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Foreword

Foreword

The world is on the brink of a confounding crisis, which is brought about by a cumulating
cascade of factors such as rapid changes in our natural climatic conditions, environmental
degradation brought about by unsustainable production and consumption practices,
depletion of environmental and biological resources, and a sharp decline in various
indicators of well-being. While noting that it is our actions and, often times, inactions
that have precipitated these impending crises, it is imperative that we the citizens of our
planet should quickly come up with effective measures to mitigate the consequences
and adapt to the changes in our natural ecosystems. This would require us to pay more
attention to the enhancement and maintenance of natural resources and processes as well-
functioning ecosystems with the diversity of resources contained therein so as to enable
sustainable production, consumption, and related livelihood activities. Obviously, this would
require inputs from various scientific, technological, and allied academic fields in terms of
innovations and radically new ideas; from business communities by fostering best practices
in the use and disposal of resources and transactions with others in the supply chain; from
civil society in fostering responsible stewardship of natural resources and social concerns;
and, from governments in terms of development and implementation of appropriate policies
that are sensitive to the needs of the diverse sections of the society they govern. And the
implications of actions by the various stakeholders need to be analysed in a timely, and,
often, anticipatory manner, in order to draw attention to benefits and concerns related to
decisions made at different levels.

In this context, | am pleased to state that the United Nations University Institute of Advanced
Studies (UNU-IAS) has been actively contributing to advancing awareness of various concerns
related to biodiversity and ecosystems among a variety of stakeholders. Our research has
straddled areas in the interface between the natural world, human aspirations, and well-
being consequences. We have focused especially on the notion of fostering equitable
transactions between different stakeholders over the years.

This year, we are launching several new publications that are of particular relevance to
the Conference of Parties (COP) to the Convention on Biological Diversity (CBD). The
publications examine a diverse set of topics that include, among others, the effectiveness
of implementation of national biodiversity strategies by different countries; the governance
and management of bio-cultural landscapes such as satoyama and satoumi; the status of
biodiversity in the South East Asian region; the impact of emerging biofuel technologies to
the provision of ecosystems services; scoping the role of urban centres in green development;
and underscoring the need for bridging epistemological divides between modern and
traditional world views in securing development goals and conservation priorities — all of
which are topics that are of keen import to the CBD's objectives as well as to the broader
sustainable development agenda. | expect each of these publications will provide a basis to
inform discussions and facilitate designing of implementable policies in their related areas.

I would like to take this opportunity to thank our partners and collaborators for their support
in our research and capacity development activities. There are several expectations from the
outcomes of this COP, and we hope to continue our work in the future informing and
providing relevant inputs to policy-makers, academics, and practitioners alike.

Govindan Parayil
Director, UNU-IAS
September 2010
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Executive Summary

Executive Summary

Ecosystem services are the benefits people obtain from ecosystems. Biofuels can provide
a number of ecosystem services (e.g. fuel, climate regulation) but also compromise other
ecosystem services (e.g. food, freshwater services) and biodiversity which are of paramount
value for human well-being. However, knowledge about the effect of biofuels on ecosystem
services and biodiversity is fragmented and in some cases is still only emerging. Moreover,
the effect depends on several interconnected factors.

This report collects and critically discusses the existing literature regarding the drivers,
impacts, and trade-offs involved in biofuel production. In particular, the ecosystem services
concept can be used to rationalise and put into perspective the existing evidence about
biofuels’ impact on ecosystems as it has been identified by diverse academic disciplines.

By employing the classification of ecosystem services popularised by the Millennium
Ecosystem Assessment (MA), it is shown how biofuel production both provides and
compromises ecosystem services over its life cycle. At the same time, it is shown that biofuels
can negatively affect biodiversity. In fact, biofuel expansion in certain areas of the world,
such as Indonesia and Brazil, is being considered as one of the main emerging threats to
biodiversity.

With these findings in mind, this report concludes by discussing certain response options that
can be further developed to enhance the long-term sustainability of biofuels by minimising
their impact on ecosystem services and biodiversity. The key responses discussed include the
use of degraded land for the production of biofuel feedstock, the adoption of improved
management practices, the development of designer landscapes, and the adoption of
innovative schemes such as Payment for Ecosystem Services (PES), Reduction of Emissions
from Deforestation and Degradation (REDD), and biofuel certification.
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1. Introduction

Energy demand is set to increase significantly in the coming decades, especially as a
conseqguence of rapid economic development in the developing world (IEA, 2009). Scarcity
of readily available fossil fuels, their uneven geographical distribution as well as geopolitical
factors can severely affect national economies and international markets. Meanwhile, fossil
fuel combustion is the single most important driver of human-induced climate change
(IPCC, 2007). Consequently, energy security, economic development, and environmental
protection have become three recurrent and closely intertwined themes in policy discussions
globally. Due to such concerns, the development of copious amounts of cheap, renewable,
evenly distributed, and environmentally friendly energy has become a central element of
several national energy strategies.

Possibly the most controversial of such energy sources is first generation biofuels used as
liquid fuel for transportation, which is the focus of this report (e.g. biodiesel and bioethanol
derived from the seed, grain or whole plant of crops usually used for food such as corn,
sugar cane, and oil palm)'. Certain biofuel practices can be net energy suppliers (Hill,
et al., 2006; Menichetti and Otto, 2009), environmentally friendly (Zah, et al., 2008),
and socioeconomically beneficial (Arndt, et al., 2010; FAO, 2009). On the other hand,
interestingly, there is also significant evidence that biofuels not only provide a number of
ecosystem services? but that they also compromise other ecosystem services such as food
(Fischer, et al., 2009) and freshwater services (SCOPE, 2009), and affect negatively the climate
(Fargione, et al., 2008), biodiversity (Fitzherbert, et al., 2008), and food prices (Fischer, et al.,
2009; Mitchell, 2008). Furthermore, biofuel production can sometimes deprive livelihood
options for the poorer strata of society (Cotula, et al., 2008). However, this knowledge is
fragmented and data is still rudimentary largely due to the fact that most existing biofuel
programs are still only in their infancy.

Liquid biofuel production has increased by a factor of 5 since the early 1990s (refer to
Figure 1). First generation biofuel production will expand significantly in developing nations
in the short to medium term (OECD-FAO, 2010), including South East Asia (Olz and
Beerepoot, 2010). It has been suggested that biofuels need to be net energy providers,
environmentally sustainable, economically competitive, not compete with food production
and be socially beneficial if they are to make a positive contribution to society and the
environment (Hill, et al. 2006, Rist, et al., 2009). However, whether biofuel production can
have a negative or positive impact on the environment and human well-being depends on
a multitude of factors ranging from the production technologies and processes adopted,
to the characteristics of the surrounding ecosystems, and the policies that govern biofuel
production and trade. Consequently, it is far from trivial to assess the net social and
environmental costs and benefits associated with biofuel production.

! Second generation biofuels can be produced from plant material rich in lignocellulose such as wheat straw, corn
stover, Miscanthus, switchgrass and woodchips among others.
2 Ecosystem services are broadly defined as the “...benefits people obtain from ecosystems” (MA, 2005: 27)
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Figure 1: Production of Liquid Biofuels Globally, 1992-2007
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Given this context, the aim of this report is to provide an overview of the current literature
with respect to the impact that biofuel production has on ecosystem services and biodiversity.
In particular, this report seeks to provide:

+ A consistent review of the impacts of first generation biofuels on ecosystem services and
biodiversity

+ An overview of the options available for mitigating the impact of biofuel production on
ecosystem services and biodiversity

It should be noted that there is an abundant literature on the impacts of biofuels, spanning
several academic disciplines and spatial scales. Additionally, there are several biofuel
production practices which can have radically different impacts across different spatial scales.
Consequently, this report does not attempt to provide an exhaustive review of the literature
but rather highlights the main impacts of biofuel on ecosystem services and biodiversity,
which have important consequences for human well-being at the local, regional, and global
scale.

Section 2 introduces the Millennium Ecosystem Assessment (MA) framework as applied
to biofuel production. Section 3 provides an overview of the direct and indirect drivers
to ecosystem change and biodiversity loss as related to biofuels. Section 4 reviews the
literature on the impacts of biofuels on ecosystems services, while section 5 reviews the
impacts on biodiversity. In section 6, different response options which can be deployed to
enhance the sustainability of biofuels are recommended, followed by concluding remarks

in the last section.

3 Currently, most of the published material is relevant to corn bioethanol in the US, sugar cane bioethanol in Brazil,
and oil palm biodiesel in Indonesia/Malaysia. This literature forms the backbone of this review but significant
evidence from other areas/feedstocks is increasingly being published and collected in this review.
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2. The MA Framework as Applied to Biofuels

Using the ecosystem services approach when discussing the trade-offs involved in biofuel
production offers several advantages. First of all, the ecosystem services concept explicitly
bridges ecosystem impact and human well-being, which are two key components of the
biofuel debate brought forward by proponents and critics of biofuels alike. Hence, this
conceptual framework can help to highlight the many values of natural capital, as well as the
social costs and benefits associated with biofuel expansion. Moreover, the ecosystem services
concept has gained popularity in the academic community (Fisher, et al., 2009), and most
importantly, has gained understanding and high-level acceptance among policy-makers. For
example, the concept has been adopted by the United Nations Convention of Biological
Diversity (CBD)?*, a multilateral environmental agreement. Hence the MA framework is in a
unique position to become a standardised analytical framework for sustainability analysis of
biofuels, agreeable and understood by multiple stakeholders (Stromberg, et al. 2009). It is
the authors’ hope that this will be helpful to further the knowledge and response options
across stakeholders with vastly different incentives and approaches toward biofuels.

Figure 2: MA Conceptual Framework related to Biofuel Production (adapted from
MA, 2005)
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41t is interesting to note that biofuels are also high in CBD’s agenda (e.g. refer to CBD COP 9 decision Number 2
at <http://Awww.cbd.int/decisions/cop/?m=cop-09>), or the agenda for CBD COP 10, at <http://www.cbd.int/doc/
meetings/cop/cop-10/official/cop-10-01-en.pdf>.
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Figure 2 is an adaptation of the MA conceptual framework and illustrates how this report
will approach the review of the academic literature. Sections 3-5 describe how industrialised
and developing countries (e.g. Europe, US, Philippines and Indonesia) have engaged in
biofuel expansion as a way to meet their various policy targets such as securing a reliable
supply of transport fuel and what the impacts on ecosystem services and biodiversity have
been. For example, apart from generating fuel, a provisioning service, biofuel production can
have negative effects on other ecosystem services such as food due to the rise in demand
of food crops for bioethanol/biodiesel production. Such effects on ecosystem services can
in turn affect positively or negatively on human well-being and poverty reduction (top left
square).

Figure 3: Interlinkages of Biofuel Production, Ecosystem Services, and Human Well-
being (adapted from MA, 2005)
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Figure 3 depicts in a tentative way the linkages between ecosystem services and human
well-being in the context of biofuel production. For example, biofuel expansion may
increase access to fuel but also reduce access to food, hence affecting both security and
basic materials supporting livelihoods. Lastly, strategies and interventions such as land use
planning can enhance the ecosystem and social benefits resulting from the linkages among
the four squares of Figure 1. Examples of such response measures are given in section 6.
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3. Drivers to Ecosystem and Biodiversity Loss related to Biofuels

Commonly cited policy drivers for large-scale biofuel production are energy security, climate
change mitigation, foreign exchange savings, and rural development, which represent very
different underlying policy motivations and incentives (Yan and Lin, 2009). Energy security
has often been the overarching driver (e.g. in China, India, Brazil, USA, EU), while in other
cases, trade balance and rural development have played much more significant roles,
e.g. sub-Saharan nations (Jumbe, et al., 2009; Bekunda, et al., 2009). Climate change
mitigation has been a significant driving force in some developed nations (e.g. EU) but have
only marginally, if at all, influenced developing nations to switch towards greater biofuel
production (e.g. Zhou and Thomson, 2009)°.

Biofuel production® and use can impact ecosystems during each stage of their life cycle’.
The different processes adopted at each of these stages can impact ecosystem services/
human well-being in differing degrees and can make the difference on whether biofuel
production/use can be sustainable in the long-term. The key indirect and direct drivers of
biofuels’ production impact on ecosystem change are collected in Table 1.

Table 1: Key Direct and Indirect Drivers of Biofuels’ Production Impact on Ecosystem
Change and Biodiversity

Indirect Drivers Direct Drivers

Energy security concerns (mainly at the Land use and cover change (LUCC)
regional and local level)

Air and water pollution
Economic concerns (mainly at the regional

and local level) Intensification of agricultural activity (e.g.
-Rural development fertilisers and agrochemical use)

-Savings in foreign exchange

-Export potential Introduction of invasive alien species
Climate mitigation (mainly at the global Biofuel production/combustion technology
level)

> One of the potential reasons is the fact that developing nations have been included in Annex A of the United
Nations Framework Convention on Climate Change (UNFCCC) and as a result they are not currently bound to
reduce their GHG emissions by the Kyoto Protocol.

® First generation biofuel feedstock production is essentially an agricultural activity which is in most cases based
on monocultures.

7 The main stages of the biofuel life cycle include feedstock production, feedstock transport, biofuel production,
biofuel distribution/storage/dispensing, and biofuel combustion (Hess, et al., 2009; Delucchi, 2006).
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4. Impacts of Biofuel Production on Ecosystem Services

This section presents how biofuel production can affect provisioning, regulating, and cultural
services®. The evidence presented encompasses the impacts of several feedstocks (e.g. corn,
sugar cane, oil palm, and jatropha) in several areas around the world.

4.1 Provisioning Services
4.1.1 Fuel

Liquid biofuels are currently mainly used as additives in conventional transport fuels, but in
some cases, they are substituting conventional transport fuel altogether (IEA, 2004)°. The
two most common forms of liquid biofuels are bioethanol and biodiesel™. Brazil has been
a leader in the introduction of biofuels (sugar cane ethanol) in the transport sector since
the mid-1970s and its pro-Alcool programme. For several reasons, the Brazilian experiment
is deemed as an economic/energy security success'' (e.g. Abramovay, 2008; Fischer, et
al., 2009), and other countries are trying to copy Brazil's success. Currently, a number of
countries across the world have mandated different proportions of biofuels to be mixed in
as transport fuel (Table 2).

Table 2: Biofuel Mandates for Different Countries

Country  Mandate

EU 5.75% of transport fuel by 2010, 10% by 2020

USA 7.5 billion gallons by 2012, 36 billion by 2022

Brazil 20-25% anhydrous ethanol for gasoline;
3% biodiesel for diesel fuel 2008 rising to 5% by the end of 2010

China 15% of transport fuel by 2020

India Proposed blending mandates of 5-10 per cent of ethanol and 20 per cent
of biodiesel

Canada 5% of gasoline by 2010; 2% biodiesel for diesel fuel and heating oil by
2012

Source: Rudaheranwa, 2009.

