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Abstract
In the last decade biofuel production has been increasing dramatically. Recently several
countries have introduced mandates and targets for biofuel expansion. This paper revisits the
recent developments in biofuel production and its impact on the harvested area and CO2
emissions for producers and rest of the world. Three defined scenarios suggested in this paper.
Scenario I, scenario II and scenario III show 50%, 100% and 150% increasing ethanol
production respectively in the world. Our results show that the impact of increasing
production of ethanol has different impact for producers and rest of the world. Our different
scenarios indicate that the increasing 50% ethanol production wouldn’t result the same
portion increasing in the amount of harvested area. Moreover, Increasing of ethanol
production have significant impact on the CO2 emissions for producers countries and whole
world. We have experienced decreasing CO2 emissions in the producers’ countries and
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increasing CO2 emission in the rest of the world.
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1. Introduction
The main part of all energy consumed in the world explore from fossil sources such as
petroleum, coal and natural gas but these kinds of energy sources are limited and would be
finished in future[1–3]. Generally, four main sectors in each country consume energy:
industrial, transportation, residential, and commercial sectors. Reducing energy consumption
and emissions in all four main sectors are the primary goal of policymakers, particularly in
transportation [4–8] and residential [3,9–13] sectors. The burning of fossil fuel is the main
contributor of growing the level of CO2 in the atmosphere[14]. Finding alternative renewable
energy sources gained lots of advantages in the social and environmental issues. The biofuels
production can help to minimize the fossil fuel burning and CO2 emission. “First generation”
biofuels can offer some CO2 advantages and resulted improving domestic energy security,
while the main concern exist about the obtaining of feedstocks. It can result to increase
completion among land use and it changes the land coverage changes[14].
Biofuel production has been attracted issue that follow by the policy makers due to the
potential impacts on net greenhouse gas emissions (GHG) benefits and food production[15].
There is large intend given to use of biofuel replace of gasoline among countries. Some
countries including United States, Brazil, Europe and China are willing to expand their
biofuel markets[16].
Increased production of biomass for energy has the potential to offset substantial use of fossil
fuels, while it would be threaten conservation area and decrease food security. The final
impact of biomass energy agriculture on climate could be either negative or positive depends
on the crop, the technology and difference between the biomass crop and the pre existing
vegetation[17].
A main constraint on the capacity to extend biofuel production to reduce the dependence on
fossil fuels is likely the limited amount of land that are available for producing energy crops
and limitation of instruments for technical supports. Increasing biofuel production raises
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immediate concerns for countries. These concerns include the threat to nature conservation,
the possible increase of carbon emissions, land use changes and lack of water for people[18].
Crops use as feedstocks for biofuel production has created two kind of reactions. Biofuel
supporters believe that biofuels can help to mitigate global climate change due to decreasing
petroleum-based fuels. On the other hand, some people believe that biofuels has negative
effect on the global warming and in fact increasing indirect land use change (iLUC) conclude
that this policy is not effective while we consider to the effect of land changing[19].
This paper presents a discussion of current ethanol production and defines three scenarios. In
the Scenario I. we assume that if ethanol production was 50% of actual growth from 2001 to
2010 for largest ethanol production regions such as United States, Brazil, EU and china, what
was our CO2 emission and land coverage changes outcome. In scenario II we used the actual
growth which was happen in ethanol production in the 2001 to 2010 for these regions and
finally in scenario III considered the situation that the growth rate in the chosen years were
150% of actual growth in this regions. These scenarios help us to show that these growths
how can affect on the harvested area and CO2 emissions for producers of ethanol and the rest
of the world. This study uses the Global Trade Analysis Project (GTAP) database to analyze
the results. Biofuel industry is developing in the production of biofuel in the near future. This
increase is driven by internal and external ethanol market demand[20].
The aim of this paper is to compare different scenarios for ethanol production for producer
countries and the rest of the world. so that some generalized information can be developed
that could help policymakers and other stakeholders in designing a policy framework to
producing ethanol. In Section 2 we present production of ethanol in the world and then in
section 3 we introduce the model and in section 4 show our findings for harvested area and
CO2 emissions and finally in Section 5 we present the conclusion.

