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Resume

Bio Fuels are considered as good alternatives for conventional fossil fuels.
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1 Introduction

Use of biofuels has played a vital role in
transformation of global economy towards sustainable
and renewable resources [1-23]. Along with electric
vehicles, these fuels can help to move away from using
traditional oil resources [23-35]. Liquid biofuels provide
bright future scope for the road, shipping and aviation-
based industries. These fuels face challenges on fields
of technological innovations, supply chain, market and
policy making. The costs of production for biofuels have
been estimated to about USD 0.60-1.10 per litre by the
year 2045. However, various innovations may reduce this
by up to a third over coming period. These fuels have
a potential to reduce greenhouse gas (GHG) emissions
by 60 - 95% [36]. Figure 1 shows economic comparisons
of biofuels with fossil fuels over the period of 2015-2045.
Diesel and gasoline substitute fuels have highest costs.

2 Background

The most well-known first-generation biofuel
additive is ethanol, that is produced from fermentation

of sugar extracted from starch. Global production of bio-
ethanol in the year 2006 was about 51 billion litres [37].
China and India contributed about 11% to it. Various
raw materials for ethanol, include feedstock like cane,
corn, starch and other sugars. Table 1 compares various
merits and demerits of first-generation biofuels.

The second-generation biofuels are produced from
lignocellulosic biomass, enabling the use of lower-cost,
non-edible feedstocks. These biofuels can be further
classified as: biochemical or thermochemical. Ethanol or
butanol-based fuels are made via biochemical processing,
while all the other are made by thermochemical
processing. The second-generation includes methanol,
Fischer-Tropsch liquids (FTL), dimethyl ether (DME),
green diesel and pyrolysis oils. Table 2 presents
a summary of the secondary biofuels, their applications
and properties.

Ethanol based biofuels have a higher latent heat
of evaporation and thus a poorer cold start ability in
winter [38]. Damage and driveability issues occur for
vehicles operating on ethanol blends. Use of biodiesel
needs much lesser engine modifications as compared to
use of bio gasoline blends [38]. For some vehicles, rubber
seals in the fuel lines may require replacement with
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Figure 1 Current and projected production charges of fossil fuel and biofuels [36]

Table 1 Summary of comparisons of primary biofuels [37]

Merits

Disadvantages

Easily available feed stocks.
Simpler production methods.

Variable production capacities.

Feed stocks compete with food stocks.
Higher costs of feedstock.

Modest reductions in greenhouse emissions.

Table 2 Summary of applications of secondary biofuels products

Product Description Application and product Blending limits
replacement
Methanol Single carbon atom alcohol May be used with gasoline May be converted to
with energy density 50 % as methyl tert-butyl ether as dimethyl ether (DME) as
lower as compared to a Transportation fuel replacement.
gasoline
Fischer-Tropsch Paraffinic hydrocarbons May be mixed with gasoline, Fischer-Tropsch kerosene is
fuels similar to diesel. diesel or jet fuels mixed for maximum ratio of
50% with jet fuel.
FAME biodiesel Fatty acid methyl ester May be mixed with diesel for Up to 7% FAME mixed with
(FAME) use in transportation. diesel as per euro EN 590.
Butanol Four carbon alcohol having  May be mixed with gasoline  Up to 16 % butanol mixed
density similar to gasoline. or diesel as transportation. with gasoline as per US
standard -ASDMD 4814.
Synthetic Hydrocarbon fuel Mixed with jet fuel for ASTM certification needed

aromatic fuel

containing aromatic

aviation use.

compounds.

non-rubber products. Biodiesel becomes thick during the
cold weather. It may cause issues during starting. Fuel
heating system or using biodegradable additives may be
a good alternative. The use of multiple injections with an
increased pressure reduces the NOx emissions [38-39].

The heating of biodiesel decreases viscosity making
them suitable for diesel engines [39-41]. There is
a decrease in unburned hydrocarbon, carbon monoxide
and BSFC and an increase in thermal efficiency.

