System dynamics modelling for assessing promotion strategies of
biofuels used in land transportation

Abstract
This article presents the development and use of a system dynamics model of the interactions of
the food commodities and biofuels production systems. The principal aim is to develop a sense of
the mechanisms responsible for the impact of biofuels on the production output and prices of food
commodities. The model and the associated discussion are confined to biofuels for the
transportation sector of the European Union. Simulations of the model with incentive policies for
promoting biofuels in the European Union showed that beyond a certain point, the rate at which
biomass production expands can be problematic with regard to land availability for agricultural
products grown for human consumption. Nevertheless, simulations indicated that process
technology increasing the productivity of biofuel production can act as a balancing factor.
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Introduction

For several years, biofuels have been considered as an alternative source of energy and
there have been numerous efforts for their development and adoption. The case of Brazil
after the oil crises of the seventies is the most characteristic. These efforts, however, were
not followed through in the eighties, and biofuel adoption declined as the discovery of oil
fields outside OPEC drove oil prices down. The reasons for the current renewed and
increased interest and developments in biofuels can be attributed to seven factors: a) high
fluctuating oil prices, b) an increase in total human activity in every region of the planet
that contributes to global warming (IPCC, 2007), c) the exponential population increase, d)
an increase in per capita needs, e) incomplete knowledge of the limits to natural resources
(Meadows et al., 2004; Rockström et al., 2009) both from those involved in managing them
and those who use them (Bartlett, 2004), f) security of energy supply (Umbach, 2010) and
g) additional income source for the agricultural sector.
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As a response to these issues, it is anticipated that the adoption of biofuels will contribute
to energy security, when oil production will peak. It will also contribute to the reduction
of CO2 emissions (European Commission, 2001a; Ignaciuk et al., 2006). In addition to the
positive contribution in dealing with the aforementioned problems, biofuels can be used to
support existing human activities, as more energy will be available. At the same time they
pose new demands for land expanses. Hence, it is evident that energy policies should take
into account related issues of human nutrition, health, etc.

Incentives provided from governments and international organizations have resulted in a
shift towards biomass production at the expense of other more traditional agricultural
products. Subsequent rises in food commodities prices and raw material shortages were
attributed wholly, or in part, to the distribution of cultivable land for biomass and related
products. Future scenarios by certain analysts on the ability to increase yields and,
therefore, agricultural production, paint a rather grim picture (Timilsina and Shrestha,
2011). Are these worries about prices justified? which mechanisms are responsible for the
shortages and increased prices already observed, for which future phenomena will these
mechanisms be responsible, and how these mechanisms must be configured through
energy policy instruments for reversing trends? Research into these issues, principally for
the case of the US markets, have already been accomplished using statistical and/or
econometric models (e.g. Ignaciuk et al., 2006; Belcombe and Rapsomanikis, 2008; Zhang
et al., 2010) and various dynamic partial equilibrium models (Witzke et al., 2008). System
dynamics has been used (Schade and Wiesenthal, 2011) but for looking on the effect of
fossil fuels on biofuels. Sandvik and Moxnes (2009) look at the interaction of prices of oil,
food and biofuel without explicitly incorporating land use dynamics. At a larger scale, in
the practice of policy making biofuels have been debated at institutions such as the
European Parliament and direct reference to predictable large-scale detailed models
aiming at predicting and assessing their impact has been made (Fonseca, 2010).

The current article is an attempt to complement these efforts in terms of scope. That is, to
answer the same questions by investigating possible generating mechanisms expressed as
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dynamic hypotheses which are tested with the help of a system dynamics model. The
model is calibrated using data for the European Union fifteen oldest member states (EU
15). EU 15 data were used because it was the most complete and reliable long-term data
set available. Beyond this, the contribution of the paper is to demonstrate how a systems
approach operationalised through system dynamics modelling can be used to explain and
explore similar situations in energy systems transitions (Geels, 2004; Kern and Smith, 2008;
Meza and Dijkema, 2009).

