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ABSTRACT 

The energy security and reduction of carbon emissions have accelerated the R&D of the       

alternative fuels in the transport, heating and power generation sectors in last decade. Earlier works 

where these fuels have been used in gas turbines are studied and conclusions are drawn from this. 

Several issues concerning combustion and emissions with respect to gas turbines are reviewed. The 

gas turbine fuel consumption regarding alternative fuels is presented and a market research of prices 

of the alternative fuels is performed. The specific sustainability demands of both the Swedish Energy 

Agency and E.ON are discussed. The results show that BDF can be technically a promising 

alternative fuel for land-based, marine based and aero-space-based gas turbine engines, however it is 

very expensive compared with conventional fuels. 
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1. INTRODUCTION 

Biofuels are fuels of biological origin, i.e., not fossil. They are produced from plants such as corn, 

soy, sugar cane, castor beans, sugar beet, palm oil, canola, babassu oil, hemp, among others. Organic 

waste can also be used for the production of biofuel. The main biofuels are 

ethanol (produced from sugar cane and corn), biogas (biomass), bio-ethanol, biodiesel (from palm oil 

or soy), among others.Biofuels can be used on vehicles (cars, trucks, tractors, etc.), turbines, boilers, 

etc.., in whole or blended with fossil fuels. In Brazil, for example, soy biodiesel is blended with fossil 

diesel. Is also added to gasoline the ethanol produced from sugar cane. The advantage of using 

biofuels is the significant reduction of greenhouse gas emissions. It is also advantageous because it is 

a renewable source of energy instead of fossil fuels (diesel, gasoline, kerosene, coal) 
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Gaseous fuels can be obtained by gasification of biomass, which in addition to the gas 

generates a set of substances, such as tar which is a compound in gaseous form in the fuel gas, which 

has an appreciable calorific value, although it shows a tar obstacle to the use of gaseous fuels in 

internal combustion engines, due to its high corrosive power of components and reduced engine 

efficiency. Global energy consumption is rapidly increasing due to the strong demand in developing 

countries. The annual increasing ratio reached 2.3 % in 2013. Today, fossil oil is the most dominant 

energy source making up 32.9 % of total global energy consumption (BP, 2014). However, the 

continuous long-term use of fossil oil may cause some serious issues such as global warming and the 

cost increase in the energy system. Moreover, fossil energy resources are regionally concentrated. 

According to the statistics, the supply is mostly dominated by the Middle Eastern countries, Russia, 

the United States and China. Of these, the United States and China not only supply a large amount of 

energy, but also consume a large amount as well. The disturbance reserve could be used for example 

in case of loss of a major power plant. They could also be utilized for black start of larger power 

plant, or as peak load source on extremely cold days at winter, i.e. when he electricity system is 

experiencing disturbance in frequency, voltage or transmission. The gas turbines in the disturbance 

reserve is today used very rarely, the most efficient one runs from 10 to 50 hours at peak load per 

year, the rest of the gas turbines average about 2 to 50 hours per year. This is dependent on many 

factors e.g. availability of nuclear power, low outdoor temperature, water level in reservoirs. This is 

an important observation in the following thesis. The concerns of environmental impacts and energy 

security have led the R&D of alternative energy sources such as biofuels, solar and wind energy.  

Biofuels have attracted huge attention in different countries due to their renewability and 

environmental benefits. Biofuels include bio-alcohols, biodiesel, biomass and other biomass derived 

fuels. Biodiesel is one of the most popular biofuels being used in the transport sector. Many studies 

have shown that the characteristics of biodiesel is very close to diesel fuel and can be used in diesel 

engine with little or no modification. Moreover, the combustion of biodiesels shown a reduction in 

smoke opacity, particulate matter (PM), hydrocarbons and carbon monoxide emissions in the exhaust 

gas compared with diesel fuel[8]. Thus, the results showed significant reduction of smoke and gases 

emissions with biodiesel blends and the optimum ratios for biodiesel/diesel were 20/80 and 30/70. 

One of the main drawbacks of biodiesel is the cost and sustainability. The use of waste cooking oils is 

one way to reduce the cost of biodiesel and utilize the waste. There are substantial researches on the 

applications of biodiesel on diesel engines but the studies on the applications of biodiesel on gas 

turbine engines are limited. This paper will assess and compare the environmental impact of waste 
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cooking oil methyl ester (WME) and kerosene using a radial swirler industrial low NOx gas turbine 

combustor under atmospheric pressure and 600K preheated air. 

2. LITERATURE SURVEY 

Biodiesel sources: In the last century petroleum fuel have been playing an important role in 

transportation, industrial growth with agricultural and energy sector. Depletion of fossil fuels and 

increasing concerns of environmental impacts have led scientists to identify alternative fuel sources. 

Biofuels such as biodiesel have attracted more and more attentions recently and become alternative 

fuels to liquid fossil fuels due to its renewability and its environmental benefits. Biodiesel is one of 

the best available sources and promising alternative fuels to liquid fossil fuel. Biodiesel can be made 

from alcohol and vegetable oils or animal fats which are both agriculturally derived products. 

