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Numerical and Experimental Resource
Assessment for a Tidal Turbine in the Tagus

River Estuary
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Abstract—Lisbon, the capital of Portugal, is located on
the mouth of the Tagus River, where the current speed
and direction are mainly governed by the local tides. The
narrowest part of the river is located between Lisbon
downtown and the western side of the city. This narrowing
accelerates the water flow and makes it a potential site
for a tidal energy system. A preliminary study based on
numerical simulations using the software MOHID was
conducted to assess potential energy yields throughout the
estuary using freely available hindcast data. This allowed
the selection of three potential sites for a tidal turbine in
the Lisbon area based on yearly tidal and current energy
density: off the coasts of Cacilhas, Belém, and Paço de
Arcos. However, even if the current model has been previ-
ously validated with experimental data, it was only done at
two locations in the estuary that are far from the potential
sites. Due to the complexity of the phenomena driving the
current speed at these locations, additional validation is
necessary before committing to a specific site. This paper
presents the numerical analysis, the experimental campaign
and the validation of the results at those three locations.
Drifters with sails of 3.4m and 4.5m depth were released
at least 8 times at each location and retrieved after 15
minutes of free drift. Each drifter was tracked with a GPS
and the current speed and direction were derived from the
drifters’ trajectory. The analysis of the experimental data
shows good agreement with the model, even though an
error of 0.3m/s is consistent throughout the tests. This paper
concludes with a discussion on the various parameters
that could be the source of the differences between the
numerical and experimental data.

Index Terms—MOHID, Tidal energy, Validation, Current
drifters, Numerical Modelling, Tagus River, Experiments.

I. INTRODUCTION

W IND and solar photovoltaic are the most har-
vested resources of renewable energy [1] used

across the world to decrease local carbon footprint
while answering the energy needs. However, the tech-
nologies to harvest large amount of solar and wind
energy are usually not well suited for an urban envi-
ronment because they require large surface areas and
undisturbed resources, which is not possible at the
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vicinity of high buildings that both distorts the wind
flow and shades the solar panels. On the other hand,
cities built at an estuary can benefit from the combined
power of the river current and of the tides using hydro-
kinetic turbines to harvest their energy. In the case of
Lisbon, the tides are the dominant factor of the current
speed [2], which means that seasonality and extreme
weather events would have only limited impact on the
power production, hence facilitating the management
of the power input to the grid.
Existing studies can provide insights on the current
speed distribution in the Tagus estuary. For example
two experimental campaigns, [3] and [4], were con-
ducted to assess the current velocities at more than
10 locations in the Tagus River. They used Acoustic
Doppler Current Profilers (ADCP) installed at various
depths below the water level. In both studies, only
the partial analysis of the data can be found, and
not the raw data. The authors showed nonetheless a
clear acceleration of the flow around the 25 de Abril
bridge based on the measurement from the Autoridade
do Porto de Lisboa in 1987, and a great variability
across the estuary using data collected by the Faculty of
Science of the University of Lisbon between 1985 and
1989. In both cases, the measured velocity peak is ap-
proximately 1.5m/s. However, those measurements are
more that 30 years old, and climate change or dredging
activities might have significantly altered the dynamics
of the estuary. It is therefore crucial to conduct new
numerical and experimental campaigns.
The numerical tool MOHID [5] was specifically de-
signed to study such complex hydrodynamic be-
haviour of coastal areas. It is an open-source tool
that is continuously improved and updated by the
MOHID community. Originally developed by the Ma-
rine and Environmnetal Technology Research Center
(MARETEC), it started as a bi-dimensional hydrody-
namic model [6], and was later updated for a three-
dimensional (3D) version including 3D lagrangian and
3D eulerian transport models [7]. The tool allows the
adoption of an integrated modelling philosophy, not
only of processes - physical and biogeochemical -, but
also of different scales - allowing the use of nested
models - and of systems - estuaries and watersheds -,
due to the adoption of an object oriented programming
philosophy. MOHID was validated against experimen-
tal data in [8] and [9] using the Tagus estuary as a test
case, but the validation was conducted only on a lim-
ited amount of locations. MARETEC has an operational
model based on MOHID for the Tagus estuary that
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offers hourly forecasts of multiple variables including
water elevation, salinity, current speed and direction
[10]. The spatial and temporal discretisation (1h and
200m) of this operational model is however not refined
enough for a detailed analysis.
In this work, we first use this operational model to
conduct a statistical analysis of the energy distribution
in the Tagus estuary to highlight three potential sites
for a tidal energy system to power Lisbon. This anal-
ysis also considers the availability of on-shore power
stations at the vicinity of the sites, a parameter that
has a significant impact on the levelized cost of energy.
At each of these sites, an experimental campaign was
conducted using GPS-tracked drifters to measure their
drift and to deduce from this information the current
speed. The experimental results were then compared to
the outputs of the operational model to validate it. Both
numerical and experimental analysis showed similar
trends, despite variations in current intensities.
The paper is organised as follows: first the numerical
analysis to select the three potential sites is presented.
Then, the experimental setup using robust low-cost
drifters is detailed, followed by the methodology for
the data analysis. A comparison between the model
results and the experiment is then proposed. Finally a
discussion on the assumptions is described to explain
the differences between the experimental and numeri-
cal results.