The paper is organised as follows: In the following section (Section 2) issues related to land
use for biomass are discussed. In Section 3, a perspective on the dynamics of biofuels
production is presented, whereas in Section 4 the development of the system dynamics
model and the basic assumptions embodied in its structure are discussed. In Section 5, the
results of the simulations are presented and discussed. Finally, in the last section,
discussion is made and conclusions are drawn about implementing policies that support
and reinforce the adoption of biofuels as a source of energy and hence the questions posed
earlier are answered.
2.

Biofuels and Land Availability

Depending on resource availability, biomass cost and energy produced, conversion
technologies, as well as social and institutional factors, several studies project global
biomass energy production penetration in the range of 10-50% of total energy demand
(Hoogwijk et al., 2005). Clearly, the bioenergy potential also depends on global land
availability and land yields (Berndes, 2003), and on the competition with other
technologies, such as solar and wind energy, both set to develop rapidly. The impact of a
continuously growing bioenergy sector on other land uses, and its related socioeconomic
effects have not been investigated sufficiently, although it has become apparent that land
constraints will lead to competition between food and fuel production (Peters and
Thielmann, 2008), making the issue of providing food in a planet with a constantly
increasing population one of great importance (Lotze–Campen et al., 2005). Whether
agricultural production and yields will increase sufficiently in order to supply demand is
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contested (Timilsina and Shrestha, 2011). A study that looked into the complexities of
biofuel and climate influences on agricultural production concluded that if the expansion
of biofuels based on agricultural crops, reaches the levels stipulated in the mandates and
targets established in numerous countries, then this additional burden on crops
production will have a ‘significant impact on the world food system’ (Fischer, 2009). The
study goes on to project biofuels and climate change impact on agriculture with the former
having a large impact up to 2030 and reducing with time while the latter following the
opposite with significant effects in the long term. In terms of total production it is been
estimated that in order for food supply to meet demand on a global scale, total production
should double by 2025.

By contrast, however, there are researchers claiming that land availability is not a
constraint for biofuels, as productivity will continue to rise (Timilsina and Shrestha, 2011).
It is a fact however that world food prices has increased significantly from 2002 to 2007
primarily as a result of increased demand for cereals and oilseeds for biofuels, low world
food stocks, reduced harvest in some locations, for example in Australia and Europe due
to drought conditions, record oil and fertilizer prices and world market speculation. What
exacerbates the problem of supplying food needs and the associated requirements for
resources are the differences in diets followed around the world. In the following section
the dynamics of acreage availability and its role in potential competition with existing
land use patterns and technological knowhow are examined, as well as the potential of
focusing on second generation biofuels.

3.

The Dynamics of Biofuel Supply & Demand in the EU

The conditioning of developed countries on hydrocarbons is a well known fact. For
example, from the 1970s and onwards, US imports more than 50% of the oil it consumes.
The European Union member states also rely significantly on fossil fuels, as net imports of
all energy sources amounted to 52% of total gross inland consumption in 2004 (Eurostat,
2007a) and 83% on crude oil and petroleum products in 2007 for EU 25 (European
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Commission, 2010). What intensifies the problem for US and EU is the increasing
population trend (Eurostat, 2008a) and increasing mobility by land, sea and air that
inevitably lead to greater fuel consumption. EU population is projected to reach four
hundred million inhabitants in 2030 for Europe, and between eight and ten billion on a
global scale (United Nations, 2006). These trends are bound to keep the demand for fuels
increasing. As hydrocarbon sources are not renewable, peaking oil production in the
future (Witze, 2007; Aleklett et al., 2010) will put countries without domestic oil sources at
a disadvantage and those that have them in a beneficial position. In this context biofuels
are portrayed as a sustainable solution to an uninterrupted energy supply, as the rate of
discovering new oil fields declines (Janssen and Rutz, 2007).

