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This analysis is focused on the
effect of the abrupt decline of oil
prices on biofuels, particularly
second-generation ethanol. The
efforts to decrease the production
costs of biofuels, especially cellu-
losic ethanol (CE), will be greatly
threatened if current oil prices
remain low, especially since pro-
duction is not slowing. Only huge
state subsidies could alleviate this
threat, but the challenge is to per-
suade citizens that this sacrifice is
worthwhile.
The Viability of CE
Ethanol is a strategically important trans-
portation fuel that has been adopted
worldwide (Table 1). Brazil's ethanol relies
almost exclusively on sugarcane whereas
the USA has a long tradition of ethanol
production from corn kernel. By contrast,
in Europe the most commonly used feed-
stocks in ethanol production are wheat,
maize, and sugar beet, which represent
approximately 90% of raw materials used
[1] beyond the use of barley, rye, and triti-
cale. The role of wastes and residues in
current production is irrelevant, although
the approval in April 2015 of the ‘iLUC
Directive’ by the European Parliament put
great emphasis on the production of
advanced biofuels from waste feedstocks
while establishing a cap of 7% on the con-
tribution of biofuels produced from crops,
to meet the target of 10% for renewables in
transport fuels by 2020.

If all of the wastes and residues that are
sustainably available in the EU were con-
verted into advanced biofuels, this could
supply 16% of road transport fuel in 2030,
thus reducing the carbon intensity of
transport fuels without significant impacts
on food commodity markets or land
resources (http://europeanclimate.org/
w p - c o n t e n t / u p l o a d s / 2 0 1 4 / 0 2 /
WASTED-final.pdf). Estimates suggest
that by 2030 approximately 220 million
tonnes (Mt) of residues from agriculture
(139 Mt), forestry (40 Mt), and municipali-
ties (44 Mt) will be available for ethanol
production, creating up to 300 000 jobs
in Europe (http://europeanclimate.org/
wp-content/uploads/2014/02/WASTED-
final.pdf) and thus optimizing resource effi-
ciency and boosting the rural economy
beyond the greenhouse gas (GHG) sav-
ings and the reduction of EU oil imports.
Additionally, dedicated biofuel crops
grown on marginal land fallow, such as
herbaceous switchgrass (Panicum virga-
tum L.) and Miscanthus spp., can be con-
verted into CE. Both practices (use of
residues and/or biofuel crops) are impor-
tant to implement the Renewable Energy
Directive and the EU climate and energy
targets for 2020, known as the 20%–

20%–20% targets.

In this context, both the USA and Europe
are now entering a new phase to bring CE
into the promising future of renewable
energy. The US Renewable Fuel Standard
(RFS) program requires renewable fuel to
be blended into transportation fuel in
increasing amounts each year, reaching
36 billion gallons (b.g.) by 2022. In 2014,
US fuel ethanol production reached a
maximum of 14.3 b.g. of ethanol
mainly derived from corn (http://www.eia.
gov/todayinenergy/detail.cfm?id=21212),
a value close the plateau of 15 b.g. defined
by the RFS. Thus, the challenge for the
ethanol industry is to meet the 16 b.g target
for CE in 2022, maintaining the quota of 15
b.g. of corn ethanol. The European Com-
mission agrees that ethanol is the most
cost-effective and readily available means
of substantially decarbonizing Europe's
transport sector [1] responsible for over a
quarter of the EU total GHG emissions.

CE production is expensive due to both
capital and operational costs, with bio-
mass pretreatment the most expensive
processing operation due to so-called
‘biomass recalcitrance’ [2]; that is, the
natural resistance of plant cell walls to
microbial and enzymatic deconstruction.

Estimates put the production cost of CE at
US$3.4 per gallon (in 2012, NREL and its
industry partners claimed to produce CE
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at a minimum selling price of $2.15 per
gallon through thermochemical and bio-
chemical process modeling; http://www.
nrel.gov/docs/fy14osti/60663.pdf), com-
pared with US corn and Brazilian sugar-
cane ethanol production costs, which are
in the range US$1.14–1.51 per gallon [3].
Thus, CE is far from competitive for blend-
ing purposes and is threatened by current
oil prices; predictions for 2015 average
prices were: US$2.23 per gallon for
wholesale ethanol versus US$2.39 per
gallon for motor gasoline [4].

Although positive blending margins were
more common (when ethanol prices are
below the price of wholesale gasoline)
and 1.0 was accepted as the breakeven
ethanol/gasoline price ratio [5], occasion-
ally negative blending margins may occur.
If that happens, the expected response
would be higher Renewable Identification
Numbers (RINs), a tradable commodity
created by US Environmental Protection
Agency (EPA) to enforce biofuel mandates.

The benefits of CE (reduction of oil imports
and carbon footprint, among others) lead
some authors to claim for strong public
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Figure 1. Food Prices Under Low and High Oil P
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investment in R&D, subsidies, and other
support policy decisions [2,3]. Ethanol
producers are also encouraged to switch
from corn kernel to dedicated cultures or
agroforestry wastes. Nevertheless, it must
be emphasized that considerable varia-
tions in GHG emissions and the produc-
tion costs of CE were observed,
depending on the feedstock and location,
mostly due to soil proprieties and differ-
ences in yield [6]. Compared with gaso-
line, the GHG savings from Miscanthus-
based ethanol ranged between 130% and
156% and from switchgrass between
97% and 135%, whereas those from corn
stover were 57–95% [6].