Engine wear by using the biodiesel has been
found to be lesser than that of the petroleum diesel.
Deposits and clogging are due to oxidization of low-
quality biofuels.

Pollution in engine exhaust is much lesser due to its
higher oxygen content.

Depending on the type of engine, the components
of engine coming in contact with biodiesel can be made
from compatible materials. Oil leakage to crankcase has
an impact on engine durability and longevity. Impacts
on injectors, filters and other system components
can deteriorate engine performance. Emission after
treatment systems, like catalysts and particulate filters,
can be affected by biodiesel fuels.

3 Biofuels as an alternative for GCC region [42]
Results from the biomass resource and bioenergy

potential modelling for each GCC country are presented
in Table 3 [42].
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Table 3 Biomass potential in GCC region

Biomass resource potential (Mtpa) Bioenergy Proportion
Animal wastes  Crop Residue Sewage MSW potential of overall e'lectricity
(PJ elecy2 consumption (%)
Bahrain 0.27 0.01 0.02 0.68 6.59 6.3
Kuwait 1.71 0.64 0.06 1.17 23.10 10.1
Oman 3.57 0.07 0.07 0.85 27.59 22.5
Qatar 1.39 0.47 0.04 0.68 16.40 9.9
Saudi Arabia 14.35 0.20 0.51 12.50 179.45 14.4
UAE 4.24 0.30 0.15 3.46 50.71 11.0
Total 25.52 1.68 0.87 19.35 303.84 13.0

3based on assumption of thermal conversion efficiency of 36 % used by IEA bioenergy

"based on national electricity consumption levels for2019

Saudi Arabia had the largest overall potential,
followed by UAE and Oman. For each region the
dominant categories of biomass potentially
available for bioenergy are waste resources
generated by animals and organic MSW materials.
Agricultural residue and sewage wastes have lesser
opportunities.

According to the International Energy Agency
(IEA), the share of biofuels in the Middle East reached
5% by 2020 [42]. With more and more biofuel companies
coming into the picture in the Middle East, there is an
acute increase in the market share of biofuels.

The demand for fossil fuels is ever increasing against
a tight economic environment. Consumption of oil and
gas in Saudi Arabia has shown a rise of 5.9% over the
past five years. The demand for electricity has seen an
annual growth rate of 8 %. Although the GCC countries
are the world’s leading producers of energy, many
clean technology projects have been launched recently
indicating the region’s need to exploiting renewable
sources of energy. Found in the Middle Eastern arid
region, algae are available significantly. It can withstand
hot temperatures, as well as grow in higher salinity
ranges making the prospects of algae-based biofuels
production for the Middle East region as appealing. The
region is suitable for the mass production of algae due
to following factors:

* Presence of non-arable lands and extensive coastal
area.

* Presence of oil refineries and power plants to
capture CO,.

* Highest annual solar radiations.

* Presence of a number of sewage and wastewater
treatment plants.

Algae Research Laboratory at Abu Dhabi and
Microbial Environmental Chemical Engineering
Laboratory (MECEL) of the Masdar Institute of Science
and Technology, are currently taking up projects to
analyze the algae-based fuel production for use as
aviation and jet fuel. Lootah Biofuels based in Dubai
has made an agreement to develop raw materials for
production of algae oil. Photo bioreactors (PBR) and solar-

powered, open pond constructions for algae production
are becoming an attractive choice for producing algae in
the Middle East region.

The King Abdul Aziz City for Science and Technology
(KACST) is working on a project to screen lipid hyper-
producer algae species in Saudi Arabian coastal waters
for biofuel production. The aim of this project is to
increase research in algae-based biofuel production for
use in bio refinery within the next ten years.

With Etihad Airways commercial flight operation
powered by fuel produced from plant matter, the UAE
has demonstrated importance of biofuel development
[13]. To help in further development, the Sustainable
Bioenergy Research Consortium (SBRC) located is
working to implement Bio jet Abu Dhabi, a project being
that brings together various sectors of fuel development,
energy, aviation, refining, environmentalists as well as
financial/investors and legal fraternity.