In the European Union, substituting fossil fuels with biofuels has been anticipated to
contribute to transport emission reduction, improve energy security and development of
rural communities (Ryan et al., 2006). Adoption of biofuels for transportation needs has
been planned with set targets for 2005 (2%), 2010 (5.75%) and 2020 (10%) (European
Commission, 2001b). However, these targets seem unachievable as only 1.2% coverage
was achieved in 2005 (European Commission, 2006a). Bringing about such a change is not
an easy task as existing energy and transport systems are characterized by lock in and
resistance to change (Unruh, 2000). The development of energy plantations has been
successful so far only in specific countries like Brazil (Ryan et al., 2006), China and
Sweden, where significant governmental incentives and subsidies or tax breaks have been
given (Wright, 2006; Peters and Thielmann, 2008).

As indicated in the introductory section, the food commodities and biofuel production
systems interactions have already been studied, principally for the case of the USA
market, using statistical/econometric modelling approaches (Ignaciuk et al., 2006;
Belcombe and Rapsomanikis, 2008; Zhang et al., 2010). These methodological approaches
solely aim at predicting future system behaviour on the basis of a flat ontology of
observed events and their correlations. As such, they do not pay particular attention on
the causality between events or patterns producing mechanisms and the observed events
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per se (Mingers, 2004; 2006). In addition, even at the event level, they assume an ‘openloop’, i.e. linear, causality and closure of the system under study (i.e. it is assumed that
there are no dynamic interactions with the environment, or that interactions are constant
and predictable). Clearly, for all the above reasons, these approaches fail to explain why
events (food commodities shortages and prices inflation) are observed, and/or why they
will be observed.

Consequently, system dynamics was used for modelling the biomass production system
under land constraints. Data from international organizations and other sources were
compiled to construct and inform the model. Several scenarios were tested for different
policies, taking into account developments in biomass processing technologies, first to
justify the mechanisms as representation of reality and then to observe the behaviour of
the system in the course of time (section 5).

In the causal loop diagram of Figure 1, the biofuel and the food commodities production
and consumption systems are presented. Arrows indicate a cause and effect relationship
among variables, and signs indicate positive (reinforcing) or negative (balancing) effects.
The right hand side of the diagram represents the dynamics of demand whereas that on
the left, the production and land use processes. Fuel demand, ceteris paribus, is affected and
increases with increasing population, Cars per capita and km per capita. In contrast, gasoline
demand should decrease as the fuel mix supplied to the market has an increased biofuel
content inline with regulation. Targets set by the European Union determine the desired
percentage of biofuels used in mix with conventional fuels (EU fuel mix) and hence the gap
between aimed and attained volumes of biofuel usage. Biofuels inventory and food inventory
are key factors whose variations regulate prices and the profitability for farmers, for
whom it is assumed that they operate as rational profit maximizers using land according
to foreseeable profits (left side part of diagram). It is expected that these inventories,
influence the timing of the observed effects of different policies. They act as buffers
between production and supply and absorb variations on both sides. An increase in
Biofuel demand depletes Biofuels inventory and causes Biofuel price to increase and
6

subsequently Biofuel crop land to increase. This increase in land dedicated to biomass
production takes place via Land transfer to biofuels with a corresponding decrease from the
expanses of Food crop land. The need for cultivable land is reinforced by the simultaneous
increase in population. Government and EU policies are represented through the variables
Incentives for biofuels and Biofuel technology and management capabilities. The former is a
direct policy instrument whereas the latter is an indirect one resulting in the funding of
related R & D projects. These two instruments are competing for resources and have
contrasting effects, as incentives increase land use whereas technology increases the yield
of the existing land.
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Figure 1 Causal Loop Diagram (CLD) for biofuel adoption in land transport

Based on the structure of the causal loop diagram as a representation of reality, a rapid
increase in biofuel production does imply a rapid increase in demand for land as it has
already been observed in many cases. The diagram suggests that the same pattern is
bound to continue in the future assuming if only first generation biofuels are available for
commercial use (Tzimas et al., 2004). According to some estimates, however, the situation
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will improve significantly with regard to land use when second generation biofuels
become commercially available (European Commission, 2006a; Charles, 2007). This is also
suggested by the structure of the causal loop diagram, as Biofuel technology and management
capability improves yields in Biofuel production thus covering the Biofuel demand with less
land area (Biofuel crop land). The development of the exact model described below and
its calibration and simulation provided more concrete arguments for these observations.