Biodiesel is biodegradable and nontoxic and defined as the monoalkyl esters of long chain fatty acids 

derived from renewable feed stocks like vegetable oils or animal fats. Although there are over 

350species of oil producing plants, only a few can potentially be used for biodiesel productions such 

as rapeseed, sunflower, soybean and oil palm.  gives the fractions of commonly used oil crops 

worldwide in terms of annual oil yield equal to each other to evaluate the difference of emission at 

the same operating condition of the gas turbine. Figures 10 and 11 present the exit temperature 

distributions of diesel and BDF combustion tests, showing that the exit temperature distributions are 

fairly similar to each other.  

The concerns of environmental impacts and energy security have led the R&D of alternative energy 

sources such as biofuels, solar and wind energy. Biofuels have attracted huge attention in different 

countries due to their renewability and environmental benefits. Biofuels include bio-alcohols, 

biodiesel, biomass and other biomass derived fuels. Biodiesel is one of the most popular biofuels 

being used in the transport sector. Many studies have shown that the characteristics of biodiesel is 

very close to diesel fuel and can be used in diesel engine with little or no modification. Moreover, the 

combustion of biodiesels shown a reduction in smoke opacity, particulate matter (PM), hydrocarbons 

and carbon monoxide emissions in the exhaust gas compared with diesel fuel. Thus, the results 

showed significant reduction of smoke and gases emissions with biodiesel blends and the optimum 

ratios for biodiesel/diesel. One of the main drawbacks of biodiesel is the cost and sustainability. The 

use of waste cooking oils is one way to reduce the cost of biodiesel and utilise the waste.There are 

substantial researches on the applications of biodiesel on diesel engines but the studies on the 
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applications of biodiesel on gas turbine engines are limited. This paper will assess and compare the 

environmental impact of waste cooking oil methyl ester (WME) and kerosene using a radial swirled 

industrial low NOx gas turbine combustor under atmospheric pressure and 600K preheated air. 

 

 

 

 

 

 

”The evaporation of drops in a spray involves simultaneous heat and mass transfer process in which 

the heat for evaporation is transferred to the drop surface by conduction and convection from the 

surrounding hot gas, and vapor is transferred by convection and diffusion back into the gas stream” 

3. EXPERIMENTAL METHODS 

To perform the experimental tests were used blends biodiesel/diesel, including the total 

replacement of diesel with biodiesel in the gas turbine. The blends considered in the experiment were: 

B10, B20, B30, B50 and B100. Due to low solubility in diesel fuel at low temperature tests with 

ethanol were performed without pre-mix, and also without the use of additives, which enhance the 

cost of fuel.4. Cycles with potential for use of biofuels.A gas turbine is a set of three components: the 

compressor, combustion chamber and the turbine itself. This configuration forms a gas 

thermodynamic cycle accordance with the model ideal Brayton cycle is called. This set can operate in 

an open cycle, with air as the working fluid, which is admitted to the atmospheric pressure, passes 

through the turbine and is discharged back into the atmosphere without returning to the admission. 

Thus, despite being an open cycle, some energy from the combustion is rejected in the form of heat 

contained in hot exhaust gases. The heat rejection is a physical limit of the gas turbine, intrinsic to the 

operation of thermodynamic cycles, even in ideal cases. 

The loss of condition ideal cycle in a gas turbine can be quantified by the ratio involving the 

calorific value of fuel, discounting the power to drive the compressor and power net. Thus,decreasing 
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the losses as it reduces the exhaust temperature, and raises the temperature of turbine inlet. The 

resistance to high temperature components of gas turbine is a very critical point in building 

technology such equipment (COHEN, H. et. al., 1996).Turbines designed to operate in simple cycle, 

in view of the thermal efficiency of the cycle, have gas outlet temperature reduced to maximum and 

have optimized compression ratio. The compression ratio is the ratio between the pressure of air 

entering and exiting the compressor. For example, if air enters at 1.0 atm, and leaves the compressor 

at 15.0 atm, the compression ratio is 15.1 

Apart from variation of the simple cycle obtained by the addition of these other components, 

considerations must be given to two system distinguished by the use of open and close cycles 

Publications on experiments with biofuels in gas turbines are not yet sufficient to make definitive 

conclusions in terms of emissions. However, it is observed that the CO decreases with increasing 

load. The opposite happens with the NOX emissions. It is also provided a reduction in the emission of 

smoke, along with the increase in the emission of NOX. 

The emission results shown in the following are results of experiments with three different 

biofuels: Soy biodiesel, palm oil biodiesel and ethanol achieved in the laboratory of UNIFEI.For 

perform the tests in the gas turbine was built a test bench in the laboratory of gas turbines and 

gasification of the Institute of Mechanical Engineering,. This bench is made of a micro-turbine 

Capstone C30 model cycle with regenerative power of 30 kW, configured to operate with liquid fuel. 

