
 

 

 
Abstract— Traditional fossil fuels stocks are limited so are 

considered “non-renewable” whereas bio-fuels are “renewable” 
sources. Nowadays, the possibility of converting fuel oil into natural 
gas fired power plants has risen due to a global concern about the 
“greenhouse effect”. On the one hand, the main advantages are that 
the acidic emissions are almost annulled while monetary incentives 
were introduced into particular statutory regulation schemes. On the 
other hand, disadvantages are mainly the high traces of ashes that gas 
matrix contains, causing the exhaust gases strong abrasive scratches 
over hot surfaces. A particular gas derived from biomass obtained in 
fluidized beds has been revealed as a credible option. First of all, a 
full theoretical evaluation of the global efficiency associated to a 
power plant of reference depending on the fuel burned has been 
performed and improved significantly with the proper determination 
of the so called “difficult evaluation losses term”, demonstrating the 
suitability of fuel replacement in terms of efficiency. The main 
contribution corresponds to a CFD study, validated through the 
results provided by a scaled experimental facility, fully monitored, in 
order to compare the environmental impact of two of these fuels, 
justifying its use for further characterizations of other fuels prior to 
its full implementation. 
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I. INTRODUCTION 

OSSIL fuels stocks are limited and are considered non-
renewable sources. From the decade of the 90´s, the 

possibility of converting fuel oil (FO) fired power plant into 
natural gas (NG) has been raised 1, 2, due mainly to the 
significant increasing in the global concern about the 
“greenhouse effect”. 

Natural gas expectations as fuel replacement in some 
sectors are suffering a substantial increase but the most 

 
This work was supported in part by the University of the Basque Country 

under special project OPCOFLUID 2012-2015. 
J. M. Blanco is with the Department of Nuclear Engineering and Fluid 

Mechanics, School of Engineering, University of the Basque Country, Bilbao, 
SPAIN (corresponding author phone: +34946014250; fax: +34946014043; e-
mail: jesusmaria.blanco@ehu.es). 

L. Remaki, is with BCAM, Basque Center for Applied Mathematics, 
Bilbao, SPAIN (e-mail: lremaki@bcamath.org). 

F. Peña is collaborating with the Department of Nuclear Engineering and 
Fluid Mechanics, School of engineering, University of the Basque Country, 
Bilbao, SPAIN (e-mail: fpfbg@telefonica.net). 

important fact is that recent increases in crude oil prices have 
brought alternative fuels into the energy scenario. Figure 1 
shows the Gross Consumption of Natural Gas by the 
Organization for Economic Co-operation and Development 
(OECD). Source monthly gas survey 2015 IEA Statistics. 
 

 
Fig. 1 Gross Consumption of Natural Gas by OECD Region. 

General Electric, Pratt & Whitney, and other gas turbine 
manufacturers, have been testing these fuels in their machines 
for a long time 3, 4. Today, bio-fuels have an additional 
attraction as they are considered “renewable sources” which is 
a strong argument for the success of their implementation 5, 
6. Note that special attention has to be paid to technical and 
operational challenges have to be taken into account regarding 
any fuel replacement issues 7. 

Gas derived from biomass (BG) obtained in fluidized beds 
has been revealed as a credible option. There is an important 
source of biomass called “Miscanthus giganteus” for the 
production of energy either for direct combustion or through 
cellulosic ethanol as has been treated here. The gas matrix 
contains high traces of ashes 8, which are crucial to be 
eliminated, otherwise the gas would not be suitable for 
burning in gas turbines due to the enormous abrasive action of 
the exhaust gases caused by the high temperature (around 
800ºC) combined with a high speed around the blades as 
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