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Renewable and Sustainable Transportation Fuels

Siging Liu*
National Center for Agricultural Utilization Research, USA

Sugarcane-based ethanol has been the major automobile fuel
in Brazil for over three decades due to the abundant and renewable
production of cane sugar. A 10% blend of corn starch-based ethanol
with gasoline, also known as E10 or gasohol, is used in most cars
running on US roads today. Legislation like the Energy Independence
and Security Act of 2007 has led to an aggressive expansion of starch
to ethanol production in the US, growing from 175 million gallons in
1980 to 13.9 billion gallons in 2011 (http://www.ethanolrfa.org).

Currently a total of 17 states in the US use bio-ethanol to replace
methyl tert-butyl ether (MTBE) as a safer oxygenate for gasoline
formulations (www.eia.gov ). Moreover, E15 (15% ethanol blend) was
recently approved by the U.S. Environmental Protection Agency for
use in select automobiles from 2001 and newer model years, and in all
flexible fuel vehicles (FFVs). It has been projected that in the US by the
year 2035, 63% of the bio-ethanol produced in the US will be used for
E10 and E15, while 37% will be used in FFVs operating on E85 (85%
ethanol blended with 15% gasoline), which should significantly reduce
US consumption of petroleum- based transportation fuel (http://www.
eia.gov/forecasts/aeo/MT_liquidfuels.cfm).

Starch based ethanol, also known as a “first generation” biofuel, has
been accepted as a commodity in the fuel market, which supplies fuel
to almost all of the E10, E15 and E85 vehicles currently on US roads.
However, using corn starch for ethanol could potentially compete with
food, feed and fiber resources. Thus, lignocellulosic biomass materials
have been recognized as alternative feedstocks for ethanol production
since the 1970s [1]. From the 1970s to late 1990s, pioneering research in
the area of biomass pretreatment and conversion to liquid fuels showed
progress [2-6], but in the last decade, research converting biomass to
biofuels has been pursued extensively. As demonstrated in figure 1 a
significant increase in funding and publications was observed after
2002, the year when the US Department of Energy’s Biomass Program
started.

Technologies and processes for cellulosic ethanol, known as a
“second generation” biofuel, have been developed and feasibility tests
have been successful at pilot plants. To date, seven commercial cellulosic
plants are under construction in the US although cost-competitive
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Figure 1: The total number of publications in the area of biomass and
biofuels per year is presented here. The data was collected from 2002 to
September, 2012 from a search of the CAS database (http://www.cas.org/

products/scifinder) using keywords “biomass” and “biofuels”.

production remains a grand challenge (http://en.wikipedia.org/wiki/
Cellulosic_ethanol_commercialization).

The most abundant and renewable lignocellulosic biomass
materials contain not only cellulose, but also lignin and hemicelluloses
in a complex and recalcitrant structure [7]. Lignocellulosic biomass
from agricultural and forestry residues, energy crops, and municipal
waste are renewable and sustainable resources. The development of
“third generation” biofuels and bio-based replacements of petroleum
products including jet fuel, gasoline, polymers and chemical feedstocks
from lignocellulosic materials will widen the biomass to bioenergy
field. Evidently more innovative research and technologies are needed
to create a sustainable bioenergy industry and to reduce US dependence
on imported petroleum.
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