Fuel preparation and injection: Kerosene was stored in a 200 litre barrel whereas WME and 

blends were stored in a 40 litre tank. They were pumped from the barrel or tank and delivered to 

injection fuel points after passing through rotameters for measuring fuel flow. Two rotameters were 

used with different measurement ranges. These two rotameters were calibrated for kerosene, WME 

and blends respectively as the density for these liquid fuels are different and thus the mass flow is 

different for the same indicated readings 

RESULTS AND DISCUSSIONS: 

 UHC, CO & NOx Emissions: All emissions results are corrected to 15%oxygen and plotted as a 

function of the equivalence ratio for 600K inlet temperature and Mach number of 0.017. The 

influence of equivalence ratio and fuel type on gaseous emissions of, UHC, CO and NOx are shown 

from. Comparison between pure biodiesel (B100), Kerosene and blends (B20, B50) fuels regarding 

UHC. In this study, UHC, CO and NOx emissions are evaluated in ppm in the exhaust gas. The 

UHC emissions for all fuels were reduced as the primary zone was operated richer. Generally, pure 
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biodiesel and blend fuels (B20&B50) had slightly lower UHC emissions than kerosene in all 

operating conditions. However, kerosene fuel had a higher UHC than biodiesel and biodiesel blend 

fuels in lean conditions (Ф< 0.6). Moreover, the results showed that B20 had a big impact on UHC 

emissions in all conditions. The reduction of biodiesel UHC emissions is due the fact that biodiesel 

has long carbon chains and the absence of aromatic content make cetane number higher than fossil 

fuels which prompt the combustion. Generally, the emissions of UHC for all types of fuels are low 

which indicated that the atomization of liquid fuels was good. 

Comparison among B20, B50, B100 and Kerosene fuels with regard CO at Mach number 

0.017 and air inlet temperature 600K . The CO emissions for all fuels were reduced markedly as the 

primary zone was operating leaner. The range of CO emissions were almost (330-630ppm) in all 

type of fuels operating leaner than Ф=0.53. However, the CO emissions for kerosene fuel was about 

2.5 times those for B20 and about 5times those for B100 and B20 of the mixture richer than 

0.55.whereas the lowest CO emissions around 450ppm was recorded with B100 for equivalence ratio 

Ф=0.48. The behaviour of CO & UHC emissions of biodiesel and blend fuels in gas turbine engine 

is in an agreements with previous studies in diesel engines. 

Thus, characteristics of CO emissions for pure biodiesel, B50 and kerosene are similar at 

Ф=0.48.The CO results indicated that complete combustion was achieved with biodiesel and 

biodiesel blend fuels which has higher oxygen content than kerosene. the most active policy category 

is prevention, which could take the form of sulfur scrubbers in the case of acid rain, abandonment of 

the use of chlorofluorocarbons and other potential ozone-reducing gases (particularly those that also 

enhance global warming), reduction in the amount of fossil fuel used around the world or fossil fuel 

switching from more CO2- and SO2-producing coal to cleaner, less polluting methane fuels. 

Prevention policies, often advocated by environmentalists, are controversial because they involve, in 

some cases, substantial immediate investments as insurance against the possibility of large future 

environmental change, change whose details cannot be predicted precisely. The sorts of preventive 

policies that could be considered are increasing the efficiency of energy production and end use, the 

development of alternative energy systems that are not fossil fuel-based, or, in a far-reaching 

proposal: a "law of the air" proposed by Kellogg and Mead. They suggest that various nations would 

be assigned polluting rights to keep CO2 emissions below some agreed global standard. A "Law of 

the Atmosphere" was recently endorsed in the report of a major international meeting. 
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CONCLUSION 

With increasing industrial development there is the necessity for more refined research on the 

use of biofuels in gas turbines, covering aspects such as quality of biofuel to be used form and storage 

conditions, adjustments in the systems of engines, costs of energy generated in order to maintain high 

operational reliability of the turbines. 

A gas turbine can operate with different types or blends of biofuels with a corrected power 

loss at around 4.26%, and the corrected heat rate of 8.38% higher than diesel fuel, The thermal 

performance tests showed that biodiesel has higher specific consumption than diesel. The reason for 

that is the lower heat value of the pure biodiesel in comparison with diesel fuels. Agreeing with the 

findings of other researchers cited in this work, and verified in tests with biofuels the fuel that 

presented the smallest difference in terms of heat rate in relation to diesel was the palm oil biodiesel, 

with a difference of about 17.6 % at full load and less than 1.0 % at medium load.This study was to 

understand how the addition of biofuels in Jet A affected the performance and emissions of small-

scale gas turbine. No modifications were made to the engine.SME, CME, RRME, and hog-fat biofuel 

were blended 50% by volume with Jet A (B50) or tested pure (B100), and the performance and 

emissions were compared with Jet A values. 

The process of atomization is mainly a way to overcome the surface tension of the liquid which 

can be achieved both by internal and external forces Without any external forces the surface tension 

pulls the liquid into the shape of a sphere which is the lowest state of energy regarding surface 

tension. 

 

To exert the forces on the liquid, one method is to pump it with high pressure through orifices of the 

fuel nozzle. The higher the pressure difference over the nozzle, 
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