II. PRELIMINARY NUMERICAL RESOURCE ASSESSMENT

A. MOHID model

The core of the MOHID Water modelling system
is a fully three-dimensional hydrodynamic model
which solves the Navier-Stokes equations, considering
the Boussinesq and hydrostatic approximations. The
equations are numerically solved by using the Finite
Volume method with a generic vertical discretization,
which allows for the simultaneous implementation of
various types of vertical coordinates.
The Tagus estuary model was implemented by using
a downscaling approach, described by [11]. Three
domains were nested in an online one-way approach
to properly represent the tidal forcing at the ocean
boundary. The first domain has a grid resolution of
0:06°, covering the entire West Iberia coast (33:5°N
and 49:9°N , 1:0°W and 13:5°W ) and was forced only
with the FES2004 (Finite Element Solution) tidal atlas
[12]. The second domain was used to smooth down
the changes between the first and third domains grid
resolution, minimizing numerical instabilities. With
a grid resolution of 0:02°, the second domain covers
part of the Portuguese coast (36:0°N and 39:9°N ,
8:5°W and 10:5°W ). The bathymetry of the first
two domains generated from the ETOPO 20 database
(http://www.ngdc.noaa.gov/mgg/global/etopo2.html).
The last domain includes the Tagus estuary and part
of the nearest coast (38:5°N and 39:1°N , 8:7°W and
9:6°W ) and has a variable resolution, with 0:002° (200
m) inside the estuary, and a time discretisation of
one hour. The bathymetry was generated by using

TABLE I
SITES LOCATION

Symbol Location Latitude Longitude

L1 Paço de Arcos 38.686807◦ -9.292010◦

L2 Belém 38.691339◦ -9.190508◦

L3 Cacilhas 38.688337◦ -9.162385◦

data collected during several bathymetric surveys,
provided by the Portuguese Hydrographic Institute.

B. Selection of potential sites

The analysis was carried out on the Tagus estuary
numerical model, as described in Section II A. The anal-
ysis was limited to points with a water depth above
3.4m, to avoid areas where the turbines would not fit
underwater, and between the following latitude and
longitude: 38:64°W , 38:74°W , �9:35°N , �9:10°W . For
each remaining point of the grid, the modelled current
velocity at each time step was analysed. The occurrence
of instances having a current above 1m/s at each spa-
tial point during a certain period of time was calculated
as the ratio between the number of time instances with
a current velocity above 1m/s and the total number
of instances during that period of time. This analysis
was done with two time scales: yearly and monthly.
Figure 1 presents that percentage between September
2020 and September 2021 and the same percentage
for the following year, between September 2021 and
September 2022. Both years highlight two points of
higher currents: East of the 25 de Abril Bridge, as
presented in [3], and slightly west of the coast of Paço
de Arcos. Figure 2 presents a similar analysis but for
one month in each season. It seems to show that there
is little seasonality and that the flow is mainly tide
driven rather than river flow driven, as detailed in [2].
This analysis should however be repeated on multiples
years to include high flow events occurring during
”wet” years, but those years were unfortunately not
included in the Tagus estuary operational model, and
this step was neglected.

Two potential sites were therefore clearly identified
from their energetic point of view. However, one must
also consider the distance to the electrical substations
as a design parameter. Indeed, sub-sea power cables
represent a significant cost both in terms of CapEx
and OpEx [13]. Given the location of the substation in
Belém, an additional site was identified off its coast.
Finally, the presence of the navigation channel was
also considered as a constraint: the turbine must not
interfere with the navigation. This lead to the final
three potential locations presented in Table I and Figure
3.

III. EXPERIMENTAL SET UP

A. Equipment

The flow measurements were done using simple
drifters equipped with a GPS. Each drifter was com-
posed of a self-made Styrofoam floater with a water
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Fig. 1. Analysis of zones of higher current. Top: between 09/2020
and 09/2021. Bottom: between 09/2021 and 09/2022.

casing where the GPS could be placed. The floater was
then connected to a flexible steel wire, which allowed
the adjustment of the depth of the sails. The sails were
mounted as a cross on a steel frame using one vertical
pole attached to the steel wire and four horizontal
poles. The sails were made out of flexible, hard-to-
puncture plastic sheets attached to the horizontal poles
with small 3D-printed clips. Finally, a relatively heavy
chain was placed at the bottom of the main pole to
ensure that the drifters would remain vertical in the
water. Pictures of the drifters, their dimensions and
details of the connections are presented in Figure 4.
In total, 4 drifters were built, with two different sails
depths: 3.4m and 4.5m. The first depth corresponded
to one of the discretisations of the numerical model,
and the second depth corresponded to a more realistic
rotor depth for a tidal energy device.
The GPSs used were the Sport LogBook GT-740FL-S,
which have the advantages of being low-cost, small
and water resistant. Its frequency of acquisition was set
to the smallest available option: 1 second. Its accuracy
in latitude and longitude was 10�6 degrees, which
corresponds to an accuracy of 1m. Each GPS provided,
for each point of measure, a time stamp, a latitude and
a longitude coordinates.
A Rigid Inflatable Boat (RIB) (Figure 5) was used
to release the drifters. The RIB was large enough to
accommodate for the four drifters, two crew members
to navigate the boat, and two crew members to conduct
the tests.

Fig. 2. Evolution of the current potential through the seasons. From
top to bottom: Autumn, Winter, Spring, Summer.

B. Test protocol

The test protocol was defined as follows. Before
sailing out, the crew turned on all GPSs and secured
them in the water-tight compartments. The crew then
sailed to one of the locations (L1, L2 or L3) and released
the four drifters, one by one, noting the time of each
release. The drifters were left to drift for 15 min or until
they drifted too close to a vessel sailing in the area.
In both cases, the drifters were manually recovered
thanks to the low free board of the RIB. The time of
each recovery was carefully recorded. The test was then
repeated four times at the same location. The crew
would then sail to the other locations and reproduce
the series of launch and recovery. All drifters were




