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Abstract

We analyze food security effects of biofuel production by using the synthetic control method.
This retrospective and graphical analysis focuses on Indonesia and Mexico from 2000 to 2013.
Indonesia is a major biodiesel producer while Mexico is specialized in maize and ethanol. Our
findings show that biodiesel production positively affects food security through the increase
in daily per capita energy consumption and food production index, but we observe the reverse
effect for bioethanol. After the adoption of biofuels, the gap between Indonesiaand its
counter-factual allows us to conclude that biodiesel production does not harm food security.
This could be explained by the fact that biodiesel production uses some feedstocks which do
not directly compete with food crops; moreover, biodiesel exports generate revenues which
are allocatedto food imports. However,the gap between Mexico and its counter-factual
suggests that bioethanol production leads to a reduction in food security, this because it uses
maize which is the staple food of many Mexicans. Furthermore, Mexican ethanol exports
compete with that of the U.S. Our results are robust to several falsification.test
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1 Introduction

Currently, fossil fuels account for about 80% of global energy consumption, 57% of which
is due to the transport sector (IEA, 2012). Given the increasing global climate change,
pollution and dwindling oil reserves, humanity is in dire need of other sources of energy for
sustainable development (Khanna and Chen, 2013). Thus, among many renewable energy
sources, biofuels (primarily bioethanol and biodiesel) have been identified as some of the most
promising alternatives to oil (Hahn-Hégerdal et al., 2006). Biofuels are therefore promoted
by governments around the world, in order to meet the growing energy needs.

Since the early 2000s, cropland has increased by 50 million hectares worldwide and the
highest growth rates were recorded for maize, soybean, rapeseed (Tyner, 2012) and palm
oil (Thoenes, 2006), that are crops used for first-generation biofuel production. Their usage
to meet food and energy needs leads to increasing their market prices. The rise in food
prices reduces food access to vulnerable people, leading some authors such as Ferrett (2007)
to consider biofuels as a crime against humanity. However, for others, biofuel production
in a country can be advantageous because it allows generating employment, diversification
of energy sources and incomes for farmers (Ewing and Msangi, 2009); these revenues can
therefore be allocated to food import and improve food security.

Biofuel effects can differ, depending on the raw material used in the production process
(Groom et al., 2008). Therefore, this article aims at assessing their consequences by using
two countries and two different biofuels (biodiesel and bioethanol) for comparison purposes.
Specifically, we focus on Indonesia and Mexico, that are two major biofuel producers among
developing countries which are facing food insecurity issues, and a set of countries which
have never produced biofuels. On average, we counted approximately 19.3 millions of people
undernourished in Indonesia and 5.4 millions in Mexico in 2013.

Contrary to existing studies on biofuels, we use the synthetic control, which is a method
that emphasizes on comparative case studies in order to highlight the effects of an event
or a policy. This method is the first on the topic of biofuel development on food security

and is important to evaluate the sustainability of biofuel production. Moreover, a better



understanding of synthetic control could provide helpful input for researchers trying to im-
prove their analytical tools, and might be of interest for policy-makers. This article also
presents the trajectories of food production index and daily per capita energy consumption
that these countries would follow if they did not produce biofuels. Following this method, we
use a sample of 27 developing countries including the two countries studied in this analysis
over the period 2000-2013, and we find evidence of an increasing effect of food insecurity for
Mexico and a decreasing effect for Indonesia.

In order to better address this issue, our work is structured as follows: in the following
section we review the main ideas behind biofuels and food security in both Indonesia and
Mexico. Then, section 3 presents our data and the empirical method we use to answer the
above questions. Section 4 submits the main results of our analysis. Finally, section 5 gives

the findings of robustness check before concluding in section 6.

2 Background

2.1 Biofuel impacts on food security

Biofuels are increasingly being studied as they are the main alternative to fossil fuels used in
the transport sector. They can be solid, liquid or gaseous, and are considered as alternative
energies which can allow facing the energetic deficiency. They are classified into four groups
from which we can distinguish the first, second, third and fourth generation biofuels. First
generation biofuels are the most used and are constituted by biofuels which use food crops
as feedstocks. These feedstocks could be sugarcane, maize, beet, wheat, palm oil, etc. We
consider as second generation biofuels, those derived from biochemical and thermochemical
conversion (Smith, 2010). This type of biofuels can be produced with feedstocks like jatropha,
switchgrass, poplar, willow and some wastes derived from agricultural production. The third
generation biofuels come from algae, seaweed, microalgae, and the fourth generation biofuels
use microbes as feedstocks. As previously announced, biofuels have many consequences,

especially on food security.