8 This report does not address the effect of biofuels on supporting services as the academic literature has yet to
address this topic sufficiently.

9 Biofuels can also be used and for other purposes such as rural electrification (FAO, 2009a)

1% n some cases, pure vegetable oil can be used as a fuel for transport, cooking, and power generation. Given that
vegetable oil is the raw material for biodiesel production, the literature regarding the impacts of vegetable oil
production as a fuel is discussed alongside the literature for biodiesel.

It goes without saying that sugar cane ethanol production in Brazil has also significant negative impacts.
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Bioethanol can be obtained from the fermentation of sugar or starch rich crops such as corn,
sugar cane, cassava, sugar beet, wheat, and molasses (Fischer, et al., 2009). Bioethanol is
by far the most widely produced biofuel globally, with most of it being produced in the
US (from corn), Brazil (from sugar cane), China (from corn) and India (from molasses) (IEA,
2010).

Biodiesel is produced through the transesterification of animal and vegetable fats (Fischer,
et al., 2009) most commonly derived from rapeseed, soybeans, sunflower seed, palm oil,
and jatropha. Numerous other oilseeds are currently used or assessed as biodiesel feedstock.
Currently, the biggest producer and consumer of biodiesel is the EU (mainly from rapeseed)
while emerging players are Brazil (from soybeans) and Malaysia/Indonesia (from palm oil).
There is also considerable attention to produce biodiesel from jatropha in India, China, and
several Sub-Saharan nations. Jatropha’s ability to be cultivated in marginal lands using little
amounts of water has the potential to ease the direct competition with food production
(e.g. Achten, et al., 2008; Sano, et al., forthcoming).

As mentioned in the introduction, a key consideration regarding the viability of biofuels is
whether they provide net energy gains, as compared with conventional fossil fuels (Hill, et
al., 2006). The amount of non-renewable energy used during the whole life cycle of the
biofuel is considered a key indicator of the biofuel’s viability, and Life Cycle Analysis' (LCA)
has been identified as the most adequate tool to assess such issues (e.g. Menichetti and
Otto, 2009; Hill, et al., 2006; Zah, et al., 2007).

One LCA meta-analysis, conducted by Menichetti and Otto (2009), found that most first
generation biofuel production practices are net energy providers albeit to differing degrees,
refer to Tables 3-4. Another meta-analysis conducted by de Vries, et al. (2010) found that
biofuel production from sugar cane (bioethanol), sweet sorghum (bioethanol), and oil palm
(biodiesel) provided significant energy gain compared to standard transport fuels. Biofuel
from sugar beet (bioethanol), cassava (bioethanol), rapeseed (biodiesel), and soybean
(biodiesel) had the next highest energy gains, but biofuel from corn (bioethanol) and
wheat (bioethanol) showed the least energy gain (ibid). Finally, a comparative LCA study
has ranked different biodiesel production chains according to their use of non-renewable
energy (Panichelli, et al., 2009). The order in decreasing energy consumption is soybean
(Argentina), soybean (Brazil), rapeseed (EU), rapeseed (Switzerland), palm oil (Malaysia),
and soybeans (USA).

12| CA results are sensitive to the allocation methods used among several other unresolved methodological
issues.
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Table 3: Fossil Energy and GHG Improvement for Bioethanol Production

Feedstock

Corn
Corn

Corn
Corn
Corn
Corn

Corn

Wheat
Wheat
Wheat
Wheat

Wheat
Wheat
Sugar cane
Sugar cane
Sugar cane
Sugar cane

Sugar cane

Sugar cane
Sugar cane
Sugarbeet
Sugarbeet
Sugarbeet
Sugarbeet
Sugarbeet

Source: (Menichetti and Otto, 2009)

Country

USA
USA

USA
USA
USA
USA

USA, China
Various
Various
Europe
Canada

Spain
France
Brazil,Africa
Brazil
Europe
USA

Brazil, USA

Brazil

Brazil, China
Europe
France
Various
China
Switzerland

Fossil Energy
Improvement

34%; 16%
68%

33-64%
36% (30-70%)
26%

39%

37%
16-85%
61%
42% (22-115%)
61%

42%
57%
90%
>90%
>90-100%+
86%

78%

91%
89%
48% (24-73%)
58%

58%

73%
85%

GHG
Improvement
13% ; -2%
20% (-47% ;
+58%)
-5% ; 30%

19% (-3% ;
+52%)
-4%

35%

18%
18-90%
64%
32%
48%

78%
60%
>100%
85-90%
-87%
84%

>70%

86%

85%
48% (32-65%)
61%
51%
65%
40%

Reference

(Farrell, et al., 2006)

(Grood and Heywood,
2007)

(Unnasch and Pont,
2007)

(Wang, et al., 2007)

(De Oliveira, et al.,
2005)

(Shapouri, et al.,
2002)

(Zah, et al., 2007)
(Quirin, et al., 2004)
(Elsayed, et al., 2003)
(Edwards, et al., 2007)
(

S&T Consultants,
2006)

(Lechon, et al., 2005)
(Ecobilan, 2002)
(DeCastro, 2007)
(Smeets, et al., 2006)
(Edwards, et al., 2007)

(Unnasch and Pont,
2007)

(De Oliveira, et al.,
2005)

(Macedo, et al., 2004)
(Zah, et al., 2007)
(Edwards, et al., 2007)
(Ecobilan, 2002)
(Elsayed, et al., 2003)
(Zah, et al., 2007)

(Gnansounou and
Dauriat, 2004)
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Table 4: Fossil Energy and GHG Improvement for Biodiesel Production

Feedstock

Rapeseed
Rapeseed

Rapeseed
Rapeseed
Rapeseed
Rapeseed

Rapeseed
Soybean
Soybean

Soybean
Soybean
Soybean
Soybean

Sunflower
seed

Sunflower
seed

Sunflower
seed

Sunflower
seed

Palm oil
Palm oil
Palm oil
Canola
Soybean
Sunflower

seed

Sunflower
seed

Jatropha

Country

Various
Belgium,
Germany
Europe, Brazil
Spain

France
Europe

Various
Brazil, Africa

Europe, N.
America

Various
Europe, Brazil
Brazil

USA

Various

Europe, Brazil
Spain

France
Thailsnd,
Spain
Malaysia,

China
Indonesia,

Malaysia

South Africa
South Africa
South Africa
South Africa

West Africa

Source: (Menichetti and Otto, 2009)

Fossil Energy
Improvement

65%
55%

56-61%
79%
80%
43%

46-54%

NA
-70%

>100%
67 %I
27%
40%

72-139%
67%
76%
83%
64%
64%
NA
NA
NA
NA

NA

NA

GHG
Improvement
53%
45%

41-47%
56%
80%

55% (30-85%)

64%
53-78%
45-75%

68-110%

67%

-17%

40%

35-110%

67%

66%

83%

40%

70%

80%

25%
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(Stephenson, et al.,
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(Stephenson, et al.,
2010)

(Stephenson, et al.,
2010)

(Stephenson, et al.,
2010)

(Ndong, et al., 2009)
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Straight jatropha oil can be used directly as a fuel without prior processing. LCAs on the
production and use of straight jatropha oil as a biofuel have shown significant net energy
gains when compared with conventional fuels (e.g. Gmunder, et al., 2010). However, it is
generally accepted that it is not as energy efficient when compared to jatropha biodiesel,
and it can cause malfunction in the combustion engine. For jatropha biodiesel, LCA has
shown that this production chain is generally a net energy provider with the biodiesel
production stage (transesterification) being the most energy demanding stage (Achten, et
al., 2008; Reinhardt, et al., 2007).

These findings suggest that first generation biofuels can be a feasible energy option in
the short-to-medium term, and as such contribute positively to energy security. Brazil is
a prime example with large-scale biofuel production contributing a significant fraction of
all the transport fuel consumed in the country. In 2008, almost 21% of the transport fuel
consumed in the transport sector came from biofuels and was equivalent to 12 million tons
of oil equivalent (IEA, 2010). Biofuels have penetrated the transport sector and in European
countries, but to a lesser degree than Brazil (refer to Table 5).

Table 5: Biofuel Penetration in Selected European Countries

(biofuel over energy content in fuels, 2009). Biofuel Use in
Country Transport
Germany 7.88 %
Spain 7.26 %
France 6.25 %
Sweden 52 %
Netherlands 3.88 %
taly 4%
Great Britain 2.8 %

Source: Al-Riffai, et al. (2010)

Access to liquid biofuel for rural households can also contribute to energy security in the
household level and have a ripple effect on poverty alleviation. There are numerous examples
where small-scale biofuel projects (e.g. for rural electrification) have contributed positively
to the energy security of remote areas (FAO, 2009).
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Box 1: Rural Electrification in Mali

FAO (2009) provides several examples of the environmental and social benefits that accrue from
small-scale biofuel production. Such a case is rural electrification from jatropha vegetable oil (JVO)
in Mali.

Trials of a small-scale pilot power plant that utilises JVO and diesel were performed in the Garalo
commune in Mali. This small-scale project was initially launched with 5% JVO and 95% diesel in
2009 with plans of switching to 100% JVO by 2013. The trial was a success with almost 700 farmers
and electricity subscribers currently getting electricity in rural Mali whose 99% rural population
does not have adequate access to energy, including electricity. The feedstock was grown in the
region’s 326 ha of land previously used to grow cotton. Once scaled up, the area used to grow
jatropha will approximately be 10,000 ha.

Apart from providing inexpensive and renewable energy, the project revealed several other co-
benefits:

*  Human Capital
The farmers obtained new knowledge regarding the jatropha supply chain and profit means
from making the switch to jatropha cultivation. The project also gave an opportunity for the
creation of small business.

* Natural Capital
Non-irrigated jatropha plantations have substituted irrigated cotton plantations. This shift has
resulted in reduced water demand for agricultural activities.

* Social Capital
Co-operatives have been set-up in the area, allowing the farmers to strengthen their social
relationships. Constant access to electricity has also increased social activities and security due
to street lighting.

* Physical Capital
This project is one of the few integrated agriculture-energy projects in the region. The farmers
consider electricity as a key infrastructure that will improve their livelihood in the future.

* Financial Capital
The farmers that were hit during the cotton crisis have found a new source of capital through
this new income generating activity. These farmers are now supplying a part of the local energy
demand and as a result, they have a secure source of income.
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However, given that current biofuel production practices (particularly for large-scale
production) still rely greatly on fossil fuels for fertilisers, agrochemicals, electricity in biofuel
plants, the long-term viability of biofuels following the current production practices and
technologies is debatable.™

4.1.2 Food

Food crops are the most commonly used feedstocks for first generation biofuel. They can
be staple crops (e.g. corn, wheat), or key vegetable oils (e.g. palm oil) while others, such
as sugar cane and soybeans are important inputs to the food industry. Consequently, it has
been suggested that greater biofuel production can compete with food production both
directly (e.g. food crops diverted for biofuel production) and indirectly (e.g. competition for
land and agricultural labour).

Fischer, et al. (2009) calculated that in 2007, 1.6% of the cultivated land globally was being
used for biofuel feedstock production. When disaggregated, approximately 5.0%, 3.1%,
and 2.4% of the cultivated area in North America, South America, and Europe respectively
were appropriated for biofuel production (ibid). Simulations conducted by the same authors
suggest that if the current 2020 biofuel mandates are to be met, biofuel production from
cereals will significantly disrupt the production of food and feed particularly in developing
nations. For this fear, some countries have prohibited the use of food crops for biofuel
purposes. Hence, India has prohibited the use of edible crops for the production of biofuels,
and instead use molasses and jatropha. Similarly, the main feedstock for production of
bioethanol in China is low quality corn that is taken from the stockpiles, rather than high
quality corn that is allocated for consumption purposes.

Biofuel production can also compete with other provisioning ecosystem services such as
fiber and timber. For example, in India, jatropha plantations established on communal land
have displaced part of the poor’s household needs for food, fuel wood, fodder, and timber
among others. In developing countries, such products commonly constitute the household’s
largest source of income, larger than cash crops and informal cash incomes, and can range
from 20-40% or more of the total household income (Cavendish, 2000; Rajagopal, 2008;
Dovie, 2003; Paumgarten and Shackleton, 2003).

The manifestation of the food-biofuel competition is the increase in food prices. Even though
the exact mechanisms of how biofuels affect food prices cannot be easily delineated, it is
believed that biofuel subsidies in developed countries, globalised trade, speculation and
high fossil fuel prices play a significant role (Runge and Senauer, 2008; RFA, 2008; Mitchell,
2008). Various sources have estimated that biofuels might have contributed up to 30% of
the weighted average increase in cereal prices from 2000-2007". Figures 4 and 5 illustrate
the consistent increase in commodity prices and the harvested area for the biofuel crops of
maize and sugar cane. Food price increases affect all aspects of human well-being, such as
security, basic materials for good life, health, and social cohesion.

13 There can be other benefits from biofuel production, such as employment, which the authors are addressing in
research in progress.

4 High food prices can disproportionately affect the urban poor (RFA, 2008). It also can influence social unrest,
such as the food riots that took place in several countries such as Egypt, Mexico, Indonesia, and several Sub-
Saharan African nations, among several others (Runge and Senauer, 2008).
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Figure 4: World Harvested Area and Commodity Price for Maize
(2000-2009)
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Figure 5: World Harvested Area and Commodity Price for Sugar
(2000-2009)
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4.1.3 Freshwater Services

Biofuel production can affect the ecosystem service of freshwater through overexploitation
and degradation, mainly through pollution. It is feared that increased feedstock cultivation
and biofuel production will increase both water consumption and water pollution.

4.1.3.1 Water Depletion

Currently, the total water requirement’® for first generation biofuel production and particularly
for irrigated feedstocks is quite modest when compared to the water appropriated for food
production (e.g. CA, 2007)'®. However, greater biofuel production might result in increased
water consumption (e.g. de Fraiture, et al., 2008; Berndes, 2002). This might result in a

1> The water used within plants for the transformation of the feedstock to the final feedstock is much lower than
for the production of the feedstock itself (IATP, 2008).

¢ In cases where the feedstocks are primarily rain fed (e.g. rapeseed in Europe), then irrigation is even smaller (de
Fraiture, et al., 2008).
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competition between food and biofuel production not only for land and labour (refer to
Section 3.1.2) but also for water. This might be potentially serious for countries such as
China and India that have mandated the use of biofuels but are under increasing water
stress (e.g. de Fraitute, et al., 2008). For example, the bioethanol production from molasses
is very water intensive and a shift towards greater biofuel production might affect the water
supply in countries such as India, which are using molasses as a feedstock and are under
proven water stress (Kojima and Johnson, 2005).