Investing in the UAE’s sector could also provide an
annual revenue of US$7.6 billion by the year 2023, with
$69 billion being invested in new production capacity
worldwide over the next 10 years.

4 Economic scenario

This section deals with study of economic potential
of biofuels, that also needs analysis of production and
refining methods. The costs of production of biofuels
depends on available feedstock, conversion process and
production scale. Among all the parameters, the costs of
raw feedstock play a major role in overall costs. One of
the factors that have limited use of biofuels is perception
of higher costs. However, this is just a myth as the
biodiesel provided by Lootah Biofuels in UAE is cheaper
than the conventional diesel.

Amongst all the fuels Ethanol has the lowest
costs, higher octane fuel additive available to gasoline
operated systems. During year of 2011, The National
Renewable Energy Laboratory (NREL) projected
a minimum support value of 0.57 US$/L. Some of the
major contributors to production cost of ethanol includes
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Figure 2 Production costs of the palm oil based biodiesel
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Figure 3 Comparison of vehicles operated on various fuels

feedstock costs (23 - 28 %), costs of capital (40 - 49 %),
yield and enzymes costs [15].

Zhang et al. [39], Marchetti et al. [40] and
Apostolakou et al. [41] have done analysis of economic
requirement for production of biodiesel fuels. The
production costs of biodiesel were higher as compared
to diesel. Graboski and McCormick studied benefits of
using glycerol in order to reduce the production costs
in KSA [42]. An approximate distribution of production
costs of palm oil based biodiesel is shown in Figure 2.
Explicitly, the feedstock costs are predominant and with
an economic return on glycerol, the choice of larger plant
has lowered the price.

Figure 3 presents a rough comparisons of automotive
vehicles operated on conventional fuel, electric and
methanol based biofuels.

Methanol based biofuel vehicles performed best
in terms of emissions, fuel infrastructure, price and
resources.

Microalgae is a good choice for the sustainable
production of biofuels. Algae produce lipids that have the
potential for aviation fuel and cultivation of microalgae
could mitigate carbon dioxide and other greenhouse
gases Oman has a good potential to cultivate algae
being richer in water resources as compared to rest
of region. The government is looking for ways to use

biofuels for transportation and power generation. Qatar
is also investing in algae biofuels industry. In 2019, Total
company and Qatar University initiated two projects
to investigate microalgae. In 2018, the country had
a biomass installed capacity of 38 Megawatit.

The GCC algae biofuel prospects market is
consolidated. Some of the key players in this market
include Total SA, Royal Dutch Shell PLC, Chevron
Corporation, Exxon Mobil Corporation, Qeshm
Microalgae Biorefinery Co.

5 Future trends

The global biofuels market alone was projected to
grow to $139 billion by 2021. Commercial use of various
biofuel is still in the phase of being implemented in the
GCC region. In the Middle East region growing market
demand provides an opportunity in transportation fuels
and petrochemical derivatives. Algae producers have
established pilot and demonstration scale projects that
are able to produce fuels from microalgae, cyanobacteria
and other microbes. These factors make it imperative on
GCC nations to develop a robust research, development
and market deployment plan for a comprehensive
approach for bio product synthesis.
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6 Conclusions resources of renewables like biodiesel that
are derived from cheap sources giving rise to

This paper presents a comprehensive review of improvements in exhaust emissions and engine

production and adoption of biodiesel as an alternative performances.

source of fuel for the GCC region. Based on the 2. An increasing trend has been seen in the use

findings, as well as data gathered from available of biodiesel from production rates and usage as

literatures on this subject, the following conclusions can various new jobs are created to meet up with labour

be made: requirements for expansion of industry.

1. The high demand for various fossil fuels has 3. Reduction in greenhouse gas emissions can be
increased the need to explore alternative achieved through increase in production of biodiesel.

