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Abstract

This work presents the hydrodynamic and techno-economic analysis of a novel floating offshore
hybrid wind-wave platform. The study was driven by the need for adoption of low-carbon energy sources
while ensuring energy security and affordability. Floating multi-purpose platforms have the potential
of reducing costs associated with floating offshore wind alone. This work is based on Octaplat, a barge-
type hybrid wind-wave floating platform whose design was preliminarily designed at Instituto Superior
Técnico, University of Lisbon. The design consists of an octagonal platform with five oscillating water
columns (OWCs). The optimal geometry generates a mean annual wave power of 2.5 MW for turbine
diameters of 10 m. The levelized cost of energy (LCOE) was determined for a farm located off the coast
of Portugal. With the optimal set of turbines, an LCOE of 116 €/MWh was obtained. An additional
analysis explored the feasibility of employing two turbines per air chamber within each OWC to enhance
reliability and cost-efficiency. However, the results indicated that a single air turbine configuration is
more beneficial for this case. This study presents a competitive multi-purpose platform with potential
to play a crucial role in achieving sustainable environmental goals.
Keywords: Offshore wind energy, hybrid wind-wave energy systems, floating multi-purpose platforms,
oscillating water column

1. Introduction

Global surface temperature increased around
1.1oC from 1850-1900 to 2011-2020 [1]. Green-
house gas emissions are considered to be the main
drivers of this human-induced phenomenon, with
the largest share belonging to CO2 emissions from
fossil fuels combustion and industrial processes [1].
The Paris Agreement, established in 2015, called
for action to limit global warming to 1.5oC, im-
plying emissions to reach net zero by 2050. Pol-
icy makers worldwide are, therefore, seeking to in-
crease the rate of adoption of energy technologies
from low-carbon sources [2]. In this sense, the Eu-
ropean Commission (EC) set a package of policy
initiatives aiming to make Europe the first climate-
neutral continent [3]. Encouraged by policy support
and market developments, renewables have seen sig-
nificant growth in recent years [4]. Upon the com-
mence of Russia’s war in Ukraine, and the inher-
ent challenge in maintaining energy security, it be-
came clear the need to accelerate this development
even further. In 2022, the European Commission
responded to this with the release of the REPow-
erEU strategy, which proposed increasing the Euro-
pean Union’s 2030 target for renewables from 40%
to 45% [4].

Offshore energy arises as an answer to these chal-
lenges, and European Research and Development
(R&D) organizations and industries are currently
working on the development of technologies to har-
ness the power of the sea and produce clean elec-
tricity at competitive prices. The European Union
(EU) has the largest maritime space in the world,
being in an advantageous position to develop off-
shore renewable energy due to the diversity and
complementary nature of its seas. Thus, the pursuit
of this path is crucial to enable Europe to achieve
the proposed targets by 2050 [5].

Offshore wind technology has emerged as a key
player in the path to decarbonization, and its de-
velopment has enabled countries to build farms in
locations where there are high wind resources close
to densely populated coastal areas [6]. The greater
capacity factor for offshore wind, as well as its sea-
sonality patterns, confer more security to the sys-
tem when compared to other variable renewable en-
ergy sources [7]. All these benefits contribute to an
increasing adoption of this technology, encouraged
by governments’ policies and incentives. To comply
with the NZE by 2050 scenario, and assuming the
sector sees significant progress in the next years, the
International Renewable Energy Agency (IRENA)
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states that offshore wind capacity could reach 228
GW by 2030 and 1 000 GW in 2050, with Asia as-
suming more than 60% of global installations [6].
Therefore, and facing the challenges imposed by
the energy crisis, the Portuguese government an-
nounced in the beginning of 2023 its goal of reach-
ing 10 GW of offshore wind energy capacity by 2030
[8].

In order to ensure this growth is verified, how-
ever, it is necessary that offshore wind experiences
great technological development. In fact, since the
first offshore wind installment, efforts have been put
to develop better performing turbines [7]. Such in-
novation has contributed to achieving higher max-
imum power outputs of turbines, by increasing the
tip height and swept area which enables the tur-
bine to have a higher wind capture rate and, ulti-
mately, to lower LCOEs. In addition, offshore wind
installations have been moving further from shore
to access better quality wind resources – translat-
ing into higher capacity factors [7, 9]. This implies,
however, that the projects are installed in deeper
waters, bringing challenges to their installation -
the fixed-bottom foundations used in shallow wa-
ters projects become economically unattractive un-
der these conditions. Thus, the industry has been
developing floating foundation technologies, based
on previous examples from the Oil and Gas sector,
and assessing its costs [7]. Despite the recent ad-
vances regarding this technology, the LCOE of float-
ing offshore wind is still considerably higher than
that of bottom-fixed solutions [10, 7, 11]. Thus, to
be able to harness better wind resources in deep wa-
ters, solutions must be found to reduce this value
for floating platforms. One possibility is to develop
systemic approaches with ocean energy technologies
[6], which benefit from greater predictability than
other Renewable Energy (RE) sources [7].

1.1. Objective
This study focused on hybrid wind and wave sys-

tems as a way of generating renewable energy while
aiming at reducing the costs associated with each
one’s individual power generation. The main objec-
tive of the work was to perform a techno-economic
analysis of a novel hybrid wind-wave floating plat-
form, in order to assess the viability of its commer-
cialization.

As such, the specific goals were:
• To design a hybrid wind-wave floating platform

based on the preliminary system developed at
Instituto Superior Técnico, University of Lis-
bon. The system consists of a floating platform
that incorporates oscillating water columns as
wave energy converters.

• To perform a hydrodynamic study of the plat-
form.

• To make a parametric analysis of the platform.

• To estimate the combined wind and wave
power of the system.

• To make a techno-economic analysis of the sys-
tem for the case study of the Portuguese coast.

2. Combined Wind-Wave Systems
Combined wind-wave systems can be classified

according to the technology, water depth, or
location relative to the shoreline. In Ref. [12],
a classification based on the level of connectivity
is proposed (see Figure 1). Accordingly, these
systems are categorized as co-located, hybrid, and
island systems. This work focused on wind-wave
hybrid systems of the floating type. These benefit
from being exposed to the larger wave resources
that occur in deeper waters, along with the po-
tential to harvest better quality winds at those
sites. Furthermore, by sharing the same platform,
hybrid systems have potential to reduce not only
the costs mentioned for co-located systems, but
also capital (CAPEX), and O&M related expenses
due to synergies.

Figure 1: Different types of combined wave-wind
systems, adapted from Ref. [12].

Numerous scientific publications have investi-
gated the integration of wind and wave technolo-
gies. Various studies showed evidence for the im-
proved hydrodynamic stability in hybrid systems
[13, 14, 15]. In Ref. [13], the authors further con-
cluded that with the existing WEC, the total power
production increased considerably when compared
to the Floating Offshore Wind Turbine (FOWT)
alone. Moreover, along with the improved stabil-
ity of the system, the wind turbine power genera-
tion capacity was optimized at both rated operating
conditions and below-rated operating conditions.

3. Methodology
The methodology followed in the work is here

presented. Firstly, an initial design of the hybrid
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