It has also been suggested that a potential shift towards greater biofuel production can
have significant impact on water consumption even in areas that are not currently facing
significant water stress (e.g. NAP, 2010; Berndes, 2002). For example, embodied water
analysis has shown that current bioethanol production practices in the US, e.g. extensive
irrigation for corn, already results in the depletion of vulnerable aquifers with these trends
being most prevalent in states that are expected to face water shortages in the future (e.g.
Chiu, et al., 2009).

Interestingly, the water footprint analysis’ has shown that for most biofuel feedstocks,
the total water footprints are consistently larger in developing nations (Gerben-Leenes, et
al., 2009a; 2009b). At the same time, the water footprint of biofuels can be 70-400 times
higher than that of conventional fossil fuels (Gerbens-Leenes, et al., 2009b), and it is more
water-efficient to use biomass to produce bioelectricity than to produce biofuels (Gerbens-
Leenes, et al., 2009a). In fact, the total water requirement of biofuel energy is consistently
larger, up to two degrees of magnitude, than the water requirement of different forms of
conventional energy generation, including hydropower (ibid).

4.1.3.2 Degradation of Water Quality

Feedstock production relies greatly on fertilisers and agrochemicals that can enter water
bodies and potentially disrupt ecosystem functioning. At the same time, biofuel production
practices can produce effluents with high toxicity and Biological Oxygen Demand (BOD).
For example, Gunkel, et al. (2007) have highlighted the significant impact of sugar cane
production and processing on water quality in Brazil'®.

High levels of nitrogen fertiliser used for sugar cane crops can lead to the excessive
accumulation of nitrogen into aquatic systems. Filoso, et al. (2003) reported high rates of
nitrogen export into rivers draining watersheds such as the Piracicaba and Mogi river basins,
which are heavily cultivated with sugar cane. Nitrogen export was much higher in primarily
agricultural sub-catchments than in sub-catchments where forested and pasture land
dominated the landscape (ibid). In fact, Martinelli and Filoso (2008) have identified sugar
cane expansion as one of the main drivers of increased fertiliser use across Brazil. Indeed,
sugar cane cultivation consumes large amounts of fertilisers and constitutes one of the most
fertiliser intensive agricultural practices in Brazil (FAO, 2004b). Similarly, oil palm plantations
are also fertiliser intensive and consume by far the largest amount of fertilisers than any

7 The water footprint is expressed in m3 (of water consumed) per GJ (of energy produced) and depends on
numerous factors such as the type of crop, the agricultural production system and the climate (Gerbens-Leenes,
et al., 2009b). However, even within the same country, the water requirement of biofuel production can depend
on other factors such as the regional water use practices (Chiu, et al., 2009).

'8 Water heating, acidification, increased turbidity, oxygen imbalance, and increased coli form bacteria levels in the
Ipojuca River (Brazil) were associated with the sugar cane industry.
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other crop in Malaysia (FAO, 2004b; FIAM, 2009) and the third largest in Indonesia (FAO,
2005). Finally, Donner and Kucharik (2008) suggest that if US corn cultivation increases in
order to meet the 15-36 billion gallons of renewable fuel by 2022 without changing current
cultivation practices, then significant added nitrogen loading should be expected along the
Mississippi River, subsequently increasing hypoxia in the Gulf of Mexico.

Lehtonen (2009) collected evidence on the numerous agrochemicals that are being used in
sugar cane production and their potential negative effects on the environment and on the
human health (e.g. the agrochemical 2,4-D which is a possible carcinogen, groundwater
pollutant, and endocrine disruptor), while Lara, et al. (2001) have shown the prevalence of
agrochemicals in areas that are used for sugar cane cultivation. For example, contaminants
such as atrazine, a herbicide used in sugar cane crops, and heavy metals like copper, were
found in water samples and stream bed sediments collected from waterways flowing
through areas of extensive sugar cane cultivation (Carvalho, et al. 1999, Azevedo, et al.
2004, Corbi, et al. 2006). Martinelli and Filoso (2008) cite several case studies that associate
sugar cane burning practices with the acidification of streams/rivers and the detection of
Polycyclic Aromatic Hydrocarbons in sediments in lakes in Sao Paulo State. As a legume,
soybean cultivation requires little nitrogen inputs but does require agrochemicals to
combat diseases, weeds, and pests. The concentration of these agrochemicals in water
bodies surrounded by soybean plantations may also accumulate in fishes caught for human
consumption (Fearnside, 2001).

Further down the production chain, biofuel production has been identified as a major
source of water pollution. Waste products and by-products of the industrial processing of
sugar cane and palm oil into ethanol and crude palm oil respectively are highly polluting
and can have severe environmental impacts if released without proper treatment. Palm oil
mill effluent (POME) and vinasse from sugar cane distillation are rich in organic matter and
contribute to eutrophication and depletion of dissolved oxygen levels in aquatic systems if
left untreated (Donald, 2004; Martinelli and Filoso, 2008). POME is characterised by high
levels of BOD' with approximately 2.5-3 tons of POME being produced for each ton of
palm oil (Wu, et al., 2010). Effluent from sugar cane mills is also rich in BOD with 12-13
liters of vinasse being generated for each liter of ethanol (Martinelli and Filoso, 2008).
Despite the existence of present technologies to treat mill effluents, it is not uncommon
for leakages and intentional discharge from small mills, leading to adverse impacts on the
aquatic ecosystems (Martinelli and Filoso, 2008; Sheil, et al. 2009)).

However, despite these negative effects, there is evidence that biofuel production can
sometimes be beneficial for freshwater ecosystem services. For example, it has been shown
that willow biofuel feedstock can be used to purify wastewater (Bérjesson and Berndes,
2006). Gopalakrishnan et al. (2009), have suggested that bioenergy crops can be used to
restore contaminated aquifers and marginal lands. Also it has been suggested that POME
and sugar cane mill effluent can be used for oil palm and sugar cane irrigation, respectively.
However the other environmental co-benefits of such practices are debatable.

12 POME has BOD of 21500-24500 mg/L, which is several times higher than that of sewage water.
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4.2 Requlating Services
4.2.1 Climate Regulation

Biofuels can emit GHG during several stages of their life cycle (Hess, et al., 2009; Delucchi,
2006). Several LCAs have shown that biofuels can emit less GHG during their whole life
cycle and thus be seriously considered as a potent climate change mitigation measure (refer
to Table 3 and 4). GHG emissions savings are quite significant and can sometimes reach 80-
100% of emissions from conventional fossil fuels. Such GHG savings are significantly higher
than the targets specified by national and international biofuel policies including the 35%
GHG saving target laid by the European Union (EC, 2009).

However, in most LCAs (such as the ones mentioned in Tables 3 and 4), the impact of
Land Use and Cover Change (LUCC) on the emission of GHG is not properly accounted
for. Biofuel expansion can induce LUCC directly and indirectly. Considering that LUCC has
been identified as a major “emitter” of GHG, biofuel production in general and feedstock
production in particular can be net GHG emitters.

Box 2: Indebting the Future?

Palm oil plantations are expected to be net carbon sinks and protect the soil only if they are
established on crop/grassland and not on forested or peatland areas (Danielsen, et al., 2009;
Verwer, et al., 2008). Danielsen, et al. (2009) calculated that depending on the forest clearing
method used, it would take 75-93 years for an oil-palm plantation to compensate the carbon lost
during the conversion of the initial forest (600 years when oil-palm is planted on peatland). When
grassland is converted to oil-palm, the compensation occurs in mere 10 years.

Fargione, et al. (2008) report similar findings for palm biodiesel production from cleared tropical
rainforest and peatland in Indonesia and Malaysia. In the Brazilian context, Fargione, et al. (2008)
calculate that the time required to repay the biofuel carbon debt would be 17 years (sugar cane
substituting woodlands), 37 years (soybean substituting grassland) and 319 years (soybean
substituting tropical rainforest). Gibbs, et al. (2008) have calculated carbon payback times for
several feedstocks in the tropics with their results showing that following present practices it will
take decades to offset the carbon lost during the conversion of productive tropical ecosystems
(forests, woody savannahs and grassland) in South America, Africa, and Asia.

Indirect land impacts can also significantly affect GHG emissions. Lapola, et al. (2010) have
calculated that by 2020, biofuel expansion in southern Brazil might create a carbon debt
of up to 250 years mainly due to indirect LUC (direct LUC will also contribute but not
significantly). In their model, they suggest that replacement of rangeland in southern Brazil
with sugar cane cultivation might push the rangeland frontier in the Amazon and cause
significant deforestation (ibid).

Biofuel expansion can also affect regional climate as a result of land cover conversion.
For example, Georgescu, et al. (2009) found that land conversion from one crop type to
another for biofuel expansion in the US Corn Belt may affect regional climate as a result of
the changes in energy and moisture balance of the land surface upon conversion to biofuel
crops.
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4.2.2 Air Quality Regulation

Atmospheric pollutants are emitted during several processes during a biofuel’s life cycle.
Feedstock cultivation can be a particularly polluting stage with atmospheric pollutants being
emitted not only from activities such as fertilisers use, land-clearing through fire and other
feedstock-specific activities such as sugar cane burning (to assist harvesting), but also from
the feedstock itself.

Biofuel feedstocks, like all other plants, are emitters of Volatile Organic Compounds (VOCs)
and particularly of isoprene. Even though there is limited knowledge regarding VOC emissions
from biofuel feedstock, there is a concern that greater biofuel production, especially from
tree plantations such as palm oil, might result in greater VOC emissions (Royal Society, 2008;
Hewitt, et al., 2009). Hewitt, et al. (2009) have shown that indeed, greater amount of VOC
and nitrogen oxides (NOx) emissions, which are tropospheric ozone precursors (O,), are
emitted from oil palm plantations than from rainforests?°. NOx are mainly emitted mainly
through the application of fertilisers and combustion in farm activities, such as mechanised
agriculture (Hess, et al., 2009).

Burning?' is a common crop management practice in Brazil for facilitating the harvesting
of sugar cane and has been used to clear natural vegetation for oil palm and soybean
expansion in Indonesia and Brazil (Casson, 2003; Martinelli and Filoso, 2008; Sheil, et al.,
2009). This method is not only a quick and inexpensive alternative to clear land (Guyon and
Simorangkir, 2002), but it leads to forest degradation which allows oil palm companies to
acquire land use permits more easily (Casson, 2000). Oil palm expansion has been partially
responsible for the devastating 1997-1998 forest fires in Indonesia, where satellite imagery
showed oil palm companies initially starting the fire to clear land (Dennis, et al., 2005).
The dry conditions brought about by the El Nifio phenomenon exacerbated the fires which
burned 11.6 million ha of land, more than half of which were montane, lowland, and peat
forests (Tacconi, 2003). In Brazil, the El Nifo effect also led to serious droughts in the North
and North-East, and fires ignited in the savanna areas for pasture and agricultural crops
such as soybean blazed out of control, contributing to serious forest fires in the North
(Casson, 2003).

The burning of the straw and leaves of sugar cane greatly facilitates the process of
harvesting and drives out snakes, which may pose a danger to the cane cutters (Martinelli
and Filoso, 2008). However, sugar cane burning is a major source of particulate matter
with aerodynamic diameter <2.5 pm (PM2.5) and <10 pm (PM10) (Cancado, et al., 2006;
Lara, et al., 2005; Martinelli, et al., 2002; Castanho and Artaxo, 2001), Polycyclic Aromatic
Hydrocarbons (PAHs) (Martinelli and Filoso, 2008), and NOx (Oppenheimer, et al., 2004).
At the same time, sugar cane burning can lead to soil temperature increase, decrease in
soil water content, and soil degradation (Dourado-Neto, et al., 1999; Oliveira, et al., 2000;
Tominaga, et al., 2002).

20 NOx is mainly emitted from agricultural system, i.e. use of fertilisers and vehicle combustions and facilities, while
VOC emissions are emitted from the oil palm trees themselves.

21 Biomass burning has been identified as a major source of atmospheric pollution, and GHG emissions significantly
affect atmospheric chemistry and biogeochemical cycles, among other impacts (Bytnerowicz, et al., 2008;
Crutzen and Andreae, 1990).

23
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Further down the chain, Delucchi (2006) found that US corn ethanol and soy biodiesel
release higher levels of carbon monoxide (CO), nitrogen dioxide (NO,), non methane organic
compound (NMOC), sulphur dioxide (SO,), and particulate matter (PM) emissions in their
life cycle in comparison to conventional gasoline. In particular, fuel production, feedstock
recovery, cultivation, and fertiliser manufacturing were identified as those processes
responsible for the bulk of the pollutant emission.

Atmospheric emissions associated with biofuel production and combustion can also severely
affect the human health. Jacobson (2007) suggests that if E85 was to substitute conventional
gasoline by 2020, ozone-related mortality and other health effects associated with the
direct atmospheric emissions of bioethanol will increase by 9% in Los Angeles and by 4%
in the rest of the US. Hill, et al. (2009) have shown that the health-related costs associated
with the emission of PM2.5, a potent health hazard, from corn-ethanol during its whole
life cycle is comparable, and in most cases greater than the costs associated with PM2.5
emissions from conventional gasoline??. Moreover, Cancado, et al. (2006) have shown that
respiratory related hospital admissions are increasing during the sugar cane burning season
in parts of Brazil. These trends are more evident for the admission of children with two to
three times more hospital admissions during the burning season. As already mentioned,
land clearing by fire is a common method used in oil palm plantations in South East Asia.
The forest fire induced air pollution health effect in South East Asia have been thoroughly
documented in sevearl academic literature, (e.g. in Frankenberg, et al., 2005; Sastry, 2002;
Emmanuel, 2000).

However, biofuels can have positive impacts on ambient air quality. For example, the
introduction of biofuels in Brazil has been credited with the improvement of air quality
in the city of Sdo Paulo. The introduction of motor vehicles which run on ethanol and
the associated incentives led to the gradual de-phasing of older, more polluting, and less
energy efficient vehicles. In this respect, biofuel introduction as an alternative transport
fuel can be viewed as a potential opportunity for the introduction of cleaner technology,
something that can have ripple effects in ambient air quality, particularly in cities situated in
the developing world.

