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AND ACTIVITIES IN THE FIELD

Abstract: The paper presents a brief introduction to the basic aspects of next generati-
on biofuels, briefly detailing on the technology options, environmental and costs aspects.
Emphasis is placed on the need to promote the development of next generation biofuels in
developing countries and countries with economies in transition as of a promising oppor-
tunity to improve social economic conditions and to move towards a new more sustainable
outlined.

Key words: next generation biofuels, production technology, economic and environmen-
tal assessment, UNIDO, developing countries

INTRODUCTION

The decrease of fossil reserves together with their impact on the environment in
terms of greenhouse gas emissions have stimulated exploration of renewable sourc-
es of energy. Most modern renewable energy source options (wind, solar, tides, hy-
dro, geo, etc.) are suitable for electricity production and their development nowa-
days shows very favourable tendencies. The ancient renewable source of energy is
the biomass which has been widely used for energy generation (mainly heating and
cooking applications) for centuries. However, most these applications are have little
efficiency. Even though the recent concept of biomass use for heat and power gener-
ation brings improved technologies for better efficiency and allows on-site electric-
ity production, which is a valuable benefit to distant habitations, the most promis-
ing long term strategy of biomass use appears to be the exploitation of the value of
its matter: either for energy or material applications. That is we are talking about
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biofuels and chemicals from biomass. Currently, only 2% of biomass is used in the
transportation sector [1].

There are several other drivers of the biofuels development, such as: 1) diver-
sification of feedstocks for fuel production (energy security to regions poor of fos-
sil resources), 2) valorisation of waste biomass (solution for waste management is-
sues), 3) stimulation of green chemical industry (more environmentally sustainable
chemical processes to be adopted in the production of biofuel and chemicals from
biomass with respect to the traditional oil refineries), 4) integration of industry and
agriculture (stimulation of feedstock production), 5) social benefits to developing
countries (improvement of countries economic conditions through industrializa-
tion and rural development) most of which are rich of bioresources.

NEXT GENERATION BIOFUELS AND BIOREFINERIES

The chaotic development of biofuels in the recent years has shown how unsus-
tainable practices can be detrimental for the society and the environment [2-5].
The competition with food and the generally low eco-compatibility of the technol-
ogies for producing “first generation” biofuels (from crops or vegetable oils) has fos-
tered the need of new generation biofuels produced from other types of biomass, as
well as using more sustainable technologies. These feed resources will not compete
with food production, but instead will foster the food production allowing devel-
oping integrated agro-energy districts for a better rural economy. These “next gen-
eration” biofuels will be based on agricultural and other lignocellulosic waste (e. g.
forestry), waste oils, algae biomass, by-products of some bio-based industries (e. g.
glycerol from biodiesel production by transesterification), etc. [6]
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Figure 1. Schematic of the production pathways of various biofuels
of first and next generations [8].



Next Generation Biofuels: Why, What, How, When?... 59

100
< EMPA/ESU, 2007-2008 e
90 = EUCAR/CONCAWE/JRC, 2007
—_ o |E/DBFZ, 2004-2009 =
A 80 IFEU, 2004-2007
= ® = VIEWLS, 2005
o 79 N ZSW, 2004 C
L 2
9 8 o
.4 )
© 60 o .
2 ' oo g A ©
— 50
@ 8 e E V'S o ®
A 5]
2 40 x "
g - é . y )
o 30 ‘
°
O X A = A A
5 20 % B
8 #
A
10 .—'—
x A ™) N |
O —_ —~ —_— — e~~~
555 YTEGE 2B 82 To 8% 999owgwl
TOIE §0Tz2 $5L3S o so 888892075
O >LE R O®og = £ o = OO0 = =
88w =2E£28 HE-2° $§ BOS =233359c0g
2”% 33353 -gofs S8 5 38EEEZ O
Q 20820 BTE2Rso Lo 5 0000aC=2
© o5 =2 cgl2= SE 92 ccccc
x 20088 T£595 =2 o545 228228
ONmnm o2 68::8 g =9 ===
sl Lo g =z % VWSO
o) FOs @c m S =529
] s FSL 2Oow g
= O - = [
D%m £ L e 23
2 IR
m o
. . . . . Fossil
First generation biofuels Next generation biofuels fuels

Figure 2. International results on global warming potentials (average values) [9-14].

The next-generation biofuels under attention of chemists and technologists
currently include: advanced biodiesel or hydrogenated vegetable oils (HVO), syn-
thetic biofuels (e. g. FT-diesel, bio-MeOH, bio-DME, bio-SNG, and bio-MTBE), bi-
omethane (via biogas), lignocellulosic bioethanol, and bio-hydrogen. The scheme
in Figure 1 generally illustrates a variety of technology pathways to produce biofu-
els of first and next generations, i. e. those obtained from energy crops (sugar, tri-
glycerides, starch) and from waste biomass (lignocellulose, mixed organic matter,
low quality oils, etc.). More detailed info on specific production technologies and
related aspects of chemistry and catalysis can be found elsewhere [7].