References

[1] REICHE, D. Energy policies of Gulf Cooperation council (GCC) countries - possibilities and limitations of
ecological modernization in rentier states. Energy Policy [online]. 2010, 38(5), p. 2395-2403. ISSN 0301-4215.
Available from: https://doi.org/10.1016/j.enpol.2009.12.031

[2]1 REYNOLDS, R. M. Physical oceanography of the Gulf, Strait of Hormuz, and the Gulf of Oman - Results from
the Mt. Mitchell expedition. Marine Pollution Bull [online]. 1993, 27, p. 35-59. ISSN 0025-326X. Available from:
https://doi.org/10.1016/0025-326X(93)90007-7

[31 SALE, P, FEARY, D., BURT, J., BAUMAN, A.,, CAVALCANTE, G., DROUILLARD, K., KJERFVE, B.,
MARQUIS, E. TRICK, C., USSEGLIO, P., VAN LAVIEREN, H. The growing need for sustainable ecological
management of marine communities of the Persian Gulf. AMBIO [online]. 2011, 40(1), p. 4-17. ISSN 0044-7447,
eISSN 1654-7209. Available from: https://doi.org/10.1007/s13280-010-0092-6

[4] AL-BADI, A. H., MALIK, A., GASTLI, A. Assessment of renewable energy resources potential in Oman and
identification of barrier to their significant utilization. Renewable and Sustainable Energy Reviews. 2009, 13(9),
p. 2734-2739. ISSN 1364-0321.

[5] CHEDID, R., CHAABAN, F. Renewable-energy developments in Arab countries: a regional perspective. Applied
Energy. 2003, 74(1-2), p. 211-220. ISSN 0306-2619.

[6] DOUKAS, H., PATLITZIANAS, K. D., KAGIANNAS, A. G., PSARRAS, J. Renewable energy sources and
rationale use of energy development in the countries of GCC: myth or reality? Renewable Energy [online]. 2006,
31(6), p. 755-770. ISSN 0960-1481. Available from: https:/doi.org/10.1016/j.renene.2005.05.010

[71 HAMZEH, Y., ASHORI, A., MIRZAEI, B. ABDULKHANI, A., MOLAEI, M. Current and potential capabilities of
biomass for green energy in Iran. Renewable and Sustainable Energy Reviews [online]. 2011, 15(9), p. 4934-4938.
ISSN 1364-0321. Available from: https://doi.org/10.1016/j.rser.2011.07.060

[8] KAZEM, H. A., CHAICHAN, M. T. Status and future prospects of renewable energy in Iraq. Renewable
and Sustainable Energy Reviews [online]. 2012, 16(8), p. 6007-6012. ISSN 1364-0321. Available from:
https://doi.org/10.1016/j.rser.2012.03.058

[9] Kim, S., Dale, B. Global potential bioethanol production from wasted crops and crop residues. Biomass Bioenergy
[online]. 2004, 26(4), p. 361-75. ISSN 0961-9534. Available from: https://doi.org/10.1016/j.biombioe.2003.08.002

[10] ALAMDARI, P., NEMATOLLAHI, O., ALEMRAJABI, A. A. Solar energy potentials in Iran: a review. Renewable
and Sustainable Energy Reviews [online]. 2013, 21, p. 778-788. ISSN 1364-0321. Available from: https:/doi.
org/10.1016/j.rser.2012.12.052

[11] GHOBADIAN, B., NAJAFI, G., RAHIMI, H., YUSAF, T. F. Future of renewable energies in Iran. Renewable
and Sustainable Energy Reviews [online]. 2009, 13(3), p. 689-95. ISSN 1364-0321. Available from:
https://doi.org/10.1016/j.rser.2007.11.010

[121 BAGHERI, N., MOGHADDAM, S., MOUSAVI, M. NASIRI, M., MOALLEMI, E. A., YOUSEFDEHI, H. Wind
energy status of Iran: evaluating Iran’s technological capability in manufacturing wind turbines. Renewable
and Sustainable Energy Reviews [online]. 2011, 15(8), p. 4200-4211. ISSN 1364-0321. Available from:
https://doi.org/10.1016/j.rser.2011.07.029

