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Abstract: This study presents a significant initial assessment of the wind potential of the
Bacabeira region in the Brazilian state of Maranhao, using data from a Sonic Detection and
Ranging (SODAR) station installed on the eastern bank of the Mearim River. Our preliminary
findings suggest substantial wind potential, highlighting favorable geographic characteristics
that support wind energy exploitation. For the evaluation of the region’s energy potential, a
measurement period was stablished using a SODAR, with wind data measured by profiling.
Two methodologies were then applied for estimating turbine power output: the rotor equivalent
wind speed (REWS) and the hub height method. The region proved promising for this kind of
energy exploitation, presenting daily capacity factors up to 0.70 in a month of moderate winds

in the area.
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1. INTRODUCTION

Wind energy in Northeast Brazil represents a significant
and growing segment of Brazil’s renewable energy portfo-
lio. This region, known for its steady and strong winds, is
particularly suitable for wind energy production as seen
in (ABEEOLICA, 2022). The development of wind energy
in Northern Brazil is part of Brazil’s broader efforts to in-
crease renewable energy sources and reduce its dependence
on traditional fossil fuels.

The unique geographical and climatic conditions of North-
east Brazil, including its extensive coastline and the pres-
ence of consistent trade winds, provide an ideal environ-
ment for wind farms (Dantas et al., 2019). These features
contribute to high-capacity factors, meaning that wind
turbines in this region can produce electricity close to their
maximum potential more frequently than in many other

parts of the world (ONS, 2023).

Wind energy in Northern Brazil is a dynamic and vital
part of Brazil’s push towards a more sustainable and
environmentally friendly energy future. With continued
investment and careful management, it promises to provide
a substantial portion of Brazil’s electricity needs while also
contributing to global efforts to mitigate climate change.

The coastline of the region has demonstrated significant
potential for wind energy generation, turning it apt to the
establishment of several efficient wind farms. As available
coastal areas approach full capacity, it becomes strategi-
cally important to explore adjacent regions that retain
similar coastal energy characteristics. Conducting tech-

nical and economic feasibility studies will be crucial in
determining whether these areas are suitable for current
or future wind farm development.

In this paper, we present preliminary studies on wind
energy conducted in the Mearim River region, located 30
km from the entrance to Sao Marcos Bay in Maranhao.
According to (Costa et al., 2023), this coastal area, charac-
terized by its partial flooding, low vegetation, and minimal
conflict with other land uses, provides a unique setting for
such research. Over several months, data were collected
using a Sonic Detection and Ranging (SODAR) platform,
and additionally, point-specific data were gathered using
an onboard Light Detection and Ranging (LIDAR) system
better addressed by (Figueredo et al., 2023).

This paper is structured as follows: Section 2 provides a
description of the location, Section 3 discusses the data
analysis conducted during the measurements, Section 4
addresses the generation modeling, Section 5 presents the
results and Section 6 concludes the paper.

2. SITE DESCRIPTION

The wind resource monitoring system was installed on
a shrimp farm located near the Mearim River / Sao
Marcos Bay, 30 km from Sao Luis, in the village of Perises
de Baixo, municipality of Bacabeira/MA, BR-315. This
region is characterized by an extensive fluvio-marine plain
as described above (Cosme et al., 2023), with halophytic
floodplain fields. Access to the farm is via a local road,



partly paved with asphalt and partly dirt. Fig. (1a) and
Fig. (1b) show the satellite images of this location.

Also in Fig. (1a), it is possible to observe the proximity
of the measurement site to the Mearim River (approxi-
mately 2 km) and Caranguejo Island (a site of previous
studies conducted by our research team). The location
represented by the white dotted circle indicates the tanks
for shrimp farming in captivity. Due to the proximity to
the Mearim River, it is possible to assert that the wind
resource measured at this point Fig. (1b) also represents
approximately the same wind conditions within a radius
of 5 km, since it is a field that remains flooded for much
of the year with lowlying vegetation and, when present,
lowheight mangrove vegetation.

Exact area of wind
prospecting.

(a) Prospecting area near the (b)
Mearim River.

Figure 1. Maps showing the prospecting areas.

The reason for developing studies in this area stems from
several favorable aspects it presents. The proximity to
the capital, Sdo Luis, and particularly to the electrical
transmission network (230 kV substations), along with
the low land costs (lands poor for cultivation) and easy
access (logistics facilitated by road and rail networks, close
to ports), could be attractive for the installation of wind
farms. Thus, the commercial wind resource between 40 m
and 160 m in altitude is the focus of the discussion in this

paper.

