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ABSTRACT 
There is a significant interest in alternative renewable energy sources due to the global increase of 
energy demands and the daily decrease of fossil fuel resources. Biofuel production from microal-
gae can be both sustainable and economically viable. Particularly in the case of algal 
growth in wastewater it is considered as possible to achieve the removal or biotranformation of pol-
lutants from these types of waters and algal biomass production. EnerBioAlgae is project funded 
by the Interreg SUDOE (“Espacio Sudoeste Europeo”) program and led by the University of Vigo, 
Spain which aims to investigate the biofuel production by microalgae grown in several types of 
wastewater. Among the objectives of this project is the development of a system based on spectral 
fluorescence analysis techniques and neural network methods for the continuous monitoring of mi-
croalgae status and the different contaminants in the wastewater. In the first place this monitoring 
system is going to be developed and tested in continuous systems of microalgal cultivation (photo-
bioreactors). In this study we present the objectives of the project. The possible applications of a 
spectral fluorescence analysis system in the monitoring and characterization of wastewater con-
taminants in coastal areas are also discussed. 

INTRODUCTION 
Among the various types of products that can be derived from microalgae (e.g. methane, bio-
hydrogen), biodiesel from microalgae lipids (Spolaore et al., 2006) is considered of great interest 
due to the global increase of energy demands and the daily decrease of fossil fuel resources. This 
idea is not new since Meher et al., (2006) mentions that biodiesel production from algae is known 
for at least three decades. Biofuel production from microalgae can be both sustainable and eco-
nomically viable. 

Briggs (2004) indicates that from 1978 to 1996, the Department of energy of the USA, under the 
National Renewable Energy Laboratory (NREL), known as "aquatic species program", developed 
research to identify the microalgae with high content of oils, which can be cultivated in order to 
produce biodiesel. The results of this program established that some species of microalgae are 
ideal for the production of biodiesel, due to its high oil content (more than 50 per cent) and its rapid 
growth. However, some problems related mainly to the production costs were considered as hard 
to solve.  

To date the knowledge provided by NREL has been the most ambitious in the production of bio-
diesel from microalgae. However, there are currently many countries trying to improve the microal-
gae cultivation techniques in order to make them simpler and more profitable. According to the 
www.oilgae.com portal, the oil production from microalgae is greater than in traditional oil seeds. In 
this respect, the estimates made by the company Bio Fuel System (BFS) indicate that soya, rape-
seed and palm oil produced 50 m3 km-2 year-1, 100 to 140 m3 km-2 year-1, and 610 m3 km-2 year-1, 
respectively; While the micro-algae can produce 10000 to 20000 m3 km-2 year-1. 
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THE PROJECT 
EnerBioAlgae is presented as a structuring initiative covering a subject strategy for the integral de-
velopment of the SUDOE (“Espacio Sudoeste Europeo”) zone and whose purpose is energy per-
formance through interventions of environmental recovery in degraded water areas rich in microal-
gae. The technical, economic and environmental viability will be tested through a pilot project in 
two spaces of the SUDOE territory with great potential for exploitation. The entire process is en-
hanced by the development of specific technologies and their implementation. This ambitious pro-
ject will bring results in the optimization of the process of the biofuel production and at the same 
time will investigate the sustainability of wastewater treatment with microalgae. This includes the 
develop of clean and efficient energy conversion processes which will respond to present and fu-
ture technological and environmental demands. The cultivation of microalgae and their conversion 
into biofuels is a feasible solution to the uncertain future of energy. EnerBioAlgae is a proposal that 
integrates the protection and conservation of the environment, combating climate change, diversifi-
cation energy supply sources and  the development and exploitation of alternative energy sources. 
The work plan of the EnerBioAlgae project involves the following steps:  

1. selection of the water resources (wastewaters) suitable for algal growth and exploration  

2. identification and characterization of the most appropriate strain for these waters  

3. experimental development of a cultivation method of microalgae in laboratory  

4. characterization of the biomass and biofuel processes  

 

 
Figure 1. Water deposit zone in an industrial area (Left) and a wastewater treatment plant (Right) 
located in Galicia (NW Spain). 

In a first stage of the project, photobioreactors were inoculated with several phytoplankton species 
using different types of wastewater and culture medium the University of Vigo, Aveiro University 
and the University of Almería. At the facilities of the University of Vigo tubular photobioreactors 
were designed and used for the indoor culture of the species Chlorella vulgaris and Scenedesmus 
subspicatus (see Figure 2).  
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Figure 2. Photobioreactors for the indoor continuous production of microalgal biomass (Left) and a 
controlled temperature room for experiments in laboratory scale (Right).  