[13] NARAYAN, S., ALSAGRI, A. S., GUPTA, V. Design and analysis of hybrid automotive suspension system.
International Journal of Mechanical and Production Engineering Research and Development (IJMPERD)
[online]. 2019, 9(4), p. 637-642. ISSN 2249-6890, eISSN 2249-8001. Available from: https:/doi.org/10.24247/
ijmperdaug201963

[14] MAHROOGI FAISAL, O., NARAYAN, S. Design and analysis of double wishbone suspension systems for
automotive applications. International Journal of Mechanical and Production Engineering Research and
Development (IJMPERD) [online]. 2019, 9(4), p. 1433-1442. ISSN 2249-6890, eISSN 2249-8001. Available from:
https://doi.org/10.24247/ijjmperdaug2019148

VOLUME 24 COMMUNICATIONS 1/2022



B72 MAHROOGI et al.

[15] STOJANOVIC, N., GLISOVIC, J., GRUJIC, 1., NARAYAN, S. Influence of size of ventilated brake disc ribs
on air flow velocity. International Journal of Advanced Science and Technology (IJAST) [online]. 2020, 29(1),
p. 637-647. ISSN 2005-4238, eISSN 2207-6360. Available from: http:/sersc.org/journals/index.php/IJAST/article/
view/3285

[16] MAHROOGI, F. O., NARAYAN, S. Effects of dampers on piston slapping motion. International Journal of Vehicle
Noise and Vibration (IJVNV) [online]. 2020, 16(1/2), p. 46-57. ISSN 1479-1471, eISSN 1479-148X. Available from:
https://doi.org/10.1504/IJVNV.2020.112432

[171 MAHROOGI, F., NARAYAN, S. Dynamic-analysis-of-piston-secondary-motion-using FEM method. In: 26th
International Congress on Sound and Vibration: proceedings. 2019. ISSN 2329-3675, ISBN 978-1-9991810-0-0.

[18] SHERIFF, S.A., KUMAR, 1. K., MANDHATHA, P. S.,, JAMBAL, S. S., SELLAPPAN, R., ASHOK, B,,
NATHAGOPAL, K. Emission reduction in CI engine using biofuel reformulation strategies through nano
additives for atmospheric air quality improvement. Renewable Energy [online]. 2020, 147(1), p. 2295-2308.
ISSN 0960-1481. Available from: https://doi.org/10.1016/j.renene.2019.10.041

[19] KUMAR, A. N., KISHORE, P. S., RAJU, K. B.,, NANTHAGOPAL, K., ASHOK, B. Experimental study on engine
parameters variation in CRDI engine fuelled with palm biodiesel. Fuel [online]. 2020, 276, 118076. ISSN 0016-
2361. Available from: https://doi.org/10.1016/j.fuel.2020.118076

[26] THIYAGARAJAN, S., SONTHALIA, A. V., GEO, V. E.,, PRAKASH, T., KARTHICKEYAN, V., ASHOK, B,,
NANTHAGOPAL, K., DHINESH, B. Effect of manifold injection of methanol/n-pentanol in safflower biodiesel
fuelled CI engine. Fuel [online]. 2020, 261, 116378. ISSN 0016-2361. Available from: https:/doi.org/10.1016/;.
fuel.2019.116378

[20] BALASUBRAMANIAN, D., KAMARAJ, S., KRISHNAMOORTHY, R. Synthesis of biodiesel from waste cooking
oil by alkali doped calcinated waste egg shell powder catalyst and optimization of process parameters to improve
biodiesel conversion [online]. SAE Technical Paper 2020-01-0341. 2020. ISSN 0148-7191, eISSN 2688-3627.
Available from: https://doi.org/10.4271/2020-01-0341

