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A B S T R A C T

Biofuel feedstock production can be a significant driver of landscape modification, ecosystem change and bio-
diversity loss. There is growing body of literature that shows how biofuel landscapes provide various ecosystem
services (e.g., feedstock for fuel, carbon sequestration) and compromise other ecosystem services (e.g., food,
freshwater services). These effects are context-specific and depend largely on prior land use conditions and
feedstock production practices. Changes in the flow of ecosystem services due to the conversion of natural and
agricultural areas can have ripple effects on human wellbeing. Despite some recent attempts to apply to biofuel
settings concepts and methods rooted in the ecosystem services literature, this is the exception rather than the
rule within both the biofuel and the ecosystem services research communities. This paper synthesizes the current
knowledge about the impact of biofuels on ecosystem services. It focuses especially on the feedstock production
phase and outlines the main mechanisms through which landscape conversion affects the provisions of eco-
system services. It proposes conceptually coherent indicators to reflect these mechanisms and offers a critical
discussion of key issues at the interface of biofuels and ecosystem services.

1. Introduction

The sustainability impacts of biofuels depend on the cultivation and
harvesting of the biofuel crops (referred to as feedstock in this paper).
Knowledge syntheses conducted by the Scientific Committee on
Problems of the Environment (SCOPE) have outlined some of these
diverse social, economic, and environmental impacts around the world
[1]. Studies have analyzed the potential conflicts of biofuel production
with food production and food security [2,3], while others have ad-
dressed concerns over land-grabbing [4,5]. Impacts related to defor-
estation, biodiversity loss and Greenhouse Gas (GHG) emissions, in-
cluding those from direct and indirect land use and cover change
(LUCC), have also been prevalent [6–8]. While most studies have fo-
cused on negative impacts, there is a growing body of literature out-
lining possible positive impacts on energy security, economic devel-
opment and climate change mitigation among others [9–15]. Given the

diversity of these sustainability impacts, it is challenging to develop a
unified framework for biofuel impact assessment and knowledge
synthesis [16] [20].

Some recent studies have applied concepts and methods rooted on
ecosystem services to synthesise the current knowledge and identify the
impacts/trade-offs of biofuel production (see below). The basic premise
of the ecosystem services perspective is that ecosystems provide directly
and indirectly various benefits to humans (i.e. ecosystem services)
[17–19]. For biofuel systems these trade-offs can relate to provisioning
ecosystem services (e.g. fuel, food), regulating services (e.g. carbon
sequestration, water purification) and cultural services (e.g. religious
values) [17,18].

Changes and trade-offs in the flow of these ecosystem services can
have important ramifications for human wellbeing (Fig. 1), whether
positive or negative [17,18]. Yet there are multiple ways to catalyze
these changes in ecosystem services. For example they can be directly
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induced by multiple mechanisms related to land use change, resource
overexploitation or pollution (i.e. direct drivers of ecosystem change)
(Fig. 1) or indirect drivers of change such as institutions, technological
change and changes in consumption patters.

As it becomes obvious the ecosystem services perspective is parti-
cularly strong in making links between ecosystems and humans.
However apart from this systematic perspective it has some core ele-
ments such as the ability to (a) consider multiple scales, (b) link eco-
system services to different beneficiaries and (c) explicitly identify and
consider trade-offs and synergies between ecosystem services (d) ac-
knowledge that different values can be ascribed to ecosystem services
[21–24].

This systematic view of the linkages between ecosystems, human
activity and human wellbeing can offer an invaluable lens for studying
the sustainability of biofuel systems. Further to helping elicit biofuel
impacts and trade-offs, an ecosystem services perspective can bring into
the equation the different beneficiaries of these ecosystem services and

the institutions that govern biofuel production, use and trade.
Recently some studies have adopted an ecosystem services per-

spective to show how biofuel landscapes can provide various ecosystem
services (e.g., fuel, climate regulation) but also compromise a range of
provisioning, cultural and regulating services [25–28]. For example,
empirical studies have adopted methods and tools rooted on ecosystem
services to assess biofuel impacts in the US [29–33], Africa [34,35] and
the EU [36,37]. Yet, studies at the interface of biofuels and ecosystem
services still remain the exception rather than the rule within both the
biofuel and the ecosystem services research communities [38].

Actually, there are significant research gaps at the interface of
biofuels and ecosystem services that must be bridged if the ecosystem
services perspective is to be successfully applied to study biofuel sys-
tems [16,38]. For example, throughout the process of developing this
Special Issue we identified a critical lack of literature that systematizes
the mechanisms through which biofuel systems either compromise or
provide ecosystem services. Furthermore there is a lack of indicators
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Fig. 1. The Millennium Ecosystem Assessment (MA) conceptual framework adapted for biofuel production and use. Adapted from Refs. [17,25].
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