4.2.3 Erosion Regulation

Martinelli and Filoso (2008) mention that sugar cane cultivation is a significant driver of
soil erosion in Brazil. In fact, in several areas of the state of Sdo Paulo, high erosion rates
have been observed in land that is consistently under sugar cane cultivation (ibid). It has
been estimated that during sugar cane production, bare soils are exposed to intense winds
and rains during management practices, which can result in soil erosion rates of up to 30
tons/ha/year (Sparovek and Schnug, 2001; Martinelli and Filoso, 2008). Soil erosion as a
result of soybean cultivation amounts to similar rates of losses between 19 and 30 tons/
ha/year depending on soybean management practices, land aspect, and soil type (Tomei
and Upham, 2009). For example, soybean cultivation in Argentina exhibits greater soil
erosion potential and greater negative effect on soil nutrients than switchgrass (Van Dam,
et al., 2009). Soil erosion potential is further increased if soybean is cultivated at degraded
grassland rather than abandoned cropland (ibid). Mature oil palm plantations in Malaysia
have a soil erosion rate of approximately 7.7 to 14 tons/ha/year (Hartemink, 2006). Soil

22 Costs from cellulosic ethanol emissions are much lower.
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erosion in oil palm plantations can be even more serious in the early years when a complete
palm canopy has not yet been established, which is why maintaining a legume crop cover
is important to protect against soil erosion (Corley and Tinker, 2003).

de Vries, et al. (2010) ranked the most commonly used biofuel feedstocks from lower to
higher levels of soil erosion hazard as follows: cassava, soybean, sugar cane, sorghum, corn,
sugar beet, winter wheat, oil palm, and winter rapeseed. It is recognised that this is an
indicative ranking that can depend on the characteristics of the soil itself and the cultivation
method adopted among other factors.

On the other hand, feedstocks that can be grown in marginal lands such as jatropha can
improve soil quality and control erosion in marginal lands (Achten, et al., 2008; Gmunder,
etal., 2010). It is interesting to note that agricultural practices such as sugar cane burning,
which can have negative effects on ambient air quality and human health, can reduce the
risk of erosion if the residues are left on the soil (Smeets, et al., 2008).

4.3 Cultural Services

The cultural services provided by ecosystems (e.g. spiritual, aesthetic, educational, and
recreational services) are sometimes highly valued in monetary terms (MA, 2005). For local
communities and indigenous people, such services frequently form an important element
of their culture and can often threaten several factors such as Land Use and Cover Change
(LUCC) (MA, 2005). For instance, certain plants are important ceremonial elements, while
high biodiversity agriculture (e.g. corn) can have important aesthetic and cultural value that
cannot be provided by monoculture cropping systems, such as in developing countries. Of
course, this is not a phenomenon in developing countries alone. Sometimes, maintaining
the traditional land use and the local customs is held more important than the material
gains even in industrialised countries such as among small-scale farmers in the southern US
(e.g. Raish and McSweeney, 2003).

Changes in ecosystem conditions can alter the values that people derive from cultural
ecosystem services (Rodriguez, et al., 2006). Even though in some occasions, ecosystem
change may increase cultural value?®; however, it is most likely that the opposite phenomenon
might occur. Biofuel induced LUCC may diminish the cultural value people receive from
landscapes and ecosystems, by destroying habitat and displacing traditional crops (Friends
of the Earth, 2008). Feedstocks, such as oil palm, are frequently planted on forest land
and as a result, they lead to deforestation (refer to Section 5.1). It has been suggested that
biofuel induced deforestation can affect indigenous people disproportionately. For instance,
almost half of Indonesia’s population of 216 million depends on forests and ecosystem
goods and services with approximately 40 million of these people being indigenous and
having already been affected (Tauli-Corpuz and Tamang, 2007).

At the same time, several biofuel feedstocks are assessed for their invasiveness (Bradley, et
al., 2006; Raghu, et al., 2006) (refer to Section 4.3). Invasive alien species may eliminate
traditional plant species with high cultural value, with potentially severe impacts especially
for the poor in tropical countries (MA, 2005).

3 E.g. in the Dutch constructed lowlands or as exhibited in high land rents surrounding built environment
projects (MA 2005a: Peterson, et al., 2003).
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Finally, marginal land has been targeted as the most appropriate land for expanding biofuel
production in a sustainable manner. Economically, land is marginal if it is not profitable,
e.g. when crop prices and yield do not cover production cost (Dale, et al., 2010). However,
marginal land often provides other ecosystem services including space for economically and
politically marginalised populations with the cultural and spiritual benefits derived from the
land that are not always acknowledged when assessing the costs and benefits of biofuel
production (Dale, et al., 2010).
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5. Impacts on Biodiversity

Biodiversity underpins all ecosystem services, and is defined as the variability of living
organisms, as well as the ecological complexes hosting them. This includes diversity within
and between species such as animals, plants, and microorganisms (MA, 2005).

While biofuel production (particularly feedstock cultivation) may under certain conditions
offer wildlife habitat (Godfray, et al., 2010), it is considered to be a potentially significant
emerging threat to biodiversity (Groom, et al., 2008). Six main direct drivers of biodiversity
loss have been identified in the academic literature: habitat loss, overexploitation, invasive
alien species, disease, pollution, and climate change, as well as the interactions between
them (MA, 2005). Biofuel production has been linked to four of these drivers, namely
habitat destruction, invasive alien species, pollution, and climate change. Although the
biodiversity impacts are case specific, Table 6 gives an overview of the potential impact of
the most common biofuel feedstocks.

Table 6: Feedstock Specific Impacts on Biodiversity

Feedstock Land Usually Converted or Used Impact on Biodiversity
Oil palm Virgin forest Very high

Sugar cane Grassland/cultivated land High

Corn Cultivated land High

Cassava Cultivated land/grassland/forest Neutral

Rapeseed Cultivated land High

Soybean Grassland/cultivated land/forest Very high

Jatropha Grassland/cultivated land Neutral

Source: Adapted from (Fischer, et al., 2009)

5.1 Habitat Loss

Of these four drivers, biofuel induced habitat destruction is perhaps considered to be
the greatest threat to biodiversity. Conversion of natural habitats into monocultures, by
definition, implies a drastic loss of biodiversity and change in the composition of species
communities in the area. Currently, biodiversity in the tropical regions of South East Asia
and Latin America is under the greatest threat of biofuel expansion, namely from oil palm,
sugar cane, and soybean expansion (Koh and Wilcove, 2007, 2008, 2009; Wilcove and
Koh, 2010).
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Box 3: Assessing the Link to Deforestation in Indonesia and Malaysia

Koh and Wilcove (2008), report that oil palm plantations in Malaysia and Indonesia have mainly
replaced primary and secondary tropical forest rather than pre-existing cropland. Based on land-
cover data compiled by the Food and Agricultural Organisation of the United Nations, Koh and
Wilcove (2008) calculated an expansion of 1.8 million ha of oil palm in Malaysia and 3 million ha in
Indonesia between 1995 and 2005. Approximately 55-59% of this oil palm expansion in Malaysia
and at least 56% of that in Indonesia occurred at the expense of primary or logged forests. Due
to this massive LUCC induced by oil palm expansion, oil palm plantations are believed to have
a significant impact on biodiversity in a region that contains a significant portion of the planet’s
remaining tropical forests as well as two of the world’s twenty-five biodiversity hotspots.

It has been hypothesised that oil palm plantations cause biodiversity decline because
such habitats are structurally less complex than primary forests, have a shorter lifespan
and are major landscape fragmentation factors (Fitzherbert, et al., 2008). Reviews of
academic studies have shown that oil palm plantations indeed contain much fewer species
and less than half as many vertebrate species as primary forests (e.g. Fitzherbert, et al.,
2008; Danielsen, et al., 2009) (refer to Table 7). For example, it has been shown that oil
palm plantations harbour fewer bird (Peh, et al., 2005) and butterfly (Hamer, et al., 2003;
Dumbrell and Hill, 2005) species than primary forest, logged forest, and rubber plantations.
Forest bird species declined by 73%-77% (Koh and Wilcove, 2008) and only 10% of
mammal species were detected in oil palm plantations (Maddox, et al., 2007). Endangered
species such as the Sumatran tiger (Panthera tigris sumatrae), tapirs (Tapirus indicus), and
clouded leopards (Neofelis nebulosa) were never recorded in oil palm plantations; most
mammals even preferred marginal and heavily degraded landscapes, such as shrublands,
to oil palm (Maddox, et al., 2007). Mammals that do occur in oil palm plantations tend to
be of low conservation value, and are dominated by a few generalist species such as the
wild pig (Sus scrofa), bearded pig (Sus barbatus), leopard cat (Prionailurus bengalensis), and
common palm civet (Paradoxurus hermaphroditus) (Danielsen, et al., 2009 and Maddox, et
al., 2007).



Section 5 Impacts on Biodiversity

Table 7: Species Richness in Natural Forests and Oil Palm Plantations
Number of Species

Study Country Taxonomic Forest Plantation Shared
Group

Room, 1975 Papua N.  Ground foraging 49 29 11
Guinea ants

Chang, et al.,, 1997 Malaysia Mosquitoes 6 6 6

Chung, et al.,, 2000 Malaysia  Subterranean 306 64 -

beetles

Chung, et al.,, 2000 Malaysia  Arboreal beetles 174 40 -

Chung, et al., 2000 Malaysia  Ground beetles 557 75 -

Bruhl, 2001 Malaysia  Ants (site 1) 20 11 6

Bruhl, 2001 Malaysia  Ants (site 2) 8 15 6

Bruhl, 2001 Malaysia ~ Ants (site 3) 4 8 1

Liow, et al., 2001 Malaysia  Bees 8 17 -

Benedick, 2005 Malaysia  Butterflies 26 12 1

Davis and Phillips,  Ghana Dung beetles 25 20 7

2005

Hassal, et al., 2006  Malaysia  Terrestrial isopods 8 4 0

Chey, 2006 Malaysia  Moths (site 1) 75 85 28

Chey, 2006 Malaysia  Moths (site 2) 133 73 28

Chey, 2006 Malaysia  Moths (site 3) 78 90 11

Koh and Wilcove, Malaysia  Butterflies 63 - 12

2008

Danielsen and Indonesia  Birds 67 17 3

Heegaard, 1995

Danielsen and Indonesia  Bats 8 1 1

Heegaard, 1995

Glor, et al., 2001 Dominican Lizards 6 5 3
Republic

Scott, et al,, 2004  Indonesia  Small mammals 5 3 2

Aratrakorn, et al., Thailand  Birds 108 41 21

2006

Peh, et al., 2005, Malaysia  Birds 152 - 36

2006

Maddox, et al., Indonesia Medium/large 38 4 4

2007 mammals

Source: Adapted from Danielsen, et al., 2009.

On the other hand, invertebrate taxa showed even greater variation between oil palm
plantations and natural forests (Fitzherbert, et al., 2008). For example, the conversion
of forests to oil palm caused forest butterfly species to decline by 79%-83% (Koh and
Wilcove, 2008); whereas ants, moths, and bees showed a higher total species richness in
oil palm than forests (Danielsen, et al., 2009). Nevertheless, studies consistently showed
a dominance of non-forest invertebrate species in oil palm plantations (Danielsen, et al.,
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2009). Comparing across both vertebrate and invertebrate taxa, a mean of only 15% of
species recorded in primary forest could be found in oil palm plantations (Fitzherbert, et al.,
2008). Not surprisingly, plant diversity within oil palm plantations was diminished compared
to forests due to regular maintenance and replanting (every 25 to 30 years) of oil palm fields
(Fitzherbert, et al., 2008; Danielsen, et al., 2009).

In Brazil, the area of soybean expansion increased dramatically by 10 million ha, from 11.6
million to 22.9 million ha between 1995 and 2005 (FAO, 2010). Successful expansion of
soybean has been driven by a biotechnological breakthrough, namely the development of
soybean-bacteria combinations with pseudosymbiotic relationships, which allows soybeans
to be planted with little or no application of nitrogen fertilisers (Fearnside, 2001). Although
much of this soybean expansion has occurred on non-forested lands, particularly in the
Cerrado, this natural grassland ecosystem nonetheless contains high concentrations of
endemic and threatened species (Fearnside, 2001).

Biodiversity loss from soybean and sugar cane production has not been as well studied
as oil palm but can be expected to be significant by virtue of large-scale natural habitat
conversion (Fearnside, 2001).

Box 4: Soybean Expansion in the Cerrado Savanna, Brazil

The Cerrado is the largest savanna region in South America and contains a rich diversity of different
vegetation types, from tree and scrub savanna, grasslands with scattered trees and patches of
dry, closed canopy forests known as the Cerradao (Conservation International, 2010). This region
contains alarge number of plant (10,000 species) and animal species (2,000 species), including many
endemic species such as the maned wolf (Chrysocyon brachyurus), the giant armadillo (Priodontes
maximus), and the giant anteater (Myrmecophaga tridactyla) (Conservation International, 2010).
The ecoton between forest and cerrado is also rich in endemic plant species (Fearnside and Ferraz,
1995). Unfortunately, this ecosystem has also been widely cleared for soybean expansion as it is
the least protected ecosystem in Brazil, with only 1.5% protected within federal reserves (Casson,
2003).

Sugar cane expansion in Brazil has almost doubled from 4.5 million ha in 1995 to 8.1
million ha in 2008, with a rapid increase of 2.3 million ha between 2005 and 2008 (FAO,
2010). Martinelli and Filoso (2008) cite several cases that show how the destruction of
riparian ecosystems due their conversion to sugar cane plantations can lead to biodiversity
loss. Interestingly, the destruction of such riparian ecosystems results in reduced water
quality that can further affect biodiversity and human well-being (ibid). However, it is the
future expansion of sugar cane agriculture that can pose an even more significant threat
to biodiversity. It is predicted that future sugar cane expansion for ethanol export in the
Brazilian south-east can affect directly and indirectly the Cerrado (Smeets, et al., 2008;
Sparovek, et al., 2010) and the Amazon (Lapola, et al., 2010). The expansion of biofuel
industries is not the only cause of habitat loss in these areas; other causes include large-scale
commercial logging, pulp and paper industries, cattle ranching, shifting cultivation, mining,
urban development, and agricultural expansion of other crops (Angelsen and Kaimowitz,
1999). However, growing global demand for palm oil, soybean, and sugar cane for biofuels
will likely exacerbate deforestation in these regions over the next decade (IATP, 2008).
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Hellmann and Verburg (2010) have shown that the future biofuel expansion in the EU as
mandated by existing legislation can impact biodiversity throughout the continent by 2030.
LUCC is a key driving force, and they estimate that even though the direct LUCC effects
of biofuels will be negligible, the indirect effects of biofuel expansion will be far more
significant (ibid). McDonald, et al. (2009) have estimated under several different scenarios
that bioenergy, particularly biodiesel from soybeans and ethanol from corn and sugar cane,
will consistently have the largest impact on US land use by 2030. Most of this new area will
be directly claimed in temperate forest (deciduous and conifers) and temperate grassland,
and will amount to between 141000 km? and 247000 km? (ibid). As a result, significant
impacts on biodiversity can be expected.

