
INTRODUCTION
A numerical assessment study of the tidal potential energy was
conducted for Brazilian Equatorial Shelf (BES), one among the
macrotidal regions worldwide.

METHODS
This study used a high-resolution (1/24o) numerical configuration of
the ocean model ROMS (Regional Ocean Modeling System) forced
with realistic surface (CFSR) and lateral forcing (HYCOM/NCODA), as
well as with tides (TPXO 7.2) and river discharges.

Fig. 1. Bathymetry and model domain. The light brown line indicates the 25 m isobath. The blue circles indicate the location
where the discharge of each river was included in the model configuration. The inset world map shows Brazil in green and
the model domain in orange.

The time series of modeled tidal heights have hourly time
resolution and were used to calculate the tidal energy. The potential
energy (J) of a filled tidal barrage is given by E; where 𝜌 is the water
density (1024 kg m-3), 𝑔 is the acceleration of gravity (9.81 m s−2), 𝐴
is the area of the barrage (m2) and 𝐻 is its height (m, the difference
between high and low tide). During a period 𝑇 (s) during which the
barrage fills 𝑁 times, the potential power density (W m−2) is P:

𝐸 =
1

2
𝜌𝑔𝐴𝐻2 𝑃 =

1

𝑇
෍

𝑖=1

𝑁
1

2
𝜌𝑔𝐻𝑖

2  𝐺 =
𝐿

𝐸10−6/3600

The Gibrat Ratio (G) is the ratio between the length of the dam, 𝐿
(m), and the amount of stored energy at the dam (MWh):

RESULTS AND DISCUSSION
Tidal heights of more than 2 m were found in three regions in BES
due to the large tidal amplification across the estuarine channels
inside each region: Amazon, Pará, and Maranhão, and for a
considerable time fraction. Heights between 4 and 5 m occurred
with a frequency greater than 20%–30% in some regions.

Fig. 2. Spatial distribution of the percentage of tidal heights (semi-cycles) greater than the cut-in values of 1, 2, 3, 4 e 5 m.
Results are shown for the whole tidal cycle (ALL), flood, and ebb respectively. The isobaths 10, 25 and 200 m are also
illustrated in each panel. The blue rectangle in the first panel (upper left) shows the zoom region depicted in the right panels
(cut-in 5) and the small orange rectangle represents the zoom region inset in the two rightmost columns (cut-in 4 and 5).
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Fig. 3. Time averaged power density of tidal heights (103 W m2) calculated considering the whole tidal cycle. The proposed 
tidal barrages are indicated by the ellipses in their respective region. The black contours shown indicate the isobaths 10, 25 
and 200 m.

All hypothetical barrages proposed in this study (Fig. 3) were
capable of an annual power production, in two-way mode, higher
than La Rance (533 GWh year−1, two-way operation, France) and
Sihwa (553 GWh year−1, flood-only operation, South Korea), except
one with the same production as Sihwa barrage (Fig. 4).

Fig. 4. Boxplots of energy production (GWh) of the proposed tidal barrages in the study area. Results are shown for the 
whole tidal cycle (ALL), flood, and ebb respectively. The lower and upper limits of the box plots are the percentiles 5 and 
95%. The red dot inside the interquartile range rectangle indicates the mean and the vertical line represents the median. 
Also shown the average tidal height (of both flood and ebb), area and length of the barrages in the three rightmost panels.

The installation effort was evaluated using the Gibrat ratio. Among
the proposed barrages, the most efficient ones have an annual
power generation greater than 1500 GWh year−1 and a Gibrat ratios
between 1.17 and 3.26, much lower than the Gibrat ratio of Sihwa
tidal barrage (Table 1).

Table 1. Annual energy production obtained through the potential energy of tidal heights. H indicates the average height in 
the simulation period inside the barrage, L the barrage length and A the barrage area. Values related to La Rance, Sihwa and 
Severn were obtained in literature (e.g., [55,56]).

CONCLUSION
The BES is a source of clean energy to be explored. Considering the
extraction of energy from tidal heights, it is possible to produce
renewables along the entire extension of BES.
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