Despite a strong belief that the ethanol
market is already saturated, the ability
to absorb more ethanol in the future
depends on the raising of the blend wall.
E10 has become the maximum feasible
blend adopted for all car models and years
in the USA and Europe, although in 2012
the US EPA approved E15 for use in
vehicles from the 2001 model year to date
[7]. If CE production is unable to advance
rapidly enough to meet the RFS mandate
(36 b.g. by 2022), other unexpected
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rices. Reproduced from [10] with permission of Elsev
biofuels sources may be forced to step
in and fill the void [7].

The Viability of CE in the Face of
Low Oil Prices
The abrupt decline of oil prices in the world
market (from approximately US$100 per
barrel in August 2014 to near US$50 in
January 2015, a price that still remains in
November this year) will have consequen-
ces at various levels, especially in the
implementation and success of ethanol
production from renewable sources. The
US Energy Information Administration
forecasts that Brent crude oil prices will
average US$54 per barrel in 2015 and US
$59 per barrel in 2016 [8], suggesting that
the price of crude oil will remain relatively
low. Regarding ethanol, high oil prices
per barrel favor its competitiveness, as
claimed by Tyner [9] (‘If oil stays above
$100 per barrel, corn ethanol under nor-
mal conditions will be viable simply
because of the energy demand for it as
a substitute for gasoline’), who also
claimed that government subsidies and
mandates could be abolished. This
threshold was also assumed by other
scholars [10,11] or may fall within the
h
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range US$80–120 per barrel [12],
although the precise figure is uncertain.

It is well recognized that high energy pri-
ces increase the costs of production and
the price of agricultural commodities as
well as their volatility and induce policies
(RFS mandates, subsidies to ethanol blen-
ders, and import tariffs) that divert food
crops to biofuel production [10]. An inter-
esting evaluation analysis was conducted
by Baffes [10] showing in a schematic
diagram the relationship among, oil prices,
biofuel policies, and food prices and how
they can interact (Figure 1).

de Gorter and Just [13] calculated that the
costs of the tax credits in 2008 to fulfill the
mandated production derived from the
RFS were worth over US$6.5 billion,
increasing to US$21 billion in 2022 (the
tax credit for corn ethanol is US$0.45 per
gallon, for CE US$1.01 per gallon, and for
biodiesel US$1.00 per gallon). However,
these costs could be lowered by the price
of carbon and estimated CO2 emissions
from ethanol. In 2012 the EU-28 spent
s38.3 billion in subsidies to expand
renewable energy, biomass being respon-
sible for s8.3 billion (http://europa.eu/
rapid/press-release_IP-14-1131_en.htm).
Blends used in regular cars
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Figure 2. Main Ethanol Blends Used Aroun
Common_ethanol_fuel_mixtures)..
Critics claim that these practices distort
investment markets by creating unfair
competition within the energy market
and taxpayer costs of biofuels are very
high vis-à-vis the benefits [13].

It seems reasonable that countries seek
independence from nonrenewable fuels,
for climate and economic reasons. One
may argue that climate change needs
clean fuels, even if they are as expensive
as fossil fuels. CE produces at least 60%
less GHG than petrol, although when
indirect land-use change is considered
plus the direct emissions, some biofuels,
such as biodiesel from palm oil, soya
bean, rapeseed, or sunflower, produce
more carbon emissions than fossil fuel
[14].

The gradual move away from oil was a
consequence of oil's escalating price.
Meanwhile, car engines are able to run
with 10% ethanol in the blend (E10)
(Figure 2). Let us imagine for a moment
that all vehicles are flexible fuel and that
E85 is implemented: this will be the worst
nightmare for major oil-producing coun-
tries, especially those heavily dependent
on oil exports. In this context, the more
expensive the oil price, the more rapid the
Flex fuel
vehicles
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Brazil Brazil
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water)
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d the World (http://en.wikipedia.org/wiki/
reversion of the paradigm will be. Thus,
cheap oil can function like a brake on
investments in CE production, unless cli-
mate change agenda maintain the
purpose of GHG mitigation using bio-
fuels, a strategy questioned by various
experts and even the Intergovernmental
Panel on Climate Change (IPCC): ‘How-
ever, land conversion and forest man-
agement that lead to a large loss of
carbon stocks and iLUC effects can
lessen, and in some cases more than
neutralize, the net positive GHG mitiga-
tion impacts’ [15].

Over the long term, if oil prices are within
the ranges predicted by the US Energy
Information Administration [8] and by the
World ank in January 2015 (https://www.
worldbank.org/content/dam/Worldbank/
GEP/GEPcommodit ies/GEP2015a_
commodity_Jan2015), investments in CE
could fall. Only huge investments (public
or public/private partnerships) could pro-
mote a large reduction in the cost of CE
leading to its consolidation in the renew-
able context. How to persuade taxpayers
from countries with anemic economies,
such as those in Europe, to divert large
amounts of money to renewable energies
is a challenge for policymakers that will not
always be understood by the audience in
general.

Concluding Remarks
Cheap oil can be a brake on the develop-
ment of and investment in biofuel technol-
ogies, particularly regarding second-
generation ethanol, unless a massive pub-
lic/state subsidy flow is implemented. How-
ever, this could be socially unacceptable.

Also, the production of shale oil in the
USA and bitumen in Canada and proj-
ects involving drilling in deep water are
not competitive vis-à-vis current oil pri-
ces unless subsidized. Large-scale CE
plants operated by Poet-DSM, DuPont,
and Abengoa, which became opera-
tional in early 2014, were planned when
oil was above US$100 per barrel, the
threshold above which biofuels can
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be profitable even without government
interventions.
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