5.2 Interaction with Other Frontier Opening Activities

The development of biofuel plantations is associated with other drivers of habitat loss and
degradation such as industrial activities like logging or cattle ranching and the building
of infrastructure such as roads and waterways. This increases the accessibility of natural
resources for further exploitation and heightens the level of fragmentation and isolation of
remnant natural habitats. Oil palm plantations have been associated with logging companies
as the profits obtained from the sale of timber can help cover part of the establishment costs
of an oil palm plantation (Casson, 2000). In cases where companies seek short-term profits
or are unwilling to take the risks in developing oil palm industries in infrastructure-poor
regions (e.g. Papua and Kalimantan), application for licenses to establish oil palm estates
provide a loophole for these companies to clear-cut forests without the use of sustainable
management practices for the timber extracted (Casson, 2000). This explains why less than
1 million ha out of 5.3 million ha of land allocated to oil palm development have actually
been planted with oil palm in Kalimantan (Casson, et al., 2007).

The expansion of soybean in Brazil has been linked to both charcoal production and cattle
ranching (Casson, 2003). For example, through the establishment of previously lacking
infrastructure such as road networks, soybean expansion provides easier access to Cerrado
trees, which are felled and used by the Brazilian steel industry for charcoal production. Profits
generated by selling the Cerrado trees to charcoal producers have helped soybean farmers
to further expand their farms. The degradation of gallery forests due to the extraction of
such trees has raised concern as these forests provide a corridor that links the Amazon and
the coastal forests with the Cerrado and is an important habitat for several endemic fauna
(Tengnas and Nilsson, 2003). The advancement of large-scale mechanised soybean farms
as a result of government policies and soybean technologies pushed small-scale farmers
into the Amazonian frontier where agricultural expansion and pasture development (i.e.
cattle ranching) took place at the expense of forests (Skole, et al., 1994; Schneider, et al.,
2000). Fearnside (2001) describes how soybean expansion has led to major infrastructure
developments in Brazil and highlights the potential for habitat exploitation due to greater
accessibility in the region.
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5.3 Other Stresses on Biodiversity: Pollution, Invasive Alien Species and
Climate Change

Further down the biofuel production chain, biofuel industries that engage in poor production
practices could also cause indirect ecological damage through environmental pollution and
degradation. Section 4.1.3.2, 4.2.2, and 4.2.3 described that inappropriate management
practices such as intensive usage of fertilisers and pesticides as well as using fires for land
clearing could lead to environmental problems such as soil degradation, and water and
air pollution, which in turn could lead to long-term ecological impacts in the tropics. For
soybean and sugar cane, which are both annual crops, the ecosystem of the agricultural
landscape is disrupted yearly and requires high inputs of fertilisers, pesticides, and weed
control to maintain high levels of production (Casson, 2003; Martinelli and Filoso, 2008).
Surface run-off as a result of soil erosion brings organic matter and agro-chemicals into
aquatic systems, which can lead to the deterioration of aquatic habitats and affect the
biodiversity downstream.

Currently, there are fears that certain biofuel crops have the potential to become invasive
(e.g. Pyke, et al., 2008; Raghu, et al., 2006; Buddenhagen, et al., 2009). Even though
perennial grasses are mostly associated with invasiveness, certain first generation biofuels
can become invasive. Such an example is the case of jatropha, which has been designated
as invasive and thus banned from planting in parts of Australia while it is being tested for
potential invasiveness in other parts of the world (e.g. DAF, 2007).

Finally, in the long-run, biofuel affect climate change by either mitigating green house gas
emissions or actually causing higher such emissions. Consequently, biofuel has a stake in
climate change induced biodiversity loss, by either increasing or decreasing such stress. .

Reconciling biofuel expansion with biodiversity conservation and the preservation of
ecosystem services is not a straightforward process due to the links between the biofuel
industry and both the agricultural and energy sector. A careful assessment of land use
allocation options and major restructuring of the agricultural management system may be
required for biofuel expansion to proceed with little or no environmental costs. Additionally,
the development of energy efficient transportation systems and the advancement of
second and third generation biofuels will help alleviate demand for conventional biofuel
feedstocks. However, these actions will require a considerable amount of time, resources,
and long-term commitment from society. From an ecosystems services perspective, there is
an added urgency to also work on immediate solutions to minimise the loss of threatened
ecosystem services due to biofuel expansion. Some of the most promising response options
are listed below.

These alternatives address both the pressure on ecosystem services and on biodiversity. Even
with the adoption of all of these responsible management practices, oil palm and other
biofuel plantations will still have a considerable residual impact on the environment. In the
case of biodiversity, biodiversity offsets which is the calculation of the residual impact and
paying off by conserving another area natural habitat, have been proposed to compensate
for some of the environmental damage incurred by the plantation (Maddox, 2007).
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6. Response Options

6.1 Using Degraded Lands

Competition for land used for fuel, food, fodder, and forests is at the core of the biofuel
debate. For example, the replacement of biodiverse habitats with monocultures for
feedstock production is, without a doubt, the greatest threat to biodiversity. Clearly, the
obvious solution is to avoid planting biofuel feedstocks on native natural habitats (IATP,
2008). Moreover, as many of the regions being targeted for biofuel production contain
high levels of endemic flora and fauna, the loss of these habitats would result in global
extinctions of numerous species (Myers, et al., 2000). The removal of critical ecosystems for
biofuel production negates any benefits accrued from the use of biofuels over fossil fuels
(Gibbs, et al., 2008).

Some researchers have argued for the use of degraded lands for biofuel cultivation. However,
this proposal is not as straightforward as it seems. Should the definition of ‘degraded’ be
stretched to include secondary logged forests? Biodiversity losses will still continue, as such
forests still preserve a significant portion of primary forest biodiversity (Dunn, 2004; Barlow,
et al., 2007; Koh and Wilcove, 2008). In some cases, degraded lands have been shown to
be utilised by high conservation value species like the Sumatran tiger and the value of their
biodiversity cannot be judged simply based on the vegetation structure and characteristic
of the landscape (Maddox, 2007). Significant amounts of fertilisers and weed control are
also required to convert alang-alang grasslands into oil palm plantations (Fairhurst and
McLaughlin, 2009), and insecure land tenure regarding degraded lands pose big risks to
any biofuel feedstock producing company investing in plantation development (Cotula,
et al., 2008). Degraded lands can also be open to other land uses such as restoration
ecology, cattle ranching, settlements and urbanisation, hence strategies to expand biofuel
production into degraded lands must be approached with caution.

6.2 Improved Plantation Management Practices

To partially reconcile biofuel expansion with the maintenance of other ecosystem services
and biodiversity conservation, a set of compromises regarding land competition and a
great deal of collaboration with biofuel producers will be required. It will be imperative for
environmental groups to engage with biofuel producers of various levels — from small-scale
farmers to large private companies, to help producers and growers recognise the value and
importance of biodiversity in the unique habitats where they grow their biofuel crops. As
soybean and sugar cane are annual crops, little can be done to preserve biodiversity within
the agricultural landscape when great disturbances to the landscape occur during harvest
seasons. Fewer disturbances occur in oil palm plantations which use perennial crops that
last for a period of 25 to 30 years.

In these artificial habitats, Koh (2008a) demonstrated that various local vegetation
characteristics such as percentage ground cover of weeds, epiphyte prevalence, and
presence of leguminous crops can help enhance native bird and butterfly species richness.
On a landscape level, the percentage of natural forest cover was able to explain 1.2-
12.9% of variation in butterfly species richness and 0.6-53.3% of variation in bird species
richness. Adoption of such measures is not just important to make oil palm plantations
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more hospitable for native biodiversity. Bird-exclusion experiments in oil palm plantations
have shown a significant increase in herbivory damage by herbivorous insects, providing
an economic justification for conserving remnant natural habitats for this natural pest
control service (Koh, 2008b). Many oil palm plantations have also included integrated pest
management systems which favour the use of non-chemical pest control methods such
as the establishment of “beneficial plants” (e.g. Euphorbia heterophylla) to attract insect
predators and parasitoids of oil palm pests (e.g. the wasp Dolichogenidea metesae [Basri, et
al., 1995; Corley and Tinker, 2003]).

Box 5: Land Use Planning as a Means of Enhancing the Sustainability
of Biofuel Plantations

Other means of mitigating the impacts on biodiversity loss within the oil palm plantation landscape
include the formation of riparian buffer zones to reduce water pollution, preservation of high
conservation value (HCV) forests, formation of wildlife buffer zones to ‘soften’ the edge between
plantations and natural forests and the creation of habitat corridors to link remnant forest patches
together (Maddox, 2007; Fitzherbert, et al., 2008).

6.3 Designer Landscapes

Addressing the problems arising from indirect land use changes require a landscape-level
approach where biofuel feedstock production has to be coordinated within the industry
and with regional or national land-use plans (Maddox, 2007; Koh, et al., 2009b). From an
ecological perspective, two concepts have been proposed to minimise the adverse impacts
of agricultural expansion on biodiversity: land sparing and wildlife-friendly farming. The
former seeks to minimise land area required for farming by land intensification through
maximising yields and the latter tries to enhance biodiversity within an agricultural landscape
(Fischer, et al., 2008). Koh, et al. (2009) proposed a harmonisation of both approaches
to design landscapes threatened by biofuel expansion based on optimal requirements
for sustaining biodiversity, economic, and livelihood needs. Agroforestry (wildlife-friendly
farming) zones around high conservation value (HCV) areas can be used as corridors to
connect surrounding fragments of HCV forests, act as buffer zones to mitigate human
encroachmentinto HCVs, and reduce edge and matrix effects from the intensively cultivated
biofuel feedstock landscape (land sparing). How effective such an approach would be has
yet to be tested in the field but offers a possibility for a more sustainable pathway for future
biofuel expansions. Engagement with local stakeholders and support from local authorities
are particularly important in developing nations such as Brazil and Indonesia where rural
development and improvement of people’s well-being are urgent priorities.

6.4 PES and REDD

Biofuels is only one of many financially valuable uses of land. Apart from their biodiversity
values, it is imperative to recognise that ecosystem services and natural habitats provide
including genetic diversity, carbon sequestration, water cycling and purification, climate
regulation, and many other non-timber products which are not found elsewhere (Costanza,
et al., 1997).
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Innovative schemes such as Payment for Ecosystem Services (PES) or Reducing Emissions
from Deforestation and Degradation (REDD) create financial incentives to divert biofuel
feedstock expansion away from forests and onto pre-existing croplands or degraded lands.
The establishment and enforcement of protected areas is a legislative tool that remains a
top strategic priority for protecting biodiversity. PES and REDD can be used to both protect
biodiversity and mitigate other negative effects of biofuels on ecosystem services (e.g. water
provision and climate regulation).

The question which follows then is whether such incentives are sufficient to counter strong
market forces that favour natural habitat conversion. Recent REDD scheme partnerships
between non-governmental organisations and private companies (Fischer, 2009) are
positive steps towards greater collaboration and engagement of various stakeholders
towards conserving tropical forests. However, few studies have compared the feasibility
of such schemes against current market prices for biofuel feedstocks. Butler, et al. (2009)
compared the profitability of converting forests into oil palm plantations against conserving
forests for a REDD scheme. Under current voluntary carbon markets, conversion of forest
into oil palm (yielding net present values of 3835 to 9630 USD per hectare over a 30 year
period) will be more profitable to landowners than preserving it for carbon credits (614 to
994 USD). However, should REDD become a legitimate emissions reduction activity under
the second commitment period of the Kyoto Protocol (2013-17), carbon credits traded in
Kyoto-compliance markets have a fighting chance to compete with oil palm agriculture
or other similarly profitable human activity as an economically attractive land-use option.
Similar economic evaluations of comparing the value of non-forest biodiverse habitats like
the Cerrado to soybean and sugar cane production in Brazil can also be carried out to
determine the competition of various land uses based on monetary values.

A recent study by lgari, et al. (2009) calculated an annual profitability of 134 USD/ha/
year and 149 USD/ha/year for sugar cane and soybean crop respectively growing near the
Cerrado region in Sao Paulo State, Brazil. Opportunity costs to set aside the Cerrado for
preservation were much higher compared to PES values of 27 USD and 42 USD per ha paid
to landowners in Mexico and Costa Rica respectively (Mufioz-Pina, et al., 2008; Barton, et
al., 2009) and only slightly comparable (111 USD per ha) to the average annual value paid
by USDA Conservation Reserve Programme in the United States (USDA, 2006; Baylis, et al.,
2008).

Considerable amount of research is currently underway to use REDD as a tool against natural
habitat conversion by other human land use activities (Butler, et al., 2009). However, for
natural habitats, which are already slated for land use conversion, complete avoidance is not
a realistic option and strategies to mitigate biodiversity impacts will have to be formulated.
There is also the risk that financial lure of REDD might inadvertently cause some landowners
to accelerate habitat destruction to raise the deforestation baseline of future REDD
projects so that they might reap more monetary benefits (Koh, et al., 2009a; Koh, 2009).
Furthermore, some researchers warn that the indirect and less tangible environmental and
socio-economic implications of PES schemes need to be carefully evaluated (Ghazoul, et al.,
2010a, b). Some of these wider societal costs of withholding development might include
the forfeiture of employment opportunities and tax revenues.
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6.5 Certification Schemes

To ensure that biofuel and biofuel feedstock producers are encouraged to adopt sustainable
practices, international certification schemes which satisfy a set of social and environmental
criteria have been introduced. Creation of multi-stakeholder organisations such as the
Roundtable of Sustainable Biofuels (RSB), the Roundtable of Responsible Soy (RTRS),
the Better Sugar cane Initiative (BSI), and the Roundtable of Sustainable Palm Qil (RSPO)
aim to engage a diverse range of stakeholders in the biofuel sector — governments, non-
governmental organisations, producers, consumers, suppliers — to work towards producing
biofuel feedstocks using sustainable practices (Laurance, et al., 2010). These organisations
create, verify, and certify performance standards for sustainable production of biofuel
feedstocks and biofuels (UNEP, 2009).

Through these organisations, conservation groups have a platform to engage and inform
producers of suitable new areas for biofuel expansion which will lead to the least ecological
damage. Independent Environmental Impact Assessments (EIAs) of future biofuel crop
plantings and Life Cycle Analyses (LCAs) of biofuel products provide greater transparency
on the costs of biofuel production and reassure consumers that biofuels purchased are
produced with the best sustainable practices (UNEP, 2009). However, critics of biofuel
certification schemes argue that market-based product certification often cover only a
fraction of the market size (Sto, et al., 2005; Liu, et al., 2004; Laurance, et al., 2010)
and may be misleading as some production appear to be sustainable but in fact are not
(Doornbosch and Steenblik, 2007; Laurance, et al., 2010). Most importantly, it has no
control over the extent of indirect land use change resulting from displacement of other
land use activities by biofuel production (Doornbosch and Steenblik, 2007).
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7. Concluding Remarks

This report has provided an analysis of the drivers and impacts of biofuel production on
ecosystem services and biodiversity. The ecosystem services approach (MA, 2005) has been
used to frame the analysis. This approach (1) enables to link biofuels’ ecosystem impact on
human well-being by highlighting the associated trade-offs between ecosystem services and
their respective social benefits and costs, and (2) is broadly recognised among academics,
conservation practitioners, and policy-makers, hence facilitating communication regarding
both the design and the implementation of adequate policies aiming for sustainable biofuels.
The review has addressed liquid biofuels (e.g. bioethanol and biodiesel) and has focused
on first generation biofuels, since these currently provide the bulk of the biofuel supplied
worldwide and is projected to continue to increase at least until 2019 (OECD-FAO, 2010).

