scale applications while favorable areas for wind projects can be found extending
as far south as Addu Atoll
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Figure 15: Wind resource map of Maldives [102].
Discussion
The results of this research provide crucial insights into the wind energy potential
within the SAARC region, highlighting significant opportunities for sustainable energy
integration across member countries. As identified through wind speed readings,
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satellite data, and GIS-based analysis, various regions within the SAARC countries
exhibit high potential for wind energy generation, particularly along coastal areas and
certain elevated inland locations. These findings align with existing literature on global
wind energy hotspots, affirming that South Asia possesses substantial yet underutilized
wind resources. However, the successful integration of these resources into a regional
super-smart grid system faces multiple challenges.

Infrastructure Limitation

One of the primary challenge in SAARC region is infrastructure limitations. Although
the wind energy potential is promising, the lack of adequate transmission infrastructure
poses a significant barrier to the development of a unified super-smart grid. Many
SAARC countries face challenges such as outdated power grids, limited inter-country
transmission lines, and unreliable grid stability. Strengthening the existing grid
infrastructure and constructing high-capacity transmission lines to connect high-wind
potential areas to demand centers is essential.

Financial Barrier

In addition to infrastructure issues, financial barriers remain a major hurdle. The high
initial capital investment required for wind energy projects, along with the fluctuating
costs of wind turbine technology, presents a challenge for both public and private sector
stakeholders. Developing financial models that combine public-private partnerships
(PPPs), international financing, and government incentives could mitigate these
financial obstacles. Furthermore, international financing from multilateral institutions
such as the World Bank or Asian Development Bank could help bridge the financing
gap, especially in the initial stages of wind energy infrastructure development.

Regulatory and Policy Framework

Regulatory and policy frameworks are also critical to the success of wind energy
integration into the SAARC grid. Inconsistent regulatory policies and lack of
standardization across countries complicate the development of cross-border energy
projects. There is an urgent need for harmonization of regulatory frameworks that foster
regional collaboration, incentivize wind energy investments, and ensure the adoption of
best practices in energy generation. SAARC countries can draw upon successful
international models, such as the European Union’s energy regulatory framework, to
create a common set of standards and policies that promote cross-border energy trade.

Socioeconomic Factors

Socioeconomic factors further complicate the development of wind energy in the region.
While wind energy offers long-term environmental and economic benefits, its success
depends on local community support and workforce readiness. In many regions, there is
a lack of awareness about the benefits of wind energy, and local communities may be
skeptical of its environmental and economic benefits. Engaging local stakeholders in the
decision-making process, providing training programs, and raising awareness about the
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advantages of wind energy can enhance public acceptance and create job opportunities
in the renewable energy sector.

International Collaboration

The case studies of successful wind energy projects and international collaborations,
such as the wind farms in Tamil Nadu (India) and Pakistan's Sindh province, illustrate
the potential for cross-border cooperation and the sharing of best practices. These case
studies show that through strategic partnerships and technology transfer, SAARC
countries can accelerate the development of wind energy projects. Additionally, global
cooperation, particularly with organizations like the International Renewable Energy
Agency (IRENA), can provide technical expertise, knowledge sharing, and financial
support for the region.

Conclusion

In existing literature many papers have been published till now related to the SAARC
super smart grid based on renewable energy but no one can explain the exact location
and potential sites of renewable energy in all SAARC region. This paper gives a
comprehensive overview of wind energy and identifies specific places with significant
wind potential within the SAARC region. Using satellite data, wind speed
measurements, and geographical information systems (GIS), we give a complete study
of wind patterns, capacity factors, and seasonal fluctuations in wind resources across
member nations. When making strategic decisions about the SAARC super smart grid,
policymakers and practitioners can benefit from the varied viewpoints offered by this
research. Table 3 presents a summary of the comparison of existing review of wind
potential in SAARC countries.

Table 3: Comparison of Existing Literature

Publish Referen Pakist Ind Banglad Nep Srilan Maldiv Afghanis Bhutt

ed ce an ia esh al ka es tan an
Years

2011 [103], X v X X v X X X
[104]

2015 [105], 4 v X X X X X X
[106]

2016 [107], X X v X v X X X
[108]

2017 [109], X x v X X X v X
[110]

2018 [111], v X X X X v v X
[112]

2019 [113], X v X v X v X v
[114],
[115],
[116]
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2020 [117], X X v X X X v v
[110],
[118]

2021 [119], X 4 X v v x X X
[120],
[121]

2022 [122], v X X X v X X X
[123]

2023 [124], X X v x X x v X
[125]

2024 [126],[1 X x v X X X v X
27]

Our v v v v v v v v

Work

2025
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