
Compressed air energy storage integrated with floating photovoltaic
plant

R. Cazzanigaa, M. Cicua, M. Rosa-Clota, P. Rosa-Clota, G.M. Tinab,*, C. Venturab

aKoiné Multimediasrl, Italy
bDIEEI - University of Catania, Italy

A R T I C L E I N F O

Article history:
Received 29 March 2017
Received in revised form 10 June 2017
Accepted 11 June 2017
Available online 29 June 2017

Keywords:
Floating PV
CAES
Energy storage

A B S T R A C T

Floating photovoltaic (FPV) systems are an emerging technology suitable for large plants, especially, on
fresh water basins. We suggest integrating a CAES system to FPV using the pipes, necessary for the
buoyancy of the modular raft structure, as a compressed air reservoir. The huge basin thermal inertia
allows for an isothermal compression– expansion cycle, which promises high storage efficiency.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Most renewable energy technologies require the use of large
land areas in order to generate electricity. The impact on areas used
for agricultural purposes varies according to the technology.

Specifically, for photovoltaic (PV) systems, large surface areas
are needed because of the low density power of solar energy. For
medium and large size power plants, the demand for large
installation surfaces can be met with land-based PV plants but
using vast tracts of land for solar farms will increase competition
for land resources. In this regard, two possible solutions can be
investigated: 1) using the concept of agrivoltaics or co-developing
the same area of land for both solar PV power and conventional
agriculture [1] and 2) intensifying the research in the use of PVs on
[2,3], (see Fig. 1) or under [4] (see Fig. 2) water surfaces (e.g. lakes,
artificial basins, sea). The two water solutions are named floating
and submerged.

There are many ways to classify such systems according, for
example, to: size, mooring, PV technology, the presence of tracking
or not, and so on. Regarding the used of PV modules we can have:
flat and rigid PV modules (mainly Si crystalline made) [5,6] or thin-
film flexible floating PV (T3F-PV) array [7,8].

A critical issue in using PV systems is related to the variability
and limited control of its production that can be solved by using a
suitable storage system. In [9] and [10] a literature review and a
sensitivity analysis of the recent developments and future scenario

and trends pertaining to Grid-Connected renewable systems [9]
and PV Systems [10], in European countries with high penetration
of distributed generation, we see that storage systems are used not
only to reduce the inadvertent stress on the electricity grid, but
also to allow renewable systems to provide ancillary services to the
regional or national grid.

The main storage technology used for both stand-alone and
grid-connected PV systems is based on batteries, but others
solutions such as water/seawater pumped storage, [10] and
compressed air energy storage [11] can be considered since from
the life cycle assessment used to compare ESSs (Energy Storage
System) of different nature reported in [12] it emerges that the
traditional CAES (Compressed Air Energy Storage) and PHS
(Pumped Hydro Storage) have the highest ESOI indices �
respectively 240 and 210. (ESOI refers to the total amount of
energy stored over the lifetime of a storage technology unit,
divided by the amount of energy used in producing that unit, i.e.
kWh/kWh) Among the batteries Li-ion has the highest ESOI, that is
10, evidently much lower than CAES and PHS.

In this paper, we consider the structure of the floating plant
built with modular rafts supporting the PV panels, which,
assembled, constitute the PV floating platform [3]. Rafts for FPV
plants may also use pontoons (a flotation device with buoyancy
sufficient to float itself as well as a heavy load), drums, or extruded
plastic blocks, so the term “pontoon” is very often used [2]; in this
paper as the tubes of pontoon are used to store air, hereinafter we
will use the term “pontoon”.

The pipes necessary for the pontoon buoyancy are normally in
polyethylene or in some light cheap material, but we suggest using
steel and using the pipes themselves as cylinders to store
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compressed air. We propose using the CAES technology and
exploiting the isothermal approach by profiting from the large
thermal inertia of the water basin where the floating plant is
located (the nomenclature is reported in Table 1).