While the negative impacts of biofuel production/use have attracted most of the attention
in this review, there are also several studies that have been cited and show how biofuel
production can have positive impacts. This suggests that biofuels cannot be grouped together
since they encompass vastly different production practices that take place in different
ecosystems, to achieve different goals, and compete with multiple human activities.

Biofuel production and use can, during its whole life cycle, affect several ecosystem services
negatively or positively. The main ecosystem services affected are: provisioning services (e.g.
fuel, food, freshwater), regulating services (e.g. climate regulation, air quality regulation,
erosion regulation), and cultural services.

Fuel: Biofuels have been proposed as alternative transport fuels. However, the overreliance
on fertilisers and agrochemicals for feedstock production cast doubt on their potential in
the long term. In spite of this, several biofuels are net energy suppliers and as a result can
contribute positively to energy security in the short-to-medium term.

Food: Production of biofuels can compete directly and indirectly with food production. A
manifestation of this competition has been the food price increases of the past few years.
This competition is expected to intensify in the future.

Freshwater: Biofuel production can deplete and degrade water bodies. Biofuels exhibit
higher water footprints than fossil fuels and other renewable energy sources. At the same
time, fertilisers, agrochemicals, and effluent from biofuel refineries can degrade water
bodies. However, with adequate management practices, biofuel feedstock production
can contribute to environmentally friendly water sewage treatment and as a means for
improving water quality in aquifers.

Climate regulation: Studies have shown that biofuels generally emit less GHG in their full
life cycle than fossil fuels. However, such studies usually disregard the impact of direct and
indirect land use change on GHG emission. Biofuels grown on former agricultural land seem
to result in smaller carbon debts.
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Air quality regulation: Several air pollutants can be emitted during biofuel production
and use. The emission of these pollutants depends on the agricultural practices used (e.g.
fertiliser use, land clearing through burning, etc) and the combustion technology, among
others.

Erosion regulation: The extensive cultivation of major biofuel feedstocks such as sugar
cane, soybeans, and oil palm are major causes of soil erosion. However, other feedstocks
such as jatropha can improve soil quality and control erosion in marginal lands.

Cultural services: Currently, there is a lack of studies exploring the linkage between biofuel
productionand cultural services. However, biofuels are usually grown in extensive monoculture
systems that have been proven to affect cultural ecosystem services negatively.

The analysis found that biofuel production also affects biodiversity. Special drivers are
habitat destruction, interaction with other frontier opening activities, invasive alien species,
and pollution.

Habitat destruction: This is considered as perhaps the most important threat to biodiversity.
Conversion of natural habitats into monocultures implies a drastic loss in biodiversity and
change in the composition of species communities in the area. Biodiversity in the tropical
regions of South East Asia and Latin America is under the greatest threat from biofuel
expansion, and particularly from oil palm, sugar cane, and soybean expansion. However, as
compared to intensive agriculture, carefully planned small-scale biofuel production could
potentially support biodiversity.

Interaction with other frontier opening activities: The development of biofuel
plantations is associated with industrial activities like logging, cattle ranching, and the
building of roads and waterways. Together, they are indirect drivers of habitat loss and
degradation, by increasing the accessibility of natural resources for further exploitation and
raising the level of fragmentation and isolation of remnant natural habitats.

Pollution and invasive alien species: Poor production practices of biofuel feedstock
have been noted for oil palm, sugar cane, and soybean. Examples include intensive use of
fertilisers and pesticides, the use of fire for land clearing, soil degradation, water and air
pollution, which in turn could lead to long-term ecological impacts in the tropics. Moreover,
there are fears that biofuel feedstocks such as perennial grasses and jatropha might become
invasive.

Several possible response options are described in this report. At the core of the interventions
lies the opportunity cost of land (land used for e.g. fuel, food, fodder, or forests). The choice
of production technology (e.g. high yielding feedstocks) and location (marginal land) can
contribute to the sustainability of feedstock production. In other cases, land management
measures such as conservation corridors can significantly reduce the negative effects on
ecosystems. Innovative incentive schemes such as payments for ecosystem services for
water provision and carbon sequestration have already been implemented in other areas
and should be explored further.
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However, markets and decentralised action alone are not sufficient to make explicit and
communicate to consumers the many values of ecosystems in such a way that consumption
choices become sustainable. For example, the fact that biofuels are often sourced from
faraway production sites can distort the information for buyers trying to make sustainable
consumption choices. In this context, concerted action is needed to establish, communicate,
and implement minimum standards. For all response options, the ecosystem services concept
can be a powerful aid for assessing the sustainability of biofuels, and to help develop and
communicate appropriate biofuel standards.

39



References

References

Abramovay, R., 2008. A political-cultural approach to the biofuel market in Brazil. [online] Sao Paulo:
University of Sao Paulo. Available at: <http://www.abramovay.pro.br/artigos_jornal/2008/Abramovay_
Ethanol_biodiesel_Brazial_political_cultural_approach.pdf> [Accessed May 22, 2010].

Achten, W.M.J. Verchot, L. Franken, Y.J. Mathijs, E. Singh, V.P. Aerts, R. and Muys, B., 2008. Jatropha bio-
diesel production and use. Biomass and Bioenergy 32 (12), pp. 1063-1084.

Al-Riffai, P. Dimaranan, and B. Laborde, D., 2010. Global trade and environmental impact study of the EU
biofuels mandate: final draft report. Brussels: European Commission.

Angelsen A. and Kaimowitz, D., 1999. Rethinking the causes of deforestation: lessons from economic
models. The World Bank Research Observer, 14, pp. 73-98.

Aratrakorn, S. Thunhikorn, and S. Donald, P.F., 2006. Changes in bird communities following conversion of
lowland forest to oil palm and rubber plantations in southern Thailand. Bird Conservation International,
16, pp. 71-82.

Arndt, C. Pauw, K. Thurlow, J., 2010. Biofuels and economic development in Tanzania. IFPRI Discussion
Papers 966. [online] Washington D.C.: International Food Policy Research Institute. Available at: <http://
www.ifpri.org/publication/biofuels-and-economic-development-tanzanias.

Azevedo, D.A. Gerchon, E. and Reis, E.O., 2004. Monitoring of pesticides and polycyclic aromatic
hydrocarbons in water from Paraiba do Sul River, Brazil. Journal of the Brazilian Chemical Society, 15 (2)
pp. 292-299.

Barlow, J. Gardner, T.A. Araujo, |.S. vila-Pires, T.C.A. Bonaldo, A.B. Costa, J.E. Esposito, M.C. Ferreira, L.V.
Hawes, J. Hernandez, M.I.M. Hoogmoed, M.S. Leite, R.N. Lo-Man-Hung, N.F. Malcolm, J.R. Martins, M.B.
Mestre, L.A.M. Miranda-Santos, R. Nunes-Gutjahr, A.L. Overal, W.L. Parry, L. Peters, S.L. Ribeiro-Junior,
M.A. da Silva, M.N.F. da Silva Motta, C. and Peres, C.A., 2007. Quantifying the biodiversity value of
tropical primary, secondary, and plantation forests. Proceedings of the National Academy of Sciences.
104 (47) pp. 18555-18560.

Barton, D.N. Faith, D.P. Rusch, G.M. Acevedo, H. Paniagua, L. and Castro, M., 2009. Environmental service
payments: evaluating biodiversity conservation trade-offs and cost efficiency in Osa Conservation Area,
Costa Rica. Journal of Environmental Management, 90 (2) pp. 901-911.

Basri, M.W. Norman, K. and Hamdan, A.B., 1995. Natural enemies of the bagworm, metisa plana walker
(Lepidoptera: Psychidae) and their impact on host population regulation. Crop Protection, 14 (8) pp.
637-645.

Baylis, K. Peplow, S. Rausser, G. and Simon, L., 2008. Agri-environmental policies in the EU and United
States: a comparison. Ecological Economics, 65 (4) pp. 753-764.

Beer, T. Grant, T. and Campbell, PK., 2007. The greenhouse and air quality emissions of biodiesel blends
in Australia. [online] CSIRO. Available at: <http:/Awww.csiro.au/files/files/fphm1.pdf> [Accessed August 3
2010].

Bekunda, M. Palm, C.A. de Fraiture, C. Leadley, P Maene, L. Martinelli, L.A. McNeely, J. Otto, M.
Ravindranath, N.H. Victoria, R.L. Watson, H. and Woods, J., 2009. Biofuels in developing countries. In:
Howarth, R.W. and Bringezu, S. (eds.), 2009. Biofuels: environmental consequences and interactions
with changing land use — Proceedings of the Scientific Committee on Problems of the Environment
(SCOPE) International Biofuels Project Rapid Assessment. Ithaca: Cornell University. Available at: <http:/
cip.cornell.edu/biofuels/> [Accessed 28 July 2010].

Benedick, S., 2005. Impacts of tropical forest fragmentation on fruit feeding nymphalid butterflies in Sabah,
Borneo. Ph.D. Universiti Malaysia, Sabh.

Berndes, G., 2002. Bioenergy and water — the implications of large-scale bioenergy production for water
use and supply. Global Environmental Change, 12, pp. 253-271.

Borjesson, P. and Berndes, G. 2006. The prospects for willow plantations for wastewater treatment in
Sweden. Biomass & Bioenergy, 30, pp. 428-438.



References

Bradley, B.A. Houghton, R.A. Mustard, J.F. and Hamburg, S.P,, 2006. Invasive grass reduces aboveground
carbon stocks in scrublands of the Western US. Global Change Biology, 12 (10) pp. 1815-1822.

Bruhl, C.A., 2001. Leaf litter ant communities in tropical lowland tropical forests in Sabah, Malaysia: effects
of forest disturbance and fragmentation. Ph.D. University of Wurzburg.

Buddenhagen, C.E. Chimera, C. and Clifford, P, 2009. Assessing biofuel crop invasiveness: a case study.
PLoS ONE 4(4): e5261. doi:10.1371/journal.pone.0005261

Butler, R.A. Koh, L.P. and Ghazoul, J., 2009. REDD in the red: palm oil could undermine carbon payment
schemes. Conservation Letters 2, pp. 67-73.

Bytnerowicz, A. Arbaugh, M. Riebau, A. and Andersen, C. (eds.), 2008. Wildland fires and air pollution.
Development in Environmental Sciences 8, Elsevier, Amsterdam.

Borjesson, P. and Berndes, G., 2006. The prospects for willow plantations for wastewater treatment in
Sweden. Biomass Bioenergy, 30, pp. 428-438.

CA, 2007. Water for food, water for life: a comprehensive assessment of water management in agriculture.
London: Earthscan, , and Colombo: International Water Management Institute.

Cancado, J.E.D. Saldiva, PH.N. Pereira, L.A.A. Lara, L.B.L.S. Artaxo, P. Martinelli, L. A. Arbex, M.A. Zanobetti,
A. and Braga, A.L.F,, 2006. The impact of sugar-cane burning emissions on the respiratory system of the
children and the elderly. Environmental Health Perspectives, 114, pp. 725-729.

Carvalho, C.E.V. Ovalle, A.R.C. Rezende, C.E. Molisani, M.M. Salomao, M.B. and Lacerda, L.D., 1999.
Seasonal variation of particulate heavy metals in the Lower Paraiba do Dul River, RJ, Brazil. Environmental
Geology, 37 (4) pp. 297-302.

Casson, A., 2000. The hesitant boom: Indonesia‘s oil palm sub-sector in an era of economic crisis and
political change. Occastional Paper No. 29. Center for International Forestry Research (CIFOR), Bogor,
Indonesia.

Casson, A., 2003. Oil palm, soybeans and critical habitat loss. WWF Forest Conservation Initiative, Switzerland

Castanho, A.D. and Artaxo, P, 2001. Wintertime and summertime Sao Paulo aerosol source apportionment
study. Atmospheric Environment, 35 (29) pp. 4889-4902.

de Castro, J.EM., 2007. Biofuels: an overview — Final Report. [online] the Hague: Directorate-
General for International Cooperation (DGIS). Available at: <http://np-net.pbworks.com/f/
BZOS+(2007)+Biofuels+in+Africa_overview.pdf> [Accessed July 3 2010].

Cavendish, W., 2000. Empirical regularities in the poverty-environment relationship of rural households:
evidence from Zimbabwe. World Development, 28, pp. 1979-2003.

Chang, M.S. Hii, J. Buttner, P. and Mansoor, F., 1997. Changes in abundance and behaviour of vector
mosquitoes, induced by land use during the development of an oil palm plantation in Sarawak.
Transactions of the Royal Society of Tropical Medicine and Hygiene, 91, pp. 382-386.

Chey, V.K., 2006. Impact of forest conversion on biodiversity as indicated by moths. Malayan Nature Journal,
57, pp. 383-418.

Chiu, Y.W. Walseth, B. and Suh, S., 2009. Water embodied in bioethanol in the United States. Environmental
Science and Technology, 43, pp. 2688-2692.

Choudhury, R. Weber, T. Schindler, J. Weindorf, W. and Waurster, R., 2002. GM well to wheel analysis of
energy use and greenhouse gas emissions of advanced fuel/vehicle systems — a European study. [online]
Ottobrunn: LB Systemtechnik GmbH. Available at: <http://www.lbst.de/ressources/docs2002/TheReport_
Euro-WTW_27092002.pdf> [Accessed June 20 2010 ].

Chung, A.Y.C. Eggleton, P. Speight, M.R. Hammond, PM. and Chey, V.K., 2000. The diversity of beetlr
assemblages in Sabah, Malaysia. Bulletin of Entomological Research, 90, pp. 475-496.

Corbi, J.J. Strixino, S.T. Santos, A. and Del Grande, M., 2006. Diagnéstico ambietal de metais e organoclorados
em corregos adjacentes a areas de cultivo de cana-de-agUcar. Quimica Nova, 29, pp. 61-65.



42

References

Corley, R.H.V. and Tinker, PB., 2003. The oil palm. 4" ed. Oxford: Blackwell Science.

Costanza, R. d'Arge, R. Groots, Rd, Farber, S. Grasso, M. Hannon, B. Limbirg, K. Naeem, S. O’'Neill, R.V.
Paruelo, J. Raskin, R.G. Sutton, P. and Belt, Mvd, 1997. The value of the world’s ecosystem services and
natural capital. Nature, 387, pp. 253-260.