The wind resource measurement campaigns were con-
ducted using a Sonic Detection and Ranging (SODAR)
wind profiler, seen in Fig. (2), which shows the location
of its installation between two shrimp breeding tanks in a
flat and open area.

Figure 2. SODAR installed at the measurement point.

Since it is a remote location, the electrical service is
supplied by a rural energy provider, primarily used for
pumping in the water renewal of the tanks.

Given the irregularity in the power supply and the delays
in restoration, it was necessary to use an uninterruptible
power supply (UPS) with a remote access control panel,
as shown in the figure below Fig. ( 3), to ensure a reliable
energy supply to the SODAR and its accessories.

Figure 3. SODAR nanogrid setup at the measurement site.

The support system consists of an uninterruptible power
supply (UPS) that feeds in parallel with the existing
electrical network, the SODAR converter (220 V AC /
24 V DC), and an internal power supply (220 V AC /
24 V DC) located in the control panel. This device allows
energy supply to an industrial computer (which runs the
SODAR software collecting measurement data) and a 4G



modem that enables remote access to the database, as well
as monitors the proper operation of the system.

This system allowed for the reliable storage of data on
a server and facilitated remote access for maintenance,
ensuring continuous and efficient operation.

3. DATA ANALYSIS

The measurements were conducted from December 1st
to 27th, 2023, a period marked by heavy rainfall in the
Perizes region. The SODAR was configured to measure
heights ranging from 30 m to 280 m, with a frequency of
10 minutes. In total, 99,866 valid entries were obtained.
The wind speed is illustrated at heights of 40 m, 100 m,
and 160 m, as detailed in Figure 4.
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Figure 4. Wind Speed Measurements for Heights of 40 m,
100 m and 160 m for the Month of December.

A small gap in the data was observed at certain heights.
This is due to a temporary shutdown of the equipment
caused by the lack of a reliable power grid and some
necessary maintenance. At 40 m height, wind speed peak
reaches approximately 12 m/s. At 100 m, the peak reaches
14 m/s, and for 160 m, it reaches around 15 m/s. In
Fig. (5), daily measurements of the average wind speed
at heights of 40 m, 100 m and 160 m are presented.

Figure 5. Daily Average Wind Speed Measurements for
Heights of 40 m, 100 m and 160 m for the Month of
December.

In Fig. (5), we observe the variation in average wind
speed at heights of 40 m, 100 m, and 160 m. The chart
clearly illustrates how wind speed changes with height,
highlighting peaks at different levels and variations over
the measured period. There is a noticeable decrease in
wind speed measurements on the 18th, likely due to rain.
Even at 40 m height, there is a peak slightly above 7 m/s;
at 100 m, a peak above 8 m/s; and at 160 m, a peak above
9 m/s. Additionally, at 40 m, the speed is still notable,
considering that the normal cut-in speed of turbines is 3
m/s and, for most of the time, the speed at 40 m remains
above 4 m/s. Between 100 m and 160 m, the average speed
is similar and mostly above 6 m/s, while at 40 m, the speed
is significantly lower.

We performed a statistical analysis using the database for
heights of 40 m, 100 m and 160 m, and the results can be
seen in Table 1.

Table 1. Statistical Comparison of Measured
Speeds at Heights of 40 m, 100 m and 160 m.

Height(m) 40 100 160
Average (m/s) 5.58 6.86 7.56
Median (m/s) 5.49 6.71 7.62
StD (m/s) 252 235 1.99
Variance (m/s)?  6.34 551  3.96
Minimum (m/s) 010  0.16  0.20
Maximum (m/s) 1290 15.31 14.76
Amplitude (m/s)  12.80 15.15 14.56
1° Quatile (m/s)  3.65 5.36 6.39
32 Quartile (m/s)  7.42 8.40 8.76
IQR (m/s) 377 304 237
Availability 0.94 0.91 0.73

Based on the values presented in Table 1, referring to the
data collected at Perizes, it is observed that the higher
the altitude, the greater the wind speed. Specifically, the
average wind speeds are 5.58 m/s at height of 40 m, 6.86
m/s at height of 100 m, and 7.56 m/s at height of 160
m. It is worth noting that variance decreases and data
availability decreases as altitude increases.

With the data, we can construct a wind rose based on
wind speed and direction. Furthermore, it is possible to
compare the wind direction at heights of 40 m and 160
m. It is worth remembering that the higher the altitude,
the smaller the variation in wind direction, as we will see
below.

At height of 160 m, we have 3841 entries, of which 2810
do not have null data, corresponding to 73.16% valid data.
We can analyze the wind behavior for this height through
the wind rose in Fig. (6).









speed at a single height, typically resulting in higher wind
speed values because it does not account for variations at
different heights. This often leads to overestimation of the
available energy.