Food insecurity can be defined as uncertain access to sufficient and appropriate food,
or the fact that sometimes an individual or a household goes without food (Barrett, 2002).
Despite the growth in food production, today many people (more than one in seven) suffer
from micronutrient malnourishment, because they do not have access to sufficient energy
from their diet (Godfray et al., 2010). This situation could be due to food unavailability and
observed by the statistics of some indicators such as the daily per capita energy consumption,
the number of people undernourished and food production index. The daily per capita
energy consumption fairly approximates well nutrition. The number of undernourished people
represents the total number of individuals with a dietary energy consumption less than a
threshold measured in terms of the number of kilocalories necessary to conduct light activities.
Likewise, food production index covers all edible food crops available. So these measures
permit to evaluate a country level of food insecurity.

As defined by the United Nations Food and Agriculture Organization (FAO), food security
is constituted by four dimensions which are availability, access, utilization and stability. As
biofuels! are produced with food crops, each dimension of food security could be influenced
by their development. The first impact is the reduction of food availability, due to the fact
that biofuel production diminishes the quantity of food supply; this results in higher food
prices. A large expansion in biofuel production, from agricultural feedstocks, could create a
food crisis, but also volatility in food prices (Tenenbaum, 2008; Hochman et al., 2011). This
situation negatively affects food access, and stability as they are respectively determined by
food price levels and food price volatility. Likewise, it influences food utilization determined
by the access to nutritious and safe diet. According to Hausman et al. (2012), the increase in
maize price between 2006 and 2007 was explained by the United States ethanol production.
For Mitchell (2008), biofuel growth highlights 70% to 75% increase in the world prices of
agricultural products. In addition, in many developing countries the poor allocate about
70% of their revenue to their consumption (Pingali et al., 2008). Thus, rising food prices
could have a negative impact on household purchasing power. On the other hand, far-

mers could benefit from higher commodity prices, as these higher prices would increase their

'Mainly first generation biofuels.



income. Moreover, biofuel production will create employment at farm and factory level. In
accordance with Zarrilli (2008), the regulation of biofuel usage could provide benefits like job
creation in rural areas and lower emissions of greenhouse gases (GHGs). So, their production
might favor poverty alleviation and food access (Ewing and Msangi, 2009).

Otherwise, biofuel expansion enhances deforestation; indeed, farmland expansion is one of
the main determinants of deforestation (Righelato and Spracklen, 2007; Goudie, 2018). Since
deforestation leads to soil degradation and decreases agricultural yields, biofuel expansion

could negatively affect food security in the long run (Meyer et al., 1994).

2.2 Indonesian context

Indonesia is a South-East Asian country, consisted of 17,504 tropical islands. With over 20
million hectares of arable land, Indonesia is considered as the main producer of crude palm
oil (CPO) in the world (McCarthy et al., 2012), and provides around the half of the world’s
palm oil (Colbran and Eide, 2008). In order to stay the largest CPO producer, in 2008,
Indonesia used nearly 7.3 million hectares of land for palm oil and cleared also 18 million
hectares of forest land (Kharina et al., 2016). In 2009, CPO production was around 24,500
MT in an area of 7,500 thousand hectares.

Although, Indonesia is a member of the Organization of the Petroleum Exporting Coun-
tries (OPEC), it imports a large quantity of oil to meet its domestic needs. Thereby, in 2006
with the presidential instructions on biofuels, Indonesia began its biofuel production. They
are mainly produced with palm oil and also with jatropha.

The main areas of biofuel production in Indonesia are Sumatra, Kalimantan (formerly
Borneo), Sulawesi, West Papua and Java as we can see in figure 1; there are also the main
areas of palm oil production.

In 2006, areas devoted to palm oil production in Sumatra accounted for more than 4
million hectares. The second archipelago after Sumatra is Kalimantan with an area of palm
oil production superior to 1.5 million hectares. After Sumatra and Borneo, we have Sulawesi

with more than 100 thousand hectares, and Papua with more than 40 thousand hectares.










































