4.

Presentation Of The System Dynamics Model

The model constructed is based on the analysis of the biofuels issue summarized by
Sorensen (2007) and follows the logic of the causal loop diagram (Fig 1). In Figure 2 an
aggregate structure of the system dynamics model is shown. The two competing demand
on land described in the previous section have been integrated to an increasing EU
population. This affects the use of land for biofuel production (Biofuel demand), the land use
for grain production (Food demand), as well as the subsequent flow of land between the
two different uses. Note that the land flow, is bidirectional.
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Figure 2 Biofuel production and consumption stock and flow representation

The demand for food commodities is a function of population and European per capita
annual food demand, which is considered to be steady for the EU 15 inhabitants with
respect to quantity and diet mix (animal/grain based food). Superimposed on that is a
safety factor of 1.36, which is lower than the value of two cited in literature (Hoogwijk et
al., 2003; Wolf et al., 2003). The annual fuel demand for transport is calculated by
N*Scap*Veff*Vcap

(1)

where N is the population size, Scap (annual km covered per capita) is constant at 15,000
km, and cars per capita (Vcap), and average fuel consumption per car (Veff) follow linear
trends. The average fleet fuel consumption is assumed to decline with time. This
assumption is based on the existence of a voluntary agreement between the European
Union and the three associations of automotive manufacturers (ACEA, JAMA and
KAMA), which requires a gradual decrease in average vehicle emissions and as a result
average fuel consumption per car is expected to fall as well (European Commission, 2000;
2001c; 2002; 2003; 2004). The number of cars per capita is assumed to increase
approximately linearly up to 2006 with a value of 0.506 (the year for which data are
available). After that, a slower increase is assumed until 2050, where a value of 0.552 is
reached. This trend is modeled using data from European Automobile Manufacturers
Association (2007) and Eurostat (2007b). For the population (N), Eurostat data for the
period 1996 to 2007 were used, while for the following years, Eurostat projections were
adopted up to the year 2050 (Eurostat, 2007a). An assumption made is that there are no
significant barriers, social or otherwise, neither in 1 st generation biofuel adoption, nor in
the transition from 1st generation to 2nd generation biofuels (McCormick and Kaberger,
2007; Berndes and Hansson, 2007). As the yield in 1 st generation biomass conversion
technologies will remain relatively constant and 2 nd generation technologies are not yet
commercially available, the increase in the use of biofuels will be covered by converting
land used for grain production to biomass production (this assumption is relaxed later on).
A leverage point towards achieving this is financial incentives for farmers, in order to
create favourable market conditions for biomass. While, there is little evidence of
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homogenization of incentives and taxes in the EU (Steenberghen and Lopez, 2008), in the
model incentives are assumed to be uniformly implemented for all EU 15 countries, and
an average incentive scheme was implemented. This varies with time as shown in the
graph below (Figure 3).
Biofuel Incentives
2
1.5
1
0.5
0
1996 2004 2012 2020 2028 2036 2044

Figure 3 Magnitude of incentives offered for biomass production.

