


L. Roca et al. / Desalination 222 (2008) 466–473 467

flow to avoid high levels of concentrated brine,
seawater pretreatment or inlet water temperature
to avoid scale formation. On the other hand, multi-
effect plants does not require so many constraints
as multi-stage flash technique, so controller design
to maximize efficiency can be developed. 

AQUASOL project (“Enhanced Zero Discharge
Seawater Desalination using Hybrid Solar Tech-
nology”), financed by CIEMAT (National Lab of
the Education and Science Spanish Ministry) is a
technical development in desalination that com-
bines a thermal desalination system and a solar
field with a double effect absorption heat pump
to reduce the cost of water production. Preliminary
studies in AQUASOL system show the necessity
to focus initially the control on the solar field
coupled to the multi-effect plant in order to main-
tain the thermal power source. For this reason, a
feedback linearization based technique control
system has been developed to reach a desired
behavior in solar field outlet temperature. 

This paper is organized as follows: first
AQUASOL plant and its Supervisory Control
And Data Acquisition (SCADA) will be briefly
explained in section 2 and the control problem-
atic in section 3. Solar field model that will be
used in the main control system design will be
shown in section 4, while control implementation
with simulation results in section 5. Finally, con-
clusions will be summarized in section 6. 

2. System description 

The AQUASOL system of Plataforma Solar
de Almería located in the southern of Spain
(Fig. 1), proposes a solar distillation technology
based on a multi-effect distillation (MED) plant
with 3 m3/h nominal distillate production. The
MED plant (Fig. 2) consists of 14 effects in ver-
tical arrangement at decreasing pressures from
cell 1 to cell 14 [5]. Seawater is preheated and
pumped to the first cell where it goes down to
the following cells by gravity at the same time
that part of the water is evaporated. For optimal

operation, the feed-water inlet temperature in the
first cell must be 66.5°C. It is possible to reach
this temperature with heat from a solar field and
also by steam generated by an auxiliary gas
boiler coupled to a double effect absorption heat
pump, DEAHP (LiBr-H2O), that can work at
variable loads of the steam (from 30% to 100%).
Solar collector field consists of a compound par-
abolic concentrator (CPC) collectors (Fig. 3)
coupled to two water storage tanks, 12 m3 capac-
ity each one, used as heat storage system. Energy
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Fig. 1. AQUASOL scheme. 

Fig. 2. Multi-effect plant. 
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Another simplification is the use of non-
temperature dependence in water properties in
order to reduce as much as possible outlet tempera-
ture model. Specifically and due to the operating
temperature range, fluid properties in model
correspond at 65°C. 

Variables I, Ta, Tin and mF are measured with
sensors placed in solar field. It is important to
notice that between the inlet solar field tempera-
ture sensor and the inlet pipe of a group of nine
collectors exists a transport delay, dtin that varies
depending on the fluid velocity, v(t) and using
the distance, l1, that the fluid has to cover to reach
the CPC tube as Normey [8] explains: 

(3)

To obtain the outlet solar field temperature
(To) it must be considered another delay in the
outlet group of nine collectors temperature (T�)
that depends on the inlet mass flow in the same
way as in the inlet solar field temperature, but
taking into account the pipe length, l2, from the
outlet of the group of nine collectors1 and the
position of the outlet temperature sensor. 

To = T �(t Š dto) 

5. First results maximizing thermal Power 

Nonlinearities present in solar field system
can be faced for control purposes by linearizing
the model around an operation point, so a linear
control can be applied. But, due to the high range
of operation points in which solar field works
during the whole day, an alternative solution with
a feedback linearization control has been taken.
The general idea of feedback linearization tech-
nique is the use of a linear control but transforming
the nonlinear system into linear one cancelling

nonlinearities with the feedback loop as it is
explained in Slotine and Li [9]. 

The block structure applied to reach the desired
outlet solar field temperature is represented in
Fig. 8. 

Feedback linearization control has a PI (pro-
portional integral) implementation as the linear
control and a mapping based on the solar field
model explained in section 4. Disturbances are
taken into account inside mapping structure. 

On the other hand, Fig. 9 shows the same
scheme as in the temperature control but including
a power optimization function in order to maxi-
mize the power delivered from the solar field to
the storage system. The reference in this case is
calculated by the optimization function while
feedback linearization control works as in the
previous case. Because of the inlet flow-outlet
temperature dependence, the optimal control

1l1 and l2 lengths depend on the group of nine collectors
selected. 
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