[211 KARTHICKEYAN, V., ASHOK, B., THIYAGARAJAN, S., NANTHAGOPAL, K., GEO, V. E., DHINESH, B.
Comparative analysis on the influence of antioxidants role with Pistacia khinjuk oil biodiesel to reduce emission
in diesel engine. Heat and Mass Transfer | Waerme- und Stoffuebertragung [online]. 2020, 56(4), p. 1275-1292.
ISSN 1432-1181, eISSN 0947-7411. Available from: https://doi.org/10.1007/s00231-019-02797-6

[22] SAKTHIVEL, R., RAMESH, K., PURNACHANDRAN, R., SHAMEER, M. P. A review on the properties,
performance and emission aspects of the third generation biodiesels. Renewable and Sustainable Energy Reviews
[online]. 2018, 82(3), p. 2970-2992. ISSN 1364-0321. Available from: https:/doi.org/10.1016/j.rser.2017.10.037

[23] SAKTHIVEL, R., RAMESH, K., SHAMEER, P. M., PURNACHANDRAN, R. Experimental investigation on
improvement of storage stability of bio oil derived from intermediate pyrolysis of calophyllum inophyllum
seed cake. Journal of the Energy Institute [online]. 2019, 92(3), p. 768-782. ISSN 1743-9671. Available from:
https://doi.org/10.1016/;.joei.2018.02.006

[24] SAKTHIVEL, R., RAMESH, K., MARSHAL, J. J., SADASIVUNI, S., KUMAR, K. Prediction of performance
and emission characteristics of diesel engine fueled with waste biomass pyrolysis oil using response
surface methodology. Renewable Energy [online]. 2018, 136, p. 91-103. ISSN 0960-1481. Available from:
https://doi.org/10.1016/j.renene.2018.12.109

[25] SHAMEER, P. M., RAMESH, K., SAKTIVEL, R., PURNACHANDRAN, R. Effects of fuel injection parameters
on emission characteristics of diesel engines operating on various biodiesel: a review. Renewable and Sustainable
Energy Reviews [online]. 2017, 67, p. 1267-1281. ISSN 1364-0321. Available from: https:/doi.org/10.1016/.
rser.2016.09.117

[261ANNAMALAI, M., DHINESH, B., NATHAGOPAL, K., SIVARAMAKRISHNAN, P, J. RAMESHLALWANTI, J. L.
J., PARTHASARTHY, M., ANNAMALAI, K. An assessment on performance, combustion and emission behavior
of a diesel engine powered by ceria nanoparticle blended emulsified biofuel. Energy Conversion and Management
[online]. 2016, 123, p. 372-380. ISSN 0196-8904. Available from: https://doi.org/10.1016/j.enconman.2016.06.062

[27] Innovation Outlook: Advanced Liquid Biofuels - IRENA [online]. 2016. Available from: https://www.irena.org/
publications/2016/Oct/Innovation-Outlook-Advanced-Liquid-Biofuels

[28] Biofuel production technologies: status, prospects and implications for trade and development - United Nations
Conference on Trade and Development [online]. Available from: https://unctad.org/en/Docs/ditcted200710_
en.pdf

[29] KHAN, I. Bolstering a biofuels market in the Middle East - Renewable Energy World [online]. 2015. Available
from: https:/www.renewableenergyworld.com/2015/03/05/bolstering-a-biofuels-market-in-the-middle-
east/#gref

[30] RIOS, A. UAE’s home-grown biofuel is important milestone in aviation - Khalifa University [online]. 2014.
Available from: https:/www.ku.ac.ae/uae-s-home-grown-biofuel-is-important-milestone-in-aviation/

COMMUNICATIONS 1/2022 VOLUME 24


https://unctad.org/en/Docs/ditcted200710_en.pdf
https://unctad.org/en/Docs/ditcted200710_en.pdf
https://www.renewableenergyworld.com/2015/03/05/bolstering-a-biofuels-market-in-the-middle-east/#gref
https://www.renewableenergyworld.com/2015/03/05/bolstering-a-biofuels-market-in-the-middle-east/#gref
https://www.ku.ac.ae/uae-s-home-grown-biofuel-is-important-milestone-in-aviation/