Cotula, L. Dyer, N. and Vermeulen, S., 2008. Fuelling exclusion? The biofuels boom and poor people’s access
to land. [online] London: International Institute for Environment and Development. Available at: <http://
www.iied.org/pubs/pdfs/125511IED.pdf> [Accessed ].

Crutzen, PJ. and Andreae, M.0O., 1990. Biomass burning in the tropics: impact on atmospheric chemistry
and biogeochemical cycles. Science, 250, pp. 1669-1678.

DAF, 2007. Physic nut (Jatropha curcas) and bellyache bush (J. gossypiifolia: Note 244. [online] Perth:
Department of Agriculture and Food (DAF), Government of Western Australia, Available at: <http://
www.agric.wa.gov.au/objtwr/imported_assets/content/pw/weed/decp/fn2007_jatropha_biodiesel.pdf>
[Accessed September 28 2010>

Dale, V.H. Kline, K.L. Wiens, J. and Fargione, J., 2010. Biofuels: implications for land use and biodiversity.
n.d. Biofuels and Sustainability Reports. [online] Ecological Society of America. Available at: <http:/Avww.
esa.org/biofuelsreports/files/ESA%20Biofuels% 20Report_VH%20Dale %20et%20al.pdf> [Accessed July
152010].

van Dam, J. Faaij, A.P.C. Hilbert, J. Petruzzi, H. and Turkenburg, W.C., 2009. Large-scale bioenergy production
from soybeans and switchgrass in Argentina Part B. Environmental and socio-economic impacts on a
regional level. Renewable And Sustainable Energy Reviews 13 (8) pp. 1679-1709.

Danielsen, F., Beukema, H., Burgess, N. D., Parish, F, Bruhl, C. A., Donald, P. F, Murdiyarso, D., Phalan,
B., Reijnders, L., Struebig, M. and Fitzherbert, E. B. 2009. Biofuel plantations on forested lands: double
jeopardy for biodiversity and climate. Conservation Biology, 23: 348-358.

Danielsen, F. and Heegaard, M., 1995. Impact of logging and plantation development on species diversity:
a case study from Sumatra. In Sandbukt, O. (Ed.) 1995. Management of tropical forests: towards an
integrated perspective. University of Oslo, Oslo. pp. 73-92.

Davis, A.L.V. and Phillips, T.K., 2005. Effects of deforestation on a southwest Ghana dung beetle assemblage
(Coleoptera: Scarabaeidae) at the periphery of Ankasa Conservation area. Environmental Entomology,
34, pp. 1081-1088.

Delucchi, M.A., 2006. Life cycle analyses of biofuels. [online] Davis: Institute of Transportation Studies,
University of California, Davis. Available at: <http://www.its.ucdavis.edu/publications/2006/UCD-ITS-
RR-06-08.pdf> [Accessed July 20 2010].

Dennis, R.A. Mayer, J. Applegate, G. Chokkalingam, U. Pierce, C.J. Kurniawan, I. Lachowski, H. Maus,
P. Permana, R.P. Ruchiat, Y. Stolle, F. Suyanto, Tomich, T.P, 2005. Fire, people and pixels: linking social
science and remote sensing to understand underlying causes and impacts of fires in Indonesia. Human
Ecology, 33 (465) pp. 465-504.

Donald, PF, 2004. Biodiversity impacts of some agricultural commodity production systems. Conservation
Biology, 18, pp. 17-37

Donner, S.D. and Kucharik, C.J., 2008. Corn-based ethanol production compromises goal of reducing
nitrogen export by the Mississippi river. Proceedings of the National Academy of Sciences, 105, pp. 4513-
4518.

Doornbosch, R. and Steenblik, R., 2007. Biofuels: is the cure worse than the disease? In: OECD (Organisation
for Economic Co-operation and Development), 2007. Round Table on Sustainable Development. Paris:
OECD.

Dourado-Neto, D. Timm, L.C. Oliveira, J.C.M. Reichardt, K. Bacchi, 0.0.S. Tominaga, T.T. and Cassaro,
FA.M., 1999. State-space approach for the analysis of soil water content and temperature in a sugar cane
crop. Scientica Agricola, 56 (4) pp. 1215-1221.



References

Dovie, D.B.K., 2003. Rural economy and livelihoods from the non-timber forest products trade. Compromising
sustainability in southern Africa? International Journal of Sustainable Development & World Ecology, 10
(3) pp. 247-262.

Dumbrell, A.J. and Hill, J.K., 2005. Impacts of selective logging on canopy and ground assemblages of
tropical forest butterflies: implications for sampling. Biolical Conservatioin, 125, pp. 123-131.

Dunn, R.R., 2004. Managing the tropical landscape: a comparison of the effects of logging and forest
conversion to agriculture on ants, birds, and lepidoptera. Forest Ecoly and Management, 191, pp. 215-
224,

EC, 2009. Directive 2009/28/EC of the European parliament and the council of 23 April 2009 on the
promotion of the use of energy from renewable sources and amending and subsequently repealing
Directives 2001/77/EC and 2003/30/EC. Official Journal of the European Union, L140, 17-62, [online]
Available at: <http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2009:140:0016:0062:en:PDF>
[Accessed July 15 2010].

Ecobilan, 2002. Bilans énergétiques et gaz a effet de serre des filieres de production de biocarburants en
France. [online] Neuilly-sur-Seine. Ecobilan PwC, Available at: <http://www.ademe.fr/partenaires/agrice/
publications/documents_francais/synthese_bilans_energetiques_fr.pdf> [Accessed July 10 2010].

Edwards, R. Larivé, J.F. Mahieu, V. and Rouveirolles, P, 2007. Well-to-wheels analysis of future automotive
fuels and power trains in the European context. [online] Ispra: JRC-IES (Joint Resarch Centre, Institute
for Environment and Sustainability). Available at: <http:/ies.jrc.ec.europa.eu/uploads/media/WTW_
Report_010307.pdf> [Accessed July 3 2010].

Elsayed, M.A. Matthews, R. and Mortimer, N.D., 2003. Carbon and energy balances for a range of biofuel
options. [online] London: Department for Trade and Industry. Available at: <http://Awww.berr.gov.uk/files/
file14925.pdf> [Accessed July 16 2010].

Emmanuel, S.C., 2000. Impact to lung health of haze from forest fires: the Singapore experience. Respirology,
5, pp. 175-182.

Fairhurst, T. and McLaughlin, D., 2009. Sustainable oil palm development on degraded land in Kalimantan.
World Wildlife Fund for Nature. Available at: <http://tropcropconsult.com/downloads_files/Fairhurst2009.
pdf> [Accessed July 1 2010].

FAO (Food and Agriculture Organization), 2010. FAOSTAT-Agriculture. [online] Rome: FAO. Available at:
<http:/Avww.biodiversityhotspots.org/xp/hotspots/Pages/default.aspx> [Accessed 21 Jan 2010].

FAQ, 2009. Small-scale bioenergy initiatives: brief description and preliminary lessons on livelihood impacts
from case studies in Asia, Latin America and Africa. [online] Rome: FAO. Available at: <http:/Awww.fao.
org/docrep/011/aj991e/aj991e00.htm> [Accessed May 11 2010].

FAQ, 2005. Fertiliser use by crop in Indonesia. [online] Rome: FAO. Available at: <ftp:/ftp.fao.org/agl/agll/
docs/fertuseindonesia.pdf> [Accessed June 22 2010].

FAQ, 2004a. Fertiliser use by crop in Brazil. [online] Rome: FAQ. Available at: <ftp:/ftp.fao.org/agl/agll/docs/
fertusebrazil.pdf> [Accessed May 3 2010].

FAO, 2004b. Fertiliser use by crop in Malaysia. [online] Rome: FAQ. Available at: <http://www.fao.org/
docrep/007/y5797e/y5797e00.htm> [Accessed July 5 2010].

Fargione, J. Hill, J. Tilman, D. Polasky, S. and Hawthrone, P, 2008. Land clearing and the biofuel carbon
debt. Science, 319, pp. 1235-1238.

Farrell, A.E. Plevin, R.J. Turner, B.T. Jones, A.D. Ohare, M. and Kammen, D.M., 2006. Ethanol can contribute
to energy and environmental goals. Science, 311, pp. 506-508.

Fearnside, PM., 2001. Soybean cultivation as a threat to the environment in Brazil. Environmental
Conservation, 28, pp. 23-38.

Fearnside, PM. Ferraz, J., 1995. A conservation gap analysis of Brazil's Amazonian vegetation. Conservation
Biology, 9, pp. 1134-1147.

43



44

References

FIAM (Fertiliser Industry Association of Malaysia), 2009. Evolution of fertiliser use by crop in Malaysia: recent
trends and prospects. [online] Shah Alam: FIAM. Available at: <http://www.fertiliser.org/ifacontent/
download/.../2/.../2009_crossroads_sabri.pdf> [Accessed August 1 2010].

Filoso, S. Martinelli, L.A. Williams, M.R. Lara, L.B. Krusche, A. Ballester, M.V. Victoria, R.L. and Camargo,
PB., 2003. Land use and nitrogen export in the Piracicaba River basin, Southeast Brazil. Biogeochemistry,
65, pp. 275-294.

Fischer, G. Hizsnyik, E. Prielder, S. Shah, M. and van Velthuizen, H., 2009. Biofuels and food security. [online]
Vienna: lIASA (International Institute for Applied Systems Analysis). Available at: <http://www.iiasa.ac.at/
collections/IIASA_Research/Research/LUC/Homepage-News-Highlights/Biofuels%20Report%20Final.
pdf> [Accessed June 23 2010].

Fischer, J., 2009. A fair deal for forest people: working to ensure that REDD forests bear fruit for
local communities. Mongabay, [online] 27 November 2009. Available at: <http://news.mongabay.
com/2009/1127-redd_commentary_ffi.ntmI> [Accessed 21 January 2010].

Fisher, B. Turner, R.K. and Morling, P,, 2009. Defining and classifying ecosystem services for decision making.
Ecological Econonomics, 68, pp. 643-653.

Fitzherbert, E.B Struebig, M.J. Morel, A. Danielsen, F. Bruhl, C.A. Donald, PF. and Phalan, B., 2008. How will
oil palm expansion affect biodiversity? Trends in Ecology and Evolution. 23, pp. 538-545.

de Fraiture, C. Giordano, M. and Liao, Y., 2008. Biofuels and implications for agricultural water use: blue
impacts of green energy. Water Policy 10, Supplement 1, pp. 67-81.

Frankenberg, E. McKee, D. and Duncan, T, 2005. Health consequences of forest fires in Indonesia.
Demography, 42, pp. 109-129.

Georgescu, M. Lobell, D.B. and Field, C.B., 2009. Potential impact of U.S. biofuels on regional climate.
Geophysical Research. Letters, 36, L21806, doi:10.1029/2009GL040477

Gerbens-Leenes, PW. Hoekstra, A.Y. and van der Meer, T., 2009a. The water footprint of bioenergy. PNAS,
106, pp. 10219-10223.

Gerbens-Leenes, PW. Hoekstra, A.Y. and van der Meer, T., 2009b. The water footprint of energy from
biomass: a quantitative assessment and consequences of an increasing share of bio-energy in energy
supply. Ecological Econonomics, 68, pp. 1052-1060.

Ghazoul, J. Koh, L.P. and Butler, R.A., 2010a. A REDD light for wildlife friendly farming. Conservation
Biology, 24, pp. 644-645.

Ghazoul, J. Butler, R.A. Mateo-Vega, J. and Koh, L.P, 2010b. REDD: a reckoning of environment and
development implications. Trends in Ecology and Evolution, in press.

Gibbs, H.K. Goldemberg, J. Mladenoff, D.J. Ojima, D. Palmer, M.W. Sharpley, A. Wallace, L. Weathers, K.C.
Wiens, J.A. and Wilhelm, W.W., 2008. Sustainable biofuels redux. Science, 322, pp. 49-50.

Glor, R.E. Flecker, A.S. Benard, M.F. and Power, A.G., 2001. Lizard diversity and agricultural disturbance in a
Caribbean forest landscape. Biodiversity and Conservation, 10, pp. 711-723.

Gmunder, S.M. Zah, R. Bhatacharjee, S. Classen, M. Mukherjee, P. and Widmer, R., 2010. Life cycle
assessment of village electrification based on straight jatropha oil in Chhattisgarh, India. Biomass
Bioenergy, 34, pp. 347-355.

Gnansounou, E. and Dauriat, A., 2004. Energy balance of bioethanol: a synthesis. [online] Lausanne: EPFL.
Available at: <http://www.eners.ch/downloads/eners_0510_ebce_paper.pdf> [Accessed May 2 2010].

Godfray, H.C.J. Crute, I.R. Haddad, L. Lawrence, D. Muir, J.F. Nisbett, N. Pretty, J., Robinson, S. Toulmin,
C. and Whiteley, RI., 2010. The future of the global food system. Philosiphical Transactions of the Royal
Society Biological Sciences, 365, pp. 2769-2777.

Gopalakrishnan, G., Cristina Negri, M., Wang, M., Wu, M., Snyder, S.W., LaFreniere, L., 2009. Biofuels,
Land, and Water: A Systems Approach to Sustainability. Environmental Science and Technology, 43, 6094-
6100.

Groode, T.A. and Heywood, J.B., 2007. Ethanol: a look ahead. [online] Cambridge: MIT. Available at: <http:/
web.mit.edu/sloan-auto-lab/research/beforeh2/files/groode_ethanol.pdf> [Accessed May 25 2010].



References

Groom, M.J. Gray, E.M. and Townsend, PA., 2008. Biofuels and biodiversity: principles for creating better
policies for biofuel production. Conservation Biology, 22, pp. 602-609.

Gunkel, G. Kosmol, J. Sobral, M. Rohn, H. Montenegro, S. and Aurelian, J., 2007. Sugar cane industry as
a source of water pollution — case study on the situation in Ipojuca River, Pernambuco, Brazil. Water Air
and Soil Pollution, 180, pp. 261-269.

Guyon, A & Simorangkir, D. (2002) The Economics of Fire Use in Agriculture and Forestry - A Preliminary
Review for Indonesia. Project Fire Fight South East Asia, Bogor, Indonesia..

Hamer, K.C. Hill, J.K. Benedick, S. Mustaffa, N. Sherratt, TN. Maryati, M. and Chey, V.K., 2003. Ecology
of butterflies in natural and selectively logged forests on northern Borneo: the importance of habitat
heterogeneity. Journal of Applied Ecology, 40, pp. 150-162.

Hartemink, A. E., 2006. Soil Erosion: Perennial Crop Plantations. Encyclopedia of Soil Science: Second
Edition. 1613-1617. <http://www.informaworld.com/10.1081/E-ESS-120041234>[Accessed: August 22
2010].