2. CAES versus battery storage

A battery storage system can easily be installed on the platform.
Batteries are standard systems that work perfectly and are fully
developed on an industrial scale. However, they are costly and have
a limited lifetime as well as problems of waste disposal or recycling
at the end of their life cycle. Therefore other methods, such CAES
systems, are preferable and very promising.

Several studies exist comparing batteries cost versus other
technologies. We do not want to enter into this dispute so we quote
a study from Sandia National Laboratories of a few years ago [13]
(see Table 2) where a general comparison is given, limiting our
attention to energy storage systems whose storage duration can
range from a few hours to several days and more.

Although the cost of CAES energy storage is very low, a real
estimate of costs should be made based on an experimental
development and a long test period, which are not available at
present.

We only want to stress that, in our case, the air compressed
reservoir is an integral part of our platform, so that its cost should
be only partially charged to the storage system: the increase in cost
due to the use of steel pipes rather than HDPE (High Density

Polyethylene) pipes is estimated at $1000 per pontoon, to which
we must add the costs of the compressor and pneumatic and/or
hydraulic system. At the present status of the research we cannot
give a reliable estimate of the real final price.

CAES is widely discussed in the literature and it is an approach
which appears to be suitable for large and medium storage [14],
with several possible solutions than can be classified according to
their thermodynamic properties [15]:

1. Isothermal CAES (ICAES) which has the constraint to be a low
speed process and which needs a large surface in order to
exchange heat efficiently with an external thermal bath [16]

2. Adiabatic CAES (ACAES), which implies large and insulated high
pressure reservoir. Adiabatic CAES can in turn work with or
without a thermal energy storage (TES) [10]

3. Mixed approaches where the drop in temperature during the
adiabatic expansion is partially compensated by a thermal
exchange with external sources or even supported by the use of
fossil fuel to better exploit the compression-expansion process
[17] or an Isobaric Adiabatic Compressed Air Energy Storage (IA-
CAES) system is used [18]

3. Isothermal compressed air energy storage (ICAES)

In this paper we focus on ICAES and study the possibility of
using the floating pipes of the pontoons, which are the basic
elements of the floating system, as a reservoir for high pressure air.

The full process can be summarized in the block scheme given
in Fig. 3 where the flux of electric energy is highlighted by red lines
and the air flux by white arrows.

Fig. 1. Raft structure for a floating PV plant.

Fig. 2. Submerged PV plant.

Table 1
Nomenclature.

Symbol Unit Description

Cv J/(mol K) Molar specific heat at constant volume
De,P m External diameter of a pipe
Di,P m Internal diameter of a pipe
EPV,R kWh Daily PV energy in a raft
Estor kWh Stored energy in the raft
FB N Buoyancy force
FB,MAX N Max buoyancy force
Lcomp kWh Compression work
LP m Length of a pipe
ma kg Mass of air
mair,R kg Mass of the compressed air in the pipes
mP,R kg Mass of pipes
mPV,R kg Mass of the PV system and carpentry
mT,R kg Mass of the floating system
n Number of moles
NPV,R – Number of PV modules in a raft
Pp,f Pa Final pressure inside the pipes
Pp,i Pa Initial pressure inside the pipes
PPV,R kWp Peak power of PV array in a raft
R J mol-1 K-1 Ideal gas constant
Tca,i K Initial temperature compressed air inside the pipes
Tca,f K Final temperature compressed air inside the pipes
tcomp s Compression time
Ve,R m3 External volume of pipes
Vi,R m3 Internal volume of pipes in the pontoon
VTP m3 Total volume (tank and pipes)
Wair,R N Weight of the compressed air in the pipes
WP,R N Weight of pipes
WPV,R N Weight of the PV system and carpentry
WT,R N Weight of the floating system
DTw �C Temperature drop of the water of the basin
l W/mK Thermal conductivity of steel
uB � Buoyancy angle
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