A CRITICAL REVIEW OF BIOFUELS AS AN ALTERNATIVE FUEL TO DIESEL IN GULF REGIONAL... B73

[31] Engine modification [online]. Available from: http:/www.esru.strath.ac.uk/EandE/Web_sites/02-03/biofuels/
perf_mods.htm

[32] KHAN, T. M. Y. A Review of performance - enhancing innovative modifications in biodiesel engines. Energies.
2020, 13, 4395. eISSN 1996-1073. Available from: https:/doi.org/10.3390/en13174395

[33] Using biodiesel fuel in your engine - Penn State Extension [online]. 2016. Available from: https://extension.psu.
edu/using-biodiesel-fuel-in-your-engine

[34] JAASKELAINEN, H., MAJEWSKI, W. A. Compatibility of biodiesel with petroleum diesel engines - DieselNet
Technology Guide [online]. Available from: https://dieselnet.com/tech/fuel_biodiesel_comp.php

[35]PEREIRA, F. M., VELASQUEZ, J. A,, RIECHI, J. L., TEIXEIRA, J., RONCONI, L., RIOLFI, S., KARAS,
E. L., ABREU, R. A., TRAVAIN, J. C. Impact of pure biodiesel fuel on the service life of engine-lubricant:
a case study. Fuel [online]. 2020, 261, 116418. ISSN 0016-2361. Available from: https://doi.org/10.1016/j.
fuel.2019.116418

[36] WELFLE, A., ALAWADHI, A. Bioenergy opportunities, barriers and challenges in the Arabian Peninsula -
resource modelling, surveys and interviews. Biomass and Bioenergy [online]. 2021, 150, 106083. ISSN 0961-9534.
Available from: https://doi.org/10.1016/j.biombioe.2021.106083

[371WRITER, S. Biofuels gain traction in the GCC - Oil and Gas [online]. 2015. Available from:
https://www.oilandgasmiddleeast.com/article-14769-biofuels-gain-traction-in-the-gcc

[38] CHENG, C. H., CHEUNG, C. S., CHAN, T. L., LEE, S. C., YAQ, C. D., TSANG, K. S. Comparison of emissions
of a direct injection diesel engine operating on biodiesel with emulsified and fumigated methanol. Fuel [online].
2008, 87, p. 1870-1879. ISSN 0016-2361. Available from: https://doi.org/10.1016/j.fuel.2008.01.002

[39] ZHANG, Y., DUBE, M., MCLEAN, D., KATES, M. Biodiesel production from waste cooking oil: 2. Economic
assessment and sensitivity analysis. Bioresoure Technolology [online]. 2003, 90(3), p. 229-240. ISSN 0960-8524.
Available from: https://doi.org/10.1016/S0960-8524(03)00150-0

[40l MARCHETTI, J. M., MIGUEL, V. U., ERRAZU, A. F. Techno-economic study of different alternatives for
biodiesel production. Fuel Process Technology [online]. 2008, 89(8), p. 740-748. ISSN 0378-3820. Available from:
https://doi.org/10.1016/j.fuproc.2008.01.007

[41] APOSTOLAKOU, A. A., KOOKOS, I. K., MARAZIOTI, C., ANGELOPOULOS, K. Techno-economic analysis of
a biodiesel production process from vegetable oils. Fuel Process Technology [online]. 2009, 90(7-8), p. 1023-1031.
ISSN 0378-3820. Available from: https://doi.org/10.1016/j.fuproc.2009.04.017

[42] GRABOSKI, M. S., MCCORMICK, R. L. Combustion of fat and vegetable oil derived fuels in diesel engines.
Progress in Energy and Combustion Science [online]. 1998, 24(2), p. 125-164. ISSN 0360-1285. Available from:
https://doi.org/10.1016/S0360-1285(97)00034-8