Hassall, M. Jones, T.D. Taiti, S. Latipi, Z. Sutton, S.L. and Mohammed, M., 2006. Biodiversity and abundance
of terrestrial isopods along a gradient of disturbance in Sabah, East Malaysia. European Journal of Soil
Science, 42, pp. $197-S207.

Hellmann, F. and Verburg, P.H., 2010. Impact assessment of the European biofuel directive on land use and
biodiversity. Journal of Environmental Management, 91, pp. 1389-1396.

Hess, P. Johnston, M. Brown-Steiner, B. Holloway, T. Andrade, J.B.D. and Artaxo, P., 2009. Air quality issues
associated with biofuel production and use. In: Howarth, R.W. and Bringezu, S. (eds.), 2009. Biofuels:
environmental consequences and interactions with changing land use. Proceedings of the Scientific
Committee on Problems of the Environment (SCOPE) International Biofuels Project Rapid Assessment.
Ithaca: Cornell University. Available at: <http://cip.cornell.edu/biofuels/> [Accessed July 23 2010].

Hewitt, C.N. MacKenzie, A.R. Di Carlo, P. Di Marco, C.F. Dorsey, J.R. Evans, M. Fowler, D. Gallagher, M.W.
Hopkins, J.R. Jones, C.E. Langford, B. Lee, J.D. Lewis, A.C. Lim, S.F. McQuaid, J. Misztal, P. Moller, S.J.
Monks, P.S. Nemitz, E. Oram, D.E. Owen, S.M. Phillips, G.J. Pugh, TA.M. Pyle, J.A. Reeves, C.E. Ryder, J.
Siong, J. Skiba, U. and Stewart, D.J., 2009. Nitrogen management is essential to prevent tropical oil palm
plantations from causing ground-level ozone pollution. Proceedings of the National Academy of Sciences,
106, pp. 18447-18451.

Hill, J. Polasky, S. Nelson, E. Tilman, D. Huo, H. Ludwig, L. Neumann, J. Zheng, H. and Bonta, D., 2009.
Climate change and health costs of air emissions from biofuels. Proceedings of the National Academy of
Sciences, 106, pp. 2077-2082.

Hill, J. Nelson, E. Tilman, D. Polasky, S. and Tiffany, D., 2006. Environmental, economic, and energetic costs
and benefits of biodiesel and ethanol biofuels. Proceedings of the National Academy of Sciences, 103,
pp. 11206-11210.

IATP, 2008. Biofuel and global biodiversity. [online] Minneapolis: Institute for Agriculture and Trade Policy.
Available at: <http://www.agobservatory.org/library.cfm?refid=102584> [Accessed June 10 2010].

IATP, 2010. Biofuels and global water challenges. [online] Minneapolis: Institute for Agriculture and Trade
Policy. Available at: <http://www.isn.ethz.ch/isn/Digital-Library/Publications/Detail/?0ts591=0C54E3B3-
1E9C-BE1E-2C24-A6A8C7060233&Ing=en&id=56481> [Accessed May 16 2010].

IEA (International Energy Agency), 2010. Energy balances of non-OECD countries. [online] Vienna: IEA.
Available at: < http://www.iea.org/publications/free_new_Desc.asp?PUBS_ID=1078> [Accessed June 5
2010].

IEA, 2009. World Energy Outlook. 2009 ed. [online] Paris: IEA. Available at: <http:/Avww.worldenergyoutlook.
org/2009.asp> [Accessed June 11 2010].

IEA, 2004. Biofuels for transport: an international perspective. [online] Paris: IEA. Available at: <http:/www.
iea.org/textbase/nppdf/free/2004/biofuels2004.pdf> [Accessed July 2 2010].

Igari, A.T. Tambosi, L.R. Pivello, and V.R., 2009. Agribusiness opportunity costs and environmental legal
protection: investigating trade-off on hotspot preservation in the state of Sao Paulo, Brazil. Environmental
Management, 44, pp. 346-355.

45



46

References

IPCC (Intergovernmental Panel on Climate Change), 2007. Climate change 2007: the physical science
basis. Contribution of working group | to the fourth assessment report of the intergovernmental panel
on climate change. [online] Cambridge: Cambridge University Press. Available at: <http:/Awww.ipcc.ch/
publications_and_data/ ar4/wg1/en/contents.html> [Accessed June 29 2010].

Jacobson, M.Z., 2007. Effects of ethanol (e85) versus gasoline vehicles on cancer and mortality in the
united states, Environmental Science and Technology., [online] Available at: <http:/pubs.acs.org/doi/
abs/10.1021/es062085v?prevSearch=%255Bauthor%253A%2Bjacobson%255D %2BAND %2B%255B
title%253A%2Bethanol % 255D&searchHistoryKey=.> [Accessed June 9 2010].

Jumbe, C.B.L. Msisska, F.B.M. and Madjera, M., 2009. Biofuel development in sub-Saharan Africa: are
policies conducive? Energy Policy, 37, pp. 4980-4986.

Koh, L.P,, 2009. Calling Indonesia’s US$13 billion bluff. Conservation Biology, 23, p. 789.

Koh, L.P,, 2008a. Can oil palm plantations be made more hospitable for forest butterflies and birds? Journal
of Applied Ecology, 45, pp. 1002-1009.

Koh, L.P, 2008b. Birds defend oil palms from herbivorous insects. Ecological Applications, 18, pp. 821-825.

Koh, L.P. and Wilcove, D.S., 2009. Qil palm: disinformation enables deforestation. Trends in Ecology and
Evolution, 24, pp. 67-68.

Koh, L.P. and Wilcove, D.S., 2008. Is oil palm agriculture really destroying tropical biodiversity? Conservation
Letters, 1, pp. 60-64.

Koh, L.P. and Wilcove, D.S., 2007. Cashing in palm oil for conservation. Nature, 448, pp. 993-994.

Koh, L.P. Butler, R.A. and Bradshaw, C.J.A., 2009a. Conversion of Indonesia’s peatlands. Frontiers in Ecology
and Environment, 7, p. 238.

Koh, L.P. Levang, P. and Ghazoul, J., 2009b. Designer landscapes for sustainable biofuels. Trends in Ecology
and Evolution, 24, pp. 431-438.

Kojima, M. and Johnson, T., 2005. Potential for biofuels for transport in developing countries. [online]
Washington DC: World Bank. Available at: <http:/Awww.esmap.org/filez/pubs/31205BiofuelsforwWeb.
pdf> [Accessed June 3 2010].

Lapola, D.M. Schaldach, R. Alcamo, J. Bondeau, A. Koch, J. Koelking, C. and Priess, J.A., 2010. Indirect land
use changes can overcome carbon savings from biofuels in Brazil. Proceedings of the National Academy
of Sciences, 107, pp. 3388-3393.

Lara, L.L. Artaxo, P. Martinelli, L.A. Camargo, P.B. Victoria, R.L. and Ferraz, E.S.B., 2005. Properties of aerosols
from sugar cane burning emissions in Southeastern Brazil. Atmospheric Environment, 39, pp. 4627-4637.

Lara, L.L. Artaxo, P. Martinelli, L.A. Victoria, R.L. Camargo, P.B. Krusche, A. Ayers, G.P. Ferraz, E.S.B. and
Ballester, M.V., 2001. Chemical composition of rainwater and anthropogenic influences in the Piracicaba
River Basin, Southeast Brazil. Atmospheric Environment., 35, pp. 4937-4945.

Larson, E.D., 2006. A review of LCA studies on liquid biofuels systems for the transport sector. Energy for
Sustainable Development, 2, pp. 109-126.

Laurance, W.F. Koh, L.P. Butler, R.A. Sodhi, N.S. Bradshaw, C.J.A. Neidel, J.D. Consuniji, H. and Mateo-Vega,
J., 2010. Improving the performance of the roundtable on sustainable palm oil for nature conservation.
Conservation Biology, 24, pp. 377-381.

Lechon, Y. Cabal, H. Lago, C. de la Rua, C. Sdez, R. and Fernandez, M., 2005. Andlisis del ciclo de vida
de combustibles alternativos para el transporte. Fase I. Analisis de ciclo de vida comparativo del etanol
de cereales y de la gasolina. [online] Madrid: Ministerio de Medio Ambiente. Available at: <http:/Avww.
energiasrenovables.ciemat.es/adjuntos_documentos/BioetanolCiemat2005.pdf> [Accessed August 2
2010].

Lehtonen, M., 2009. Status report on sugar cane agrochemicals management. [online] Oullins: Ethical Sugar.
Available at: <http://www.sucre-ethique.org/IMG/pdf/agrochemicals_1_.pdf> [Accessed May 5 2010].



References

Liow, L.H. Sodhi, N.S. and Elmqvist, T., 2001. Bee diversity along a disturbance gradient in tropical lowland
forests of Southeast Asia. Journal of Applied Ecology, 38, pp. 180-192.

Liu, P. Andersen, M. and Pazderka, C., 2004. Voluntary standards and certification for environmentally and
socially responsible agricultural production and trade — report no 5. [online] Rome: FAO. Available at:
<http://www.fao.org/prods/gap/DOCS/PDF/Voluntary_standards_and_certification_for_environmentally_
and_socially_.pdf> [Accessed June 6 2010].

MA (Millennium Ecosystem Assessment), 2005a. Current State and Trends Assessment. [online] Washington
DC: Island Press. Available at: <http://www.millenniumassessment.org/en/Condition.aspx> [Accessed
May 5 2010].

Macedo, I.D.C. Verde Leal, M.R.L. and da Silva, J.E.A.R., 2004. Assessment of greenhouse gas emissions in
the production and use of fuel ethanol in Brazil. [online] Sdo Paulo: Government of Sao Paulo. Available
at:  <http://www.wilsoncenter.org/events/docs/brazil.unicamp.macedo.greenhousegas.pdf> [Accessed
May 1 2010].

Maddox, T. Priatna, D. Gemita, E. and Salampessy, A., 2007. The conservation of tigers and other wildlife in
oil palm plantations. Jambi Province, Sumatra, Indonesia. ZSL Conservation Report No. 7. The Zoological
Society of London (ZSL), London.

Martinelli, L.A. and Filoso, S., 2008. Expansion of sugar cane ethanol expansion in Brazil: environmental and
social challenges. Ecological Applications, 18, pp. 885-898.

Martinelli, L.A. Camargo, PB. Lara, L.B.L.S. Victoria, R.L. and Artaxo, P, 2002. Stable carbon and nitrogen
isotope composition of bulk aerosol particles in a C4 plant landscape of southeast Brazil. Atmospheric
Environment., 36, pp. 2427-2432.

Menichetti, E. and Otto, M., 2009. Energy balance and greenhouse gas emissions of biofuels from a
product life-cycle perspective. In: Howarth, R.W. and Bringezu, S. (eds.), 2009. Biofuels: environmental
consequences and interactions with changing land use. Proceedings of the Scientific Committee on
Problems of the Environment (SCOPE) International Biofuels Project Rapid Assessment. Ithaca: Cornell
University. Available at: <http:// cip.cornell.edu/biofuels/> [Accessed May 25 2010].

McDonald, R.l. Fargione, J. Kiesecker, J. Miller, W.M. and Powell, J., 2009. Energy sprawl or energy
efficiency: climate policy impacts on natural habitat for the United States of America. PLoS One 4(8):
€6802. Doi:10.1371/journal.pone.0006802

Mitchell, D., 2008. A note on rising food prices. [online] Washington D.C.: World Bank. Available at: <http:/
www.worldbank.org/html/extdr/ foodprices/> [Accessed May 10 2010].

Mongabay, 2010. REDD. Mongabay, [online]. Available at: <http:/rainforests.mongabay.com/redd/>
[Accessed 21 January 2010].

Munoz-Pifia, C. Guevara, A. Torres, .M. and Brana, J., 2008. Paying for the hydrological services of Mexico’s
forests: analysis, negotiations and results. Ecological Economics, 65, pp. 725-736.

Myers, N. Mittermeier, R.A. Mittermeier, C.G. Fonseca, G.A.B. and Kent, J., 2000. Biodiversity hotspots for
conservation priorities. Nature, 403, pp. 853-858.

NAP (National Academies Press), 2010. Water implication of biofuel production in the United States. [online]
Washington, D.C.: National Research Council of the National Academies, National Academies Press.
Available at: <http://www.nap.edu/catalog.php?record_id=12039> [Accessed May 1 2010].

Ndong, R. Montrejaud-Vignoles, M. Saint Girones, O. Gabrielles, B. Pirot, R. Domergue, M. and Sablayrolles,
C., 2009. GCB Bioenergy, 1, pp. 197-210.

OECD-FAQ, 2010. Agricultural Outlook 2010-2019. [online] Paris and Rome: OECD and FAQ. Available at:

[Accessed June 16 2010].

de Oliveira, M.E.D. Vaughan, B.E. and Rykeil, E.J.Jr., 2005. Ethanol as fuel: energy, carbon dioxide balances,
and ecological footprint. BioScience, 55, pp. 593-602.

47



48

References

de Oliveira, J.C.M. Reichardt, K. Bacchi, 0.0.S. Timm, L.C. Dourdo-Neto, D. Trivelin, PC.O. Tominaga, T.T.
Navarro, R.C. Piccolo, M.C. and Cassaro, FA.M., 2000. Nitrogen dynamics in a soil-sugar cane system.
Scientia Agricola , 57, pp. 467-472.

Oppenheimer, C. Tsanev, V.. Allen, A.G. McGonigle, A.J.S. Cardoso, A.A. Wiatr, A. Paterlini, W. and de
Mello Dias, C., 2004. NO2 emissions from agricultural burning in Sao Paulo, Brazil. Environtal Science and
Technology, 38, pp. 4557-4561.

Panichelli, L. Dauriat, A. and Gnansounou, E., 2009. Life cycle assessment of soybean-based biodiesel in
Argentina for export. International Journal of Life Cycle Assessment, 14, pp. 144-159.

Paumgarten, F. and Shackleton, C.M., 2003. Wealth differentiation in household use and trade in non-
timber forest products in South Africa. Ecological Economics, 68, pp. 2950-2959

Peh, K.S.-H. Sodhi, N.S. de Jong, J. Sekercioglu, C.H. Yap, C.A.-M. and Lim, S.L.-H., 2006. Conservation
value of degraded habitats for forest birds in southern peninsular Malaysia. Diversity and Distributions,
12, pp. 572-581.

Peh, K.S.-H. de Jong, J. Sodhi, N.S. Lim, S.L.-H. and Yap, C.A.-M., 2005. Lowland rainforest avifauna and
human disturbance: persistence of primary forest birds in selectively logged forests and mixed rural
habitats of southern peninsular Malaysia. Biological Conservation, