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A B S T R A C T

While the production of biofuels has expanded in recent years, findings in the literature on its impact on eco-
nomic growth and development remain contradictory. This paper presents a meta-analysis of computable gen-
eral equilibrium (CGE) studies published between 2006 and 2017 on the effect of biofuel production on eco-
nomic development worldwide. Using 30 CGE studies, we found that biofuel-supportive policies generated
significant impacts on GDP and household incomes. CGE studies included in our database reported an average
0.25 percentage point increase in GDP and a 0.49 percentage point increase in household incomes. We also
found that results were driven by several key features of the CGE studies included in our database. We in-
vestigated features such as biofuel type, geographic area, and characteristics of the CGE models employed. We
found that biofuel expansion has heterogeneous effects in developed versus emerging countries. Simulations on
longer time periods and in multi-country studies led to results that indicate higher impacts of biofuel expansion
on GDP growth and household incomes. Moreover, simulations with an increase in agricultural productivity
indicate positive welfare impact gains, unlike simulations with land expansion. Lastly, we found that biodiesel
development leads to higher welfare impact gains than that of bioethanol.

1. Introduction

In 2012, the United Nations' “Sustainable Energy for All” Initiative
(universal energy access, renewable energy, and energy efficiency) re-
newed the international community's interest in initiatives to reduce
energy poverty. Then in 2015, Sustainable Development Goal #7
(“Ensure access to affordable, reliable, sustainable and modern energy
for all”) made room for energy initiatives in development policy ob-
jectives.

Biofuels are serious candidates for addressing global energy objec-
tives. They are now fully integrated into the International Energy
Agency's (IEA) low-carbon global energy scenario options. Renewables
have received substantial attention in climate mitigation initiatives
targeting the transport sector. About 40% of Intended Nationally
Determined Contributions (INDCs) submitted by countries to the UNF
CCC1 Secretariat in the lead-up to CoP21 relied on biofuels (Gota et al.,
2015). In addition, the use of biofuels could be instrumental in re-
shaping several crucial global issues, such as energy security and cli-
mate mitigation, as well as the development energy nexus, especially in

developing countries. Indeed, biofuel expansion can be seen as a means
of transforming national dependence on biomass into an additional
source of income and job-generating activities, particularly in countries
where poverty pervades. In addition, biofuel production may be a key
element for energy security in countries that are net importers of en-
ergy. Moreover, since biofuel cropping uses atmospheric carbon di-
oxide, biofuels may contribute to mitigating greenhouse gas (GHG)
emissions. Further environmental benefits may also be gained if biofuel
expansion pushes up land values and incentivizes land upgrading.

However, biofuel production should be studied in regard to its
sustainability. Three issues are to be considered from a sustainability
perspective: environmental outcomes, allocation of resources, and the
distribution of income or welfare effects.

First, Searchinger et al.'s (2008) influential paper questioned the
positive influence of biofuels on the environment2 and pointed out that
biofuel production competes for land, which generates indirect land use
changes and contributes to GHG emissions. Several authors argue that
biofuel expansion creates a “biofuel carbon debt” when biofuels do not
save CO2 emissions (Fargione et al., 2008).
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Second, biofuel-supportive policies modify the allocation of land
resources. For instance, in African countries biofuel production has
been a key driver of the rising demand for land allocated to large-scale
biofuel cultivation. Weak land governance is a pull factor of foreign
direct investments (FDIs) in agricultural land. Biofuels can therefore be
said to contribute to land rush (e.g., Arezki et al., 2013). Deleterious
effects on unwritten customary land rights (Toulmin, 2009), as well as
exacerbated fertile land scarcity (Cotula et al., 2011), have been re-
ported. In addition, demand for biofuel cropping may induce increases
in agricultural feedstock prices (Rosegrant et al., 2008). Food security
may be imperiled in countries where the food expenditure share of
household incomes is high, such as in Sub Saharan African countries
(Chauvin et al., 2012).

Third, the sustainability of biofuel production should be analyzed
with regard to its ability to generate new income opportunities, i.e., to
have a positive influence on welfare impact. This paper precisely in-
tends to contribute to analyzing this critical aspect of biofuel produc-
tion, which is all the more crucial for developing countries with fragile
economies particularly vulnerable to climate change.

Why concentrate on the income generating effect of biofuel pro-
duction? First, we argue that such analysis is a necessary complement to
existing studies which mostly draw attention to environmental out-
comes of biofuel expansion (e.g. Lankoski and Ollikainen, 2011;
Schaffartzik et al., 2014). Income generating or welfare effects are to
some extent overlooked (one example is Neuwahl et al., 2008). Second
biofuel production is widely seen as an opportunity for economic de-
velopment and biofuel policies have been endorsed by many developing
countries. Several African countries have tried to implement attractive
conditions for biofuel producers owing to their land abundance, for
instance, Tanzania and Mozambique (Amigun et al., 2011; Arndt et al.,
2011). Land abundance is also a key aspect both of Brazil's agricultural
and energy policies (e.g., Stattman et al., 2013) and those of some
major Asian biofuel producers (Kumar et al., 2013). Welfare gains are
prerequisites for the success of biofuel policies. For instance, higher
incomes might alleviate poverty and help diversify activities under
increased exposure to natural risks.