 

SFS AND NN TECHNIQUES AS AN IMPLEMENTATION FOR ON–LINE MONITORING OF THE 
MICROALGAE CULTURES  
SFS (“Spectral Fluoresence Signature”) is the sum of the emission spectra in all the spectra region 
for a sample in different wavelengths of excitation. SFS technique was applied in this project for 
the analysis of the cultured microalgae and water quality using the fluorescence analyser IN-
STAND-SCREENER developed by Laser Diagnostic Instruments AS.  INSTAND-SCREENER 
permits wavelength scanning in two modes, one in UV and another in VIS. In parallel, it permits the 
on-line monitoring and rapid analysis of both water quality and phytoplankton status without prior 
treatment of the sample. Figure 3 gives an example of a spectral signature of the microalgae Chlo-
rella vulgaris and Scenedesmus subspicatus.  

 

      

 

 

 

 

 

 

 

 

Figure 3. Scheme of the detection system based on SFS. The two images on the left respont to the 
fluorescence spectra of the microalgae Chlorella vulgaris and Scenedesmus subspicatus.  

 

Moreover, Instant-Screener allows us to measure different types of oils, polycyclic aromatic hydro-
carbons (PAH), phenolic compounds and all kinds of aromatic compounds (Poyvkina et al., 1997).  

Given to the different types of water and cultivation of microalgae have different spectral signatures 
of fluorescence, it is possible to characterize them developing libraries of classification. Visible ex-
citation mode allows us to obtain information on pigments and organic materials for studies of 
crops (Babichenko et al., 1999) (see Figure 2). The application of neural classification algorithms 
allows us to know the state of growth of the crop, as well as the quality of the water. 
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In this project Multilayer Percepton (MLP) Artificial Neural Networks (ANNs) are going to be devel-
oped in order to follow the growth rates, the state of the microalgal culture and the quality of the 
wastewater used as a medium. An MLP is a feedforward NN that has been widely used in envi-
ronmental sciences, because of its ability to approximate a set of input data to the corresponding 
output data. Unlike other statistical approaches, MLP does not make assumptions about data dis-
tribution and it can model multivariate, complex and nonlinear data.  

An MLP consists of a set of nonlinear computational elements, named neurons or nodes, arranged 
in multiple layers that are interconnected in a feedforward way, so that each neuron of a layer is 
only connected to the nodes of the immediately next layer, but has no connections to neurons in 
the previous layers. Each connection is defined by a set of weight values. Once the MLP architec-
ture is designed, the relationship between the input and the desired output is ultimately dependent 
on the weight values associated to each connection. These values are established by a supervised 
learning technique, using a priori information about the actual output corresponding to a set of in-
put data. 

The development of an MLP network implies three phases: the design of the network, i.e. deciding 
the different characteristics of the algorithm, including inputs and outputs, number of hidden layers 
and the activation function for each layer; the training phase, in which the previously mentioned 
back-propagation learning procedure is used according to a pre-established strategy; and finally 
the validation phase, in which the performance of the trained MLP is evaluated using a set of pa-
rameters. The use of neural networks is an increasing use in the classification of optical parame-
ters from data of radiometers, allowing model operationally complex algorithms hardly implementa-
tion-tables in another way. Currently algorithms to the study of this type of waters using remote 
sensing are based on this kind of neural network (e.g. González Vilas et al., 2011), trained and val-
idated with in situ data (e.g. Spyrakos et al., 2011). 

CONCLUSIONS 
The growth of energy demand and the need to preserve the environment and ensure sustainable 
development, is forcing the research of new energy renewable sources. The use of microalgae as 
a source of energy via biomass or by conversion into biofuels represents an excellent prospect for 
the future with competitive advantages. Although the number of experiences and projects is in-
creasing the progress in the research is slow. This prevail the need for further scientific work ori-
ented to the development of more efficient technology. Getting the maximum energy production 
efficiency on an industrial scale, requires more investment in research applied to various fields of 
technology and supported by pilot experiences with demonstrative character. EnerBioAlgae re-
sponds to these needs at the time that contributes to environmental improving the quality of pollut-
ed water. The use of new techniques of analysis in continuous as the one presented in this work 
with the FSS system combined with neural classification algorithms allows us to make progress in 
the techniques of instrumentation and analysis in this field.  
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