2. Ethanol Production
The worldwide growth in the production of biofuels is recently one of the new topics on the
agricultural and food research area[21]. Biofuels production has increased surprisingly since
2001. Fuel ethanol output experienced an increase from 16.9 to 72.0 billion liters from 2001
to 2009. This growing in production has been motivated by governmental interventions. There
are strong financial supports are guaranteed for biofuel manufactures in the United States[22].
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Table 1. provides detail information about the largest area of fuel ethanol production and rest
of the world.
Table 1. 2013 World Fuel Ethanol Production
Continent

Millions of Gallons

United States

13,300

Brazil

6,267

Europe

1,371

China

696

Rest of the world

727

Source: USDA-FAS, World Ethanol and Biofuels Report,

The largest fuel ethanol producers were the United States, Brazil, and the European Union
(EU) and China in 2013. In this paper, we use the four largest regions for producing ethanol
in the world. We assume that all these regions have potential to increase their ethanol
production. So, we define three scenarios for our paper. In the Scenario I. we assume that the
ethanol production in these regions increased 50% of actual increase in ethanol production
from 2001 to 2010. It shows us if the increasing in ethanol production was less than the actual
what was our outcomes for harvested area changes and CO2 emissions. In scenario II we use
the real scenario, which was happen in 2001 to 2010 in the world. This paper use Scenario II
As a baseline scenario to compare with two other scenarios. Scenario II demonstrates real
situation for increasing the ethanol production for these regions from 2001 to 2010. Scenario
III Indicates that if increasing in the ethanol production was higher than that was happen,
what was our outcomes for harvested area and CO2 emissions. For running these scenarios we
ignore the effect of increasing in the other regions that was to low.

3. Model
In this paper we employed Global Trade and Analysis Project (GTAP) model and database.
The standard GTAP model is a multi-region, multi-sector, computable general equilibrium
(CGE) model, with perfect competition and constant returns to scale. This model gives users a
wide range of features, including unemployment, tax revenue replacement and fixed trade
balance closures [23]. GTAP-E model is a modified version of the standard GTAP model that
incorporates energy substitution into the standard database [24].
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Most recent GTAP model extension would handle biofuel by products and accurately
represent global land use. This modified version, called GTAP-BIO [25]. So, we use the
GATP-BIO model to develop our analysis.

4. Findings
The main outcomes that consider in this paper are contained harvested area and CO2
emissions.
4.1. Harvested Area
Several factors restrict the potential biofuel production in the world. The main factor is a
potential reduction of recoverability in harvest areas due to environmental consideration[26].
Increasing of the ethanol production need land to developed. So, in this section we measure
the effect of the increasing the ethanol production on the changing harvested area in defined
scenarios. Table 2. shows changing in harvested area for three different scenarios.
Table 2. Change in harvested area by different scenarios
Scenario I