How do we assess the welfare impact of biofuel production? The
recent upsurge in biofuel production (see Fig. 2) makes it difficult to
evaluate ex post the consequences of biofuel expansion on national
and/or household incomes. Relying on case studies can yield qualitative
results and uncover various dimensions of sustainability (e.g., Ariza-
Montobbio and Lele, 2010). It can also provide us with quantitative
results based on econometric techniques (Andrade de Sá et al., 2013;
Negash and Swinnen, 2013). However, it may be difficult to draw
general conclusions.

In this paper, we focus on simulation exercises based on computable
general equilibrium (CGE) modeling. CGE has attractive features as a
policy analysis tool and allows us to focus on several key aspects of
biofuel expansion. First, biofuel expansion is a worldwide phenomenon
and CGE modeling allows us to take international interdependencies
into account. Second, at the national level, biofuel expansion cannot be
studied in isolation from other sectors and economic actors of national
economies (Kretschmer and Peterson, 2010). In other words, CGE
modeling allows for modeling a variety of feedback and indirect effects
induced by biofuel policies.

The main objective of this paper is to examine the impact of biofuel
policies on GDP growth and household welfare. In contrast to existing
studies and surveys on the topic (e.g., Gasparatos et al., 2015; Ji and
Long, 2016), we address the subject with a meta-analysis performed on
existing CGE studies. CGE modeling results have played a crucial role in
the “fuel versus food” debate (see Chakravorty et al., 2009) and study
results have widely differed. A crucial question, therefore, emerges as to
whether results are sensitive to modeling choices, results reporting or
data assumptions. To the best of our knowledge, our meta-analysis is
the first on the topic of biofuel development, which is a key aspect of
assessing the sustainability of biofuel production. An investigation on,

and better understanding of, key CGE modeling features might be of
interest for policy-makers: thus, a meta-analysis may be of considerable
help in opening the “black box” of how policy outcomes are generated.
In addition, the results of meta-analyses could provide valuable input
for scholars trying to improve their analytical tools.

The remainder of the paper is organized as follows. Section 2 dis-
cusses the use of a meta-analysis. Section 3 is devoted to the con-
struction of the database. Section 4 develops the empirical strategy and
economic results. Section 5 presents the results and Section 6 con-
cludes.

2. Meta-analysis

2.1. Definition of Meta-analysis

A meta-analysis or meta-regression analysis (MRA) is a quantitative
summary of empirical studies on a precise topic (Paldam, 2015; Stanley,
2001). The empirical literature on the impact of the expansion of bio-
fuels on economic growth and household incomes includes dozens of
studies which cannot be fully captured in a narrative survey. Therefore,
conducting an MRA on the topic will complement narrative reviews and
facilitate the understanding of factors that contribute to the different
outcomes of existing studies. This approach also helps us to avoid the
so-called “myth of the perfect study”, which can be found in narrative
reviews where researchers select studies based on idiosyncratic judg-
ments (Hunter and Schmidt, 2004).

The usual way of checking the results obtained in any applied work
is to perform robustness tests or sensitivity analyses such as running
alternative estimators, using alternative measures of interest variables
or varying the geographical coverage of the dataset in econometric
studies. Robustness tests can also take the form of elaborating addi-
tional scenarios or changing key parameter values in CGE simulation
exercises. Conducting an MRA is arguably more thorough than ro-
bustness tests, which relate only to the sets of hypotheses made in one
given study. MRAs are meta-robustness analyses in the sense that they
are deemed to comprehensively collect the set of hypotheses used in the
existing literature. While robustness analyses mainly allow for checking
the sensitivity of results to a set of particular hypotheses, MRAs help to
identify the hypotheses that drive the results and explain their het-
erogeneity (Nelson and Kennedy, 2008).

An MRA should be conducted according to the following steps
(Nelson and Kennedy, 2008; Stanley et al., 2013): formulation of the
topic, design of the protocol for the selection of studies, definition of the
economic outcome (effect size) and explanatory variables (moderators),
and extraction of the data and analysis.

2.2. Recent Meta-analysis on Energy-related Topics

Although ours is original, a large number of MRAs have been con-
ducted on energy-related topics. Several MRAs investigate the causality
between energy use (production/consumption) and economic output/
GDP (Bruns et al., 2013; Chen et al., 2012; Kalimeris et al., 2014;
Menegaki, 2014). These MRAs do not provide a clear-cut answer on the
causality relationship or its direction. Other MRAs focus on energy
demand, i.e., from the perspective of experimental studies (Delmas
et al., 2013) or in terms of residential consumption (Lampin, 2012).
Still, others explore fuel/gasoline consumption (price and income
elasticities) (Espey, 1998; Goodwin et al., 2004; Havranek et al., 2012;
Labandeira et al., 2017; Stern, 2012). Given the recent growth of the
literature on renewable energies, there are fewer MRAs on this topic,
and these are very recent publications. For example, Sebri (2015) ex-
amines 40 primary studies on the renewable energy consumption/
economic growth nexus and finds a significant difference in short-term
versus long-term causality and differences according to the type of data
and model specification used. Soon and Ahmad (2015) analyze 18
studies that estimate the willingness of households to pay for renewable
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