In contrast, the REWS (Rotor Equivalent Wind Speed)
method integrates wind speed measurements across the
entire rotor swept area. This method considers the vertical
wind shear and provides a more conservative and realistic
estimate of the wind energy potential. Therefore, while the
hub height method shows higher energy peaks, the REWS
method offers a more accurate representation of the wind
conditions experienced by the turbine, leading to lower but
more reliable energy output estimates.

Table 3. Capacity Factor.

Day Capacity Factor Equivalency  Capacity Factor 100m

1 0.211049 0.365038
2 0.209499 0.387242
3 0.158458 0.318257
4 0.212981 0.400829
5 0.206402 0.395464
6 0.212614 0.400041
7 0.304970 0.519242
8 0.261468 0.405764
9 0.237304 0.426573
10 0.255798 0.477928
11 0.418968 0.706727
12 0.337409 0.513862
13 0.265559 0.423977
14 0.371539 0.546224
15 0.324825 0.509288
16 0.286590 0.495677
17 0.253907 0.458752
18 0.159561 0.337922
19 0.187123 0.328423
20 0.246717 0.425008
21 0.233481 0.397768
22 0.219193 0.403758
23 0.192724 0.346190
24 0.206948 0.367712
25 0.232050 0.391392
26 0.153996 0.271443
27 0.150538 0.254009

The Equivalent Wind Speed (REWS) methodology pro-
vides a useful means to understand the effects of wind
shear in the context of energy generation. Comparing the
equivalent wind speed with measurements taken directly at
hub height, Table 3, it was found that the REWS method-
ology consistently produces lower capacity factor values.
For instance, the maximum equivalent capacity factor was
0.418968, while the maximum CF for a 100 m estimation
was 0.706727.

To verify which methodology provides a more accurate
power assessment, it would be necessary to compare data
from the actual power output of a turbine with the mod-
eled power output using wind data measured by a profiler.
As we do not have access to this data, we can only conclude
that the REWS approach in this location underestimated
the energy production, whereas the traditional method at
hub height tends to overestimate it. However, the REWS
methodology considers more data points that the wind
turbine would actually perceive.

The REWS methodology provides a lower but more re-
alistic capacity factor because it takes into account the

wind speed variations along the entire rotor swept area,
resulting in a more conservative estimate. On the other
hand, the hub height method tends to overestimate the
capacity factor as it relies on wind speed measurements
at a single height, ignoring the variability in wind speed
at different heights. This comprehensive approach by the
REWS method ensures that all the relevant wind speed
data influencing the turbine’s performance are considered,
thus providing a more accurate and reliable estimation of
the wind energy potential.

6. CONCLUSION

During the measurement period, the SODAR faced chal-
lenges with energy supply and data losses due to equip-
ment characteristics. A dedicated nanogrid was necessary
to mitigate these issues, but data availability still de-
creased with height, being 94% at 40 m and only 73%
at 160 m.

The Equivalent Wind Speed (REWS) methodology was
valuable for understanding wind variation effects on en-
ergy generation. REWS consistently produced lower av-
erage values compared to hub height measurements. For
example, the maximum equivalent capacity factor was
0.418968, while the maximum capacity factor at 100 m was
0.706727, indicating that REWS tends to underestimate
energy production, whereas the traditional method tends
to overestimate it.

REWS offers a more stable and accurate estimate of
wind energy generation, with less variability in energy
production. However, its effectiveness is limited by data
availability at all rotor heights. To confirm the accuracy of
REWS, data from the actual power output of a turbine
compared to the modeled power output using SODAR
measured wind data would be necessary. This highlights
the importance of REWS whilst providing a comprehen-
sive and accurate assessment of wind turbine performance,
offering insights for optimizing future wind farm projects
in the region.

Future approaches could include the integration of long-
term wind data, using additional measurement devices,
such as LIDAR, to further validate the findings of this pre-
liminary assessment. Additionally, utilization of machine
learning algorithms to predict wind patterns and optimize
turbine placement could enhance the study’s robustness.
Investigating the impact of seasonal variations on wind
patterns and energy production could also provide valu-
able insights for future projects.

In summary, this study indicates significant potential for
wind energy generation in the Rio Mearim region, i.s Per-
izes, especially when considering the REWS methodology.
This approach provides a more accurate assessment of
wind resources, contributing to better management and
planning of wind energy installations and promoting a
more efficient and sustainable transition to renewable en-
ergy sources in the region. This potential was observed
even during 2023, an atypical year, with rains occurring
at the end of the year instead of the usual pattern at the
beginning of the year.
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