The magnitude of incentives is represented in the vertical axis. The value of 1 is the
reference level where free market competition conditions (prices of food vs biofuel) are
assumed. Incentives are assumed to increase until 2010 tilting the land transfer flow
towards biofuel use. The assumption underlying this pattern is that incentives are
temporary and as soon as biofuels are commercially viable, they will be reduced in order
to let the market operate undistorted. The total cultivable land for cereal production used
in the model was that of the EU 15 in 2000 (49,000,000 ha) (IEA, 2004). In the model, the
rate at which land shifts from one use to the other is determined by the Efficiency
differential between Biofuel agricultural efficiency and Food agricultural efficiency and the
difference between food commodities and biofuels prices. Prices are not taken to represent
some precise commodity value at the time the simulation starts (1996), but they represent
the aggregate relative economic value between food and biofuels as everyday consumer
products. The efficiency relationships for biofuel and food commodities are:
Biofuel agricultural efficiency Beff= Bprice*(K/Bland) * Bscale
Food agricultural efficiency Feff = (Fprice/F land)* Fscale

(2)
(3)

where B stands for biofuel and F for food. K is the magnitude of the incentives given to
biofuels (Figure 3). The subscript scale refers to the scale of the economic activity of the
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two variables (Biofuels and food) and is calculated by:
Fscale= Fland/Total land

(4)

Bscale= Bland/Total land

(5)

The efficiency differential Ediff is thus calculated from:
MAX(Feff, Beff)*MAX(Feff/Beff, Beff/Feff )*Land use change direction*Pdiff

(6)

where Land use change direction is a variable that operates as a switch allowing land
transfer to Food land when Feff is higher than Beff or to Biofuel land when Beff is higher. The
effect of the price difference Pdiff in (6) is calculated from:
MAX(Bprice, Fprice)*MAX(Bprice/Fprice, Fprice/Bprice)

(7)

The price for biofuels and food commodities is influenced by two variables: Sensitivity to
production and Sensitivity to coverage. Actual levels of biofuel and food commodities
inventories are assumed to take a month to be determined with sufficient accuracy. For
food, Sensitivity to production costs is assumed to have a low impact on price, as
productivity improvement is not included (though it exists it is rather small) in the model.
Hence, a worst case approach is adopted. For biofuel production, however, Biofuel
technology and management capability is one of the contributing factors for market diffusion
as alternative fuels. In the scenarios that were simulated, Biofuel technology and management
capability improves linearly with time. In the model, factors that affect biofuel production
include: Biofuel technology and management capability, Crop yield per ha (lt/ha), and Biofuel
crop land (ha). The productivity of biomass cultivation (Crop yield per ha) is assumed to take
the average value between that for bioethanol and that for biodiesel (IEA, 2004). This is so,
because the European passenger car fleet is approximately equally spread between cars
with diesel and gasoline engines (European Commission, 2006b). Therefore, it is assumed
that land expanses are equally allocated in order to cover biodiesel and bioethanol
demand.

The biomass yield improvement due to anticipated temperature or precipitation increase
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is not included in the model, despite the fact that it will have an effect (Parry et al., 2004).
As there is no consensus value for the annual biomass production, a range between 3700kg
and 5500kg per ha is used (Wolf et al, 2003; Gillard, 2002; Hall and House, 1995). In the
model, biofuel demand depletes Biofuel inventory and as a result the corresponding price
rises, the Biofuel agricultural efficiency increases, and additional land expanses are added to
biomass production. Demand for food increases with population and, subsequently, the
food commodities prices increase the Food agricultural efficiency. In initializing the model,
food inventory is assumed to be enough to cover demand for a year, assuming 1997
demand levels and surpluses are not taken into account as it has been done in other
studies (Wolf et al., 2003; Hoogwijk et al, 2003). Per capita annual food needs are assumed
to be constant in the EU (Gerbens–Leens and Nonhebel, 2002), and in the model they
range from 420 kg (Gillard, 2002) to 430 kg (Alexandratos and Haen, 1995) per capita per
year. For the purposes of the model it is assumed that the total cultivable land is not
affected by other physical phenomena, such as desertification which is considered to be a
problem at present (Lotze – Campen et al., 2005). The rate at which change of land use
takes place is given by:
LUC = Ediff * word of mouth

(8)

The word of mouth, operates bi-directionally in the model. The corresponding equation is:
Word of mouth = Bland*Flanf*I*A

(9)

where I is the interaction rate between farmers set to the value of 40 (a moderate value
assuming that farmers live and produce in small communities), A is the adoption
percentage, set to 20% and varying with incentives. It is assumed that oil supply has no
direct effect on the biofuel supply chain, despite the fact that, as oil prices rise, the level of
subsidies required to compensate the cost difference between biofuels and fossil fuels is
reduced (Ryan et al., 2006). The effect of oil prices on grain crops (corn and soybeans) is
also excluded (Nazlioglu, 2011).
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5.

Simulating Different Policies

Two simulation scenarios regarding the effect of incentives for biofuel production were
examined. In the first, implementing strong incentives, whereas in the second weak ones.
With regard to biofuel productivity, two cases were tested. First, a steady improvement in
Biofuel technology and management capabilities is tested and then 2nd generation biofuels are
assumed to become commercially available in 2020, increasing biomass productivity (see
table 1). Both cases were tested under both of the incentives-strength scenarios. Simulation
time was set to 54 years (1996-2050) to examine long term dynamics and related long term
policy making and strategies. The variables monitored were Biofuel price and Food price. In
every case the initial Biofuel price was set to twice that of Food price. Food crop yield per ha
was set to 4500kg/year (Hall and House, 1995), which was approximately the average of
the values provided by Gillard (2002) and Wolf et al. (2003).

Variable
Food crop yield
Food per capita (kg)
Incentive build up time
Incentive implementation year
Fallow land introduction
Biofuel management &
technology
Biofuel incentive magnitude

Range of values (units) - reference
3700 (kg/ha/year) - Gillard (2002)
4500 (kg/ha/year) - Hall and House (1995)
5500 (kg/ha/year) - Wolf et al. (2003)
420 (kg/year) - Gillard B., (2002)
430 (kg/year) - Alexandratos and de Haen (1995)
10 (years)
1997 - 2007
0 (ha) – 2e6 (hectares) - EU press release (2007)
1st generation, 1st initially & 2nd generation in 2020
0, 1(weak), 2 (strong)

Table 1 Range of variables used in scenarios and range of values tested.

5.1

The Dynamics Of Biofuel Prices

Figure 4 shows the average biofuel price as an index from the starting point in 1996, as
well as the maximum and minimum values for all possible scenarios and cases mentioned
above, for the entire range of crop yields and annual per capita food needs. The range of
possible values increases with time as the impact of those factors modeled begins to
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manifest (e.g., population, biofuel incentives). The incentives for biofuels reach their
maximum value in 2006 and this causes the slight upsurge in biofuel prices as incentives
affect land transfer in more than one ways. As a result, the shift of land use to biomass
production after 2006 is almost insignificant. What keeps biofuel prices from rising after
2006 is improvements in Biofuel technology and management.
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Figure 4 Variation of biofuel price for the range of simulations.
The duration of biofuel incentives (Figure 3) seems to make no significant difference in
biofuel prices. The range of values tested was five to ten years. Experiments with the
implementation time showed that the earlier the incentives start being developed, the
lower the prices attained in the long term as economies of scale become more influential.
In summary, the profile of biofuel price dynamics is similar to that of any new product
with high values near the time of its launch, and then gradually decreasing as economies
of scale develop. What is interesting however, is that the biofuel penetration targets as set
by the EU are not met in any of the scenarios and cases tested with an annual land yield
for food of 4500kg per hectare, as biofuel penetration does not exceed 3 %. Thus in order to
meet these targets EU countries have to rely on imports (Banse et al., 2011), an option that
was not included in the model.
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Figure 5 Percentage of biofuels in entire fuel market in EU 15 for the simulation period.

5.2 The Dynamics Of Food Commodities Prices
Figure 6 shows the variation of the average food commodities price as an index from the
starting point in 1996, as well as its maximum and minimum limits, for the range of
scenarios and cases considered. In every case, the simulation results indicate that food
commodity prices increase (as a result of biomass cultivation after 2008) as population and
biofuel incentives increased (Figure 3). Both increase simultaneously and reinforce the
demand for more land, which apparently is not available. Prices seem to decrease after
2030 when the population of EU 15 is projected to reach a maximum.
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Figure 6 Variation of food price for the range of simulations.
Simulations indicated that reducing the magnitude of incentives had an impact on food
commodity prices, more so than in the case of biofuels. The results are shown in Figure 7
for strong, weak and no incentives in place, with 4500kg/ha annual biomass production
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yield, and 420kg food per capita needs, with 1 st generation biofuel processing technology
only.
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Figure 7 Food prices under different biomass incentives.
As expected, strong incentives lead to higher food commodities prices as land is
transferred to biomass production. This land transfer does affect food stock coverage
which is high between 1996 and 2008 but begins to diminish afterwards affected by the
simultaneous increase in population. This result holds irrespective of whether second
generation biofuels are introduced in 2020, and for the whole range of crop yield values
and annual per capita food needs. Even with no incentives food prices still increase, due to
population increase and insufficient cultivable land for covering food demand. Thus the
removal of incentives on biofuels only works to delay food price increases, not to avoid
them just as in the case of Sandvik and Moxnes (2009).

The delayed introduction of incentives, does result in slightly lower food prices and
slightly higher biofuel prices. Examining the effect of longer development times (10 - 20
years) simulation results show again that delaying incentive development does result in
slightly lower food prices and higher biofuel prices. Delaying the introduction of
incentives by a decade, results in slightly lower food prices, considering only first
generation biofuels and keeping incentive development time at 10 years.

In order to test for the timing of a potential decision on relaxing land constraints,
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simulations were executed in which the assumption of fixed land area was relaxed.
Following bad crops and low agricultural product inventory levels, the European
Commission (2007) indicated that fallow land in the European Union 27 member states
should be put back into production to balance them. The total fallow land area is
approximately between 1.6 and 2.9 ha million in EU 15. In the model an addition of 2 ha
million to land used for grain cultivation in 2008 initially (a somewhat conservative value).
While this makes very little difference with regard to biofuel prices, it does have an effect
on food prices as shown in Figure 8 below.
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Figure 8 Food prices with fallow land brought into production.

The average food commodities price (without the fallow land been brought into
production) is shown with a thin line (as in Figure 6). This is almost 50% higher than the
peak average price achieved in the scenario with the fallow land incorporated into total
cultivable land. It seems that this should have a considerable effect towards keeping food
commodities prices in check. What makes it even more compelling is the timing. As
shown in Figure 9, when the same measures were adopted 5 years later, the food prices
peaked around 2014. More important though is the fact that after the peak prices remain
lower for the period 2020 - 2040.
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Figure 9 Food prices with fallow land brought into production.
Figure 9 brings into perspective the potential impact that imports from Third World
countries can have. These have the potential to lower prices, as in effect it is additional
land dedicated to food and biofuel production, but in effect they are akin to ‘shifting the
burden’ (Senge, 1990) to regions outside the EU. These countries are also faced with the
situation the model portrays having, with some important differences. For example, the
diet of inhabitants is more grain based than protein based and as a result food demand can
be covered with less cultivable land. Nevertheless, the cultivable land in each country is
finite, and this presents a stark choice: either to stop exports (a valuable source of income)
or to import food from abroad. It is plausible that in a highly interconnected world this
could ripple like a domino effect, as even the Third World countries that could cope with
domestic needs and export grain or biomass, might be faced with increased demand both
for food and biomass (Peters and Thielmann, 2008; Banse et al., 2011) and with increased
prices for these products from other countries. Clearly, this would make exports
financially more attractive, as local markets would shrink, since only a small percentage of
the population will be able to respond to even small increases in food commodities prices.
This was demonstrated in the case of corn in US and Mexico. An increase in demand for
corn in the US due to incentives for bioethanol production fueled tortiya prices in Mexico,
despite the fact that half of its cultivable land is used for corn. These phenomena are
recurring for an increasing range of agriculture products all around the world (Brown,
2007a; Brown, 2007b), particularly with those products that can be utilized directly in
biofuel production. Of course the possibility of cheap imports of agricultural products for
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countries where people cannot afford anything else but basic food provisions exists. This
should abate the domino effect.

But there is an inherent limit here as well, that of agricultural production per se. In these
countries usually agricultural cost is already low. Consequently, grain production is
nowhere else cheaper than in these places and thus there is nowhere to import cheap grain
from. Therefore policies that are designed for the purpose of securing energy supply
might not be actually deliver high social or environmental benefits at the countries of
implementation, and abroad, without regulating the operation of the entire supply chain
(van der Horst, Vermeylen, 2011). This leads to a direction for further research, i.e. to
expand and refine the analysis and the model to incorporate explicitly the dynamic
between developing and developed countries, involving biomass and grain production
and their trade. Such a model would enable a more elaborate study on the global effects of
biofuel promotion policies on food supplies.

6.

Conclusions

There has been a lot of speculation on the pros and cons of biofuels as an alternative
energy source for both industrial and domestic use. Biofuels have been considered as an
answer to both energy source scarcity, as well as to controlling CO 2 emissions, especially
those of the transportation sector (air, sea, land). Hence they are thought to contribute to a
more sustainable transportation sector. However, it seems and is argued accordingly that
the benefits from the wide adoption of biofuels, at least at the current stage, do not come
without a cost. Concerns on the effect they have on the production of agricultural products
for food have been expressed, in some cases they became apparent, thus moderating the
initial overstated enthusiasm towards biofuels. In this paper, a systems dynamics
approach is applied to explore the issue, the underlying mechanisms, and assess the long
term interaction between the biofuels used in transportation and food commodities
production and consumption systems, under specific policy implementations.
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Overall, simulations of the model have showed that beyond a certain point promoting
biomass production for first generation biofuel production is risky on regional (and this
would be expected to apply in any region) as far as food availability for low income
population is considered. The use of the model showed that policies aimed at restraining
the conversion rate at which land, (fallow, already in use, or from deforestation) is put to
use for biomass production should be put in place, if food commodities prices are to be
kept at reasonable levels. Policies that allow fallow land to be used for any purpose are not
effective because they simply result in more land being used for biomass production. As it
has been estimated that until 2050 the EU population will stabilize and start to decline
(Eurostat, 2008), the pressure on natural resources and population should be eased.

The danger from unconstrained expansion of biofuel production lies in the fact that the EU
is not self-sufficient and imports from Third World countries are necessary. Clearly, this is
bound to widen the gap between developed and developing countries, if the same policies
remain in place. Those that can afford biofuels for their car are already in a financial
situation where they can afford food, but it is a different story in Third World countries,
where food availability will become a bigger problem with rising prices, a phenomenon
already observed in certain countries. This implies that energy policy in the EU is tide to
its foreign policy. Under a more distributed and pluralistic governance mode that
includes the interests of non governmental organizations for the environment and dealing
with humanitarian issues of the Third World, it is expected that EU policies towards
biofuels will take into account their effects on the Third World countries because in a
highly interconnected world there is ‘no such thing as sustainability in one country’
(Dresner, 2008, p 90). The situation is exacerbated as most of the 82 low- income countries
with food deficits are also net oil importers (Senauer,2008)

As far as the methodological constraints of the study are concerned there are certain
limitations worth considering. Oil prices are not incorporated in any way in the model, but
they have an effect, on biofuel prices as they have on food. A more thorough investigation
of the questions addressed in this article should disaggregate the model into regions
20

(Gielen, 2003) as they are in EU 15. Including the 12 new member states that have strong
agricultural sectors would enable to see whether this would alter the dynamics of the
model. An interesting extension would the incorporation of costs that would enable the
calculation of the cost of reduction in CO 2 emissions using biofuels and contrasting this
with other options.
7.
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