VOLUME 24 COMMUNICATIONS 1/2022


http://www.esru.strath.ac.uk/EandE/Web_sites/02-03/biofuels/perf_mods.htm
http://www.esru.strath.ac.uk/EandE/Web_sites/02-03/biofuels/perf_mods.htm
https://dieselnet.com/tech/fuel_biodiesel_comp.php
https://doi.org/10.1016/j.fuel.2019.116418
https://doi.org/10.1016/j.fuel.2019.116418
https://www.oilandgasmiddleeast.com/article-14769-biofuels-gain-traction-in-the-gcc

	2201.pdf
	_Hlk34213376
	graphic93
	graphic94
	graphic95
	graphic97
	graphic98
	graphic9C
	graphic9D
	graphic9F
	graphicA3
	graphicA6
	graphicA7
	graphicA8
	graphicA9
	graphicAA
	graphicAB
	graphicAC
	graphicAD
	graphicAE
	graphicAF
	graphicB0
	graphicB1
	graphicB5
	graphicB6
	graphicB7
	graphicB8
	graphicB9
	graphicBB
	graphicBC
	graphicBD
	graphicBE
	graphicBF
	graphicC0
	graphicC1
	graphicC2
	graphicC3
	graphicC4
	graphicC5
	graphicC6
	graphicC7
	graphicC8
	graphicC9
	graphicCA
	graphicCB
	graphicCC
	graphicCD
	graphicCE
	graphicCF
	graphicD0
	graphicD1
	graphicD2
	graphicD3
	graphicD4
	graphicD5
	graphicD6
	graphicD7
	graphicD8
	graphicD9
	graphicDA
	graphicDB
	graphicDC
	graphicDD
	graphicDE
	graphicDF
	graphicE0
	graphicE1
	graphicE2
	graphicE3
	graphicE4
	graphicE5
	graphicE6
	graphicE7
	graphicE8
	graphicE9
	graphicEA
	graphicEB
	graphicEC
	graphicED
	graphicEE
	graphicEF
	graphicF0
	graphicF1
	graphicF2
	graphicF3
	graphicF4
	graphicF5
	graphicF6
	graphicF7
	graphicF8
	graphicF9
	graphicFA
	graphicFB
	n387
	n388
	n390
	n391
	n392
	n393
	n394
	n395
	n396
	n397
	n398
	n399
	n404
	_Ref467511674
	_Ref54884092
	_Ref54884102
	_Ref54884683
	_Ref54884524
	_Ref54884536
	_Ref56178264
	_Ref54885133
	_Ref54885233
	_Ref54885761
	_Ref54886512
	_Ref54886503
	_Ref54888008
	_Ref54886799
	_Ref55915906
	_Ref55916549
	_Ref55916551
	_Ref55917964
	_Ref55918283
	_Ref55918285
	_Ref55940385
	_Ref55940386
	_Ref59558659
	_Ref59558522
	_Ref59558523
	_Ref59558525
	_Ref59558526
	_Ref56172572
	_Ref56172573
	_Ref56176737
	_Ref56176834
	_Ref56176738
	_Ref56177006
	_Ref56177007
	_Ref56177810
	_Ref56177811
	_Ref56177812
	_Ref73555363
	_Ref59198329
	_Ref59201601
	_Ref59200498
	_Ref27999876
	_Ref73609400
	_Ref59443171
	_Ref59443172
	_Ref59443173
	_Ref59443195
	_Ref59443196
	_Ref59443197
	_Ref59443199
	_Ref59443201
	_Ref59470537
	_Ref59470538
	_Ref59475158
	_Ref59477601
	_Ref59533536
	_Ref59534063
	_Ref59534558
	_Ref59547731
	_Ref59548318
	_Ref59549062
	_Hlk66793404
	_Hlk62555766
	_Hlk65191080
	_Hlk62558583
	_Hlk74389510
	OLE_LINK1
	OLE_LINK2
	_Hlk81085004
	_Hlk69052125