Scenario II

Scenario III

Products

Ethanol Producers

Products

Ethanol Producers

Products

Ethanol Producers

1 CrGrains

8.425

1 CrGrains

17.271

1 CrGrains

26.496

2 Oilseeds

-0.678

2 Oilseeds

-1.341

2 Oilseeds

-2.02

3 Sugarcane

-1.609

3 Sugarcane

-3.16

3 Sugarcane

-4.717

4 OthGrains

-4.039

4 OthGrains

-8.17

4 OthGrains

-12.393

5 OthAgri

-0.367

5 OthAgri

-0.714

5 OthAgri

-1.088

Total

1.738

Total

3.896

Total

6.224

Products

Rest of the world

Products

Rest of the world

Products

Rest of the world

1 CrGrains

8.052

1 CrGrains

17.547

1 CrGrains

28.426

2 Oilseeds

7.007

2 Oilseeds

14.527

2 Oilseeds

22.496

3 Sugarcane

-6.67

3 Sugarcane

-13.7

3 Sugarcane

-20.746

4 OthGrains

1.423

4 OthGrains

2.987

4 OthGrains

4.55

5 OthAgri

-0.982

5 OthAgri

-1.963

5 OthAgri

-2.927

Total

8.836

Total

19.42

Total

31.799
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In all defined scenarios, the greatest change would be happen in the cereal grains. Ethanol is
currently mainly produced from corn, wheat and sugar cane [27]. In scenario I cereal grains
sectors in the harvested area has the main impact on the producing of the ethanol producers.
Cereal grains would be increase 8.42% for all producer countries in this area. The main parts
of increasing in the cereal grains (85%) resulted from increasing in market price of sluggish
endowment. In the case of the sluggish endowment commodities (e.g., land), shocks to the
model will introduce differential price changes across sectors. Another parts that caused
increasing in cereal grains resulted from supply of sluggish endowment. For other parts also
the main factor affect the fluctuation harvested area in the sectors is cereal grains.
After increasing in this sector we observed reduction on the other sectors such as other grains
4.04%, sugarcane 1.61%, oilseeds 0.68% and finally other agriculture 0.37% for ethanol
producers.
The rest of the world also experienced changing in their harvested area. Increasing the ethanol
production resulted to increase cereal grains 8.05%, oil seeds 7.01% and other grains 1.42%
and reduction on the sugarcane 6.67% and other agricultural products 0.98%. The big share of
this effect explores from the changing the market price of sluggish endowment and also the
rest amount covered by the supply of sluggish endowment.
In all situations, the main part that cause increasing the ethanol production explored from the
cereal grains and other grain products for producer countries. The most change in the
harvested area for rest of the world resulted to increasing the two parts cereal grains and oil
seeds. Our different scenarios show that the increasing 50% ethanol production from scenario
I to scenario II wouldn’t result the same portion increasing in the amount of harvested area.
So, it seems that for increasing 50% in ethanol production we need more than 50% increasing
in the harvested area. When we compare scenario II to scenario III we have observed the same
result. Table 2. provides more details information about our different scenarios.
4.2. CO2 Emissions
A main goal to increase production of biofuels is that they can reduce GHG due to their use
may result in fewer emissions than fossil fuels would be produces in the same situation[28].
In this section we compare CO2 emission reduction in the different scenarios.
The CO2 emission reduction in Scenario I is only happen for the United States and other
countries have experienced increasing CO2 emissions. Contributors of CO2 emissions contain
as carbon dioxide emissions from firms’ usage of imports, government consumption of
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domestic product, government consumption of imports, private consumption of domestic
product and private consumption of imports. Table 3 demonstrates the total emission
information for different scenarios. (see Figure 1a in the appendix)
Table 3. Percent changes in the total CO2 emissions
Scenario

Scenario I

Scenario II

Scenario III

CO2 emission from Ethanol producers

-1.029

-1.887

-2.701

CO2 emission from rest of the world

0.736

1.313

1.83

Total CO2 emission

-0.293

-0.574

-0.871

The effect of ethanol production on the CO2 emissions resulted reduction 1.19% in the United
States and increasing in other regions. The most share of CO2 emission reduction happens to
the United States. In scenario I 83% of CO2 emission reduction resulted from decreasing oil
products. For other ethanol producers the main effect on increasing CO2 emissions resulted
from oil sector. For the rest of the world we observed increasing in CO2 emissions those
results depends on the increasing gas sector. In Scenario II results show that the whole
portion of the CO2 emission reduction happens in the United States 2.19%. This amount is
about 84% more than scenario I. The main source of this reduction is the same as scenario I
and derived from carbon dioxide emissions from private consumption of domestic product.
The main reason for reducing CO2 emissions explained with the reduction on the fuel
products. About 75% percent reduction in the oil products and nearly 16% decrease in the gas
products resulted this reduction on the CO2 emissions.
In the scenario III Increasing 50% production of ethanol compared to scenario I concluded
3.14% CO2 emission reduction in the United States. The main parts of reduction for this
scenario are oil product sector that showed 70% of this reduction.
For all other countries in all scenarios we observed increasing CO2 emissions that is not
significant compare to the United States. In this scenario rest of the world experienced CO2
emission reduction in the oil part but overall this reduction cannot cover increasing in other
parts. (see Figure 2a in the appendix)

5. Conclusion
In the last decade biofuels production has been boosted in the world. The main producers of
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ethanol limited to the four countries that contains United States, Brazil, EU and china. So, in
this paper we made three scenarios and showed that the effect of increasing ethanol
production have different effects on the producer countries and rest of the world. Harvested
area and CO2 emissions are the main factors that would be changed during these different
scenarios. The main result showed that the needed harvested area for increasing 50% on the
ethanol production is more than this amount in all scenarios. So, for increasing certain amount
of ethanol production we need more harvested area as expected. CO2 emissions are totally
different for producers countries compared to the rest of the world. We showed that increasing
ethanol production resulted mainly CO2 emissions for the United States and increasing CO2
emissions for rest of the world. Finally, we observed reduction in the CO2 emissions for whole
economy.

Appendix

Percent Changes in CO2 emissions

2.5
2
1.5
1
0.5

CO2 emission for ethanol
production

0
-0.5

Senario I

Senario II

Senario III

-1

CO2 emission for rest of the
world

-1.5
-2
-2.5
-3

Figure 1a. Percent changes in CO2 emissions by different scenarios
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Figure 2a. Percent changes in CO2 emissions for the whole economy
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