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Abstract 
This project is concerned with the development of an 

optical fibre real-time sensor for accurate measurement 

of ethanol concentration during its evolution by algae 

in an Industrial Bio-Reactor. It is necessary to precisely 

determine the concentration in the proprietary chemical 

process for biofuel production so as to allow the end 

users to optimize parameters and hence effectiveness of 

their process. In the proposed investigation it is 

intended to utilise optical fibres to directly measure the 

small changes in refractive index of the reactant as well 

as its spectral transmission both of which will be made 

on-line and with minimal intrusion to the reaction 

vessel. 
 

1. Introduction 

 

     Due to rapid growth in population and industrial 

advancement, demand for biofuels is increasing 

constantly. Bio fuel processing industries need certain 

standards to produce the required amount of bio fuels. 

Bio ethanol is a key alternative energy for 

transportation globally and its production from algae 

has been a key area for researchers in recent years. To 

cope with the requirements for better evolution of bio 

ethanol from algae in a bio reactor, it is essential to 

determine concentration in the chemical process in a 

fast and accurate manner (preferably real time or near 

real time). An initial search into the available scientific 

literature has revealed that no commercial sensors 

currently exist that would allow the ethanol 

concentration measurement to made on-line. Currently, 

the most reliable methods for performing this include 

FTIR, gas chromatography, and IR or enzymatic 

methods which are all accurate but involve the use of 

high cost instrumentation which is often non portable. 

Calibration curves showed linearity with sensitive 

methodology in the range 0.02-5.0 mg.ml-1 in whole 

blood for example [1] but these methods are time 

consuming, require preparation and do not allow real-

time monitoring of the process.  

    Various optical fibre techniques are also being used 

to measure the concentration of ethanol in ethanol-

water blend and ethanol-gasoline blend. However, 

previous work undertaken within OFSRC by Fabian et 

al [2] has shown that a meander shaped optical fibre 

sensor utilizing evanescent wave principle is applicable 

for determining single percentage range alcohol 

concentration in water. The challenge in the proposed 

programme is to introduce a similar sensor but one 

which has to be able to tolerate working in an optically 

dense (in the visible range) medium as well as be 

immune to external interfering parameters such as 

scattering particles and other chemical species, 

particularly process associated volatile non ethanol 

components.   
 

2. Methodology 
 

The principle of operation of the proposed sensor 

relies on the attenuation of the light signal through the 

evanescent wave [3] interaction with the medium which 

is the chemical reactant being investigated. The primary 

advantage associated with this method is that there is no 

need to introduce a break into the optical fibre as the 

interaction takes place at the external surface of the 

fibre where it makes contact with the chemical reactant. 

An optical fibre based sensor design that allows the 

above to be achieved is shown schematically in Figure 

1 below. 

 
Figure 1. Evanescent Wave Principle 
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