An expanding biomass usage should also follow environmental criteria. Re-
sults of a several LCA (Life Cycle Analysis) studies on a number of biofuels are
combined in Figure 2. One can easily note that according to most sources the next
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Figure 3. Biofuel production costs [15-23].

generation biofuels show reduced emissions with respect to traditional biofuels
and fossil fuels. Even for the same product, the environmental impact in terms of
GHG emissions related to biofuels production stems from conjunction of many
factors, which include feedstock type and conditions of its cultivation and harvest-
ing, transportation and specifics of conversion technology, etc. Hence, results of
different LCA studies can vary in a wide range.

Coming to the production costs of biofuels (see Figure 3), next generation bio-
fuels still appear quite cost intensive due to a number of factors, such as technology
complexity and availability, feedstock transportation & storage due to large scale
requirements, infrastructure, etc.

An appropriate way to improve the economy of next generation biofuels, as well
as of traditional biofuels and of other bio-based production processes is the inte-
grated approach of production of high added value chemicals together with target
products (biorefinery concept). Biorefineries are seen as the future facilities of the
bio-based industry as they present the most sustainable solution of bio-resource
management in terms of technical economic and environmental benefits.

ICS UNIDO PROGRAMME IN THE FIELD OF BIOFUELS
AND BIO-BASED CHEMICALS

United Nations Industrial Development Organization (UNIDO) was instru-
mental in promotion of the industrial development through the transfer of tech-
nologies in the energy sector in developing countries and countries with econo-
mies in transition. The UNIDO Biofuels Strategy was developed in 2007 in order
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Figure 4. Radius of attention of UNIDO and of ICS in the biofuel production chain [25]

to identify the potential areas of UNIDO intervention and its role in promotion of
the national and international programmes related to biofuels. The radius of atten-
tion is placed primarily on the conversion technologies (see Figure 4).

The International Center for Science and High Technologies (ICS) operating
in the framework of UNIDO is committed to the provision of technical and scien-
tific assistance to the UNIDO projects in developing countries in selected priori-
ty fields one of which is the biofuel production processes. ICS’ main activities in-
clude capacity building, training, and research. Since 2007, in the framework of its
biofuels programme ICS has organized 10 workshops, expert group meetings, and
training courses which were aimed at capacity building and spreading awareness,
as well as at strengthening cooperation with institutions from developing coun-
tries and countries with economies in transition. Training of young scientists and
technologists from these beneficiary countries has being performed in the frame-
work of the ICS fellowship programme which foresees participation of fellows in
research activities and in development of ICS products and tools (on-job training).
Each year, approximately 7 fellows come to ICS and to the laboratories of its coop-
erating centers to participate in the ICS research projects which focus on chemical
studies of conversion technologies for exploitation of waste and low grade bio-feed-
stock, such as glycerol from biodiesel production, lignocellulosic waste, and waste
vegetable oils for production of biofuels and added value chemicals in the context
of biorefinery. Some specific research projects include: 1) biohydrogen production
via catalytic aqueous phase and photo-catalytic reforming of glycerol, 2) enzymatic
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degradation of lignin using laccases, 3) lipase catalyzed transesterification of waste
oils, 4) valorization of dehydro-sugars from cellulose hydrolysis via heterogeneous
catalysis, 5) modeling study of the enzymatic cellulose hydrolysis by cellulases, 6)
development of decision support tools for assessment of sustainability of biofuels.
For more information on ICS activities and its biofuels programme please see else-
where [24].

CONCLUSION

Development, even in the embryonic phase, of biofuels and of bio-based chem-
icals under the biorefinery concept in developing countries and countries with
economies in transition has to be supported. Whereas strategic scenarios can be
different for different countries, depending on resource availability and other fac-
tors, preliminary steps can be taken for the purpose of demonstration and spread-
ing awareness among decision makers, general public and specialists. Thus, small
scale biorefineries based on the existing agricultural production can be already
now short term priority goals for many developing countries. Introduction of next
generation biofuels on pilot scale (nonfood feedstock based) also has to be promot-
ed in selected countries. Last but not the least, specialized human and institutional
capacity in R&D, in basic research, and in dedicated education programmes in the
field needs support widely on the local level. ICS and UNIDO are actively work-
ing in these directions. Their programmes are aimed at stimulation of cooperation
with local scientific community, SME and industry as well as with local public en-
tities. In this regard, both cooperation with industrialized countries (South-North
cooperation) and among developing countries and countries with economies in
transition (South-South cooperation) are addressed.

To adopt the most appropriate strategies of production of biofuels and bio-
based chemicals countries have to assess sustainability of different production pro-
cesses, taking into account a together of related technical, social economic and en-
vironmental indicators. Sustainability of production processes has to be the key el-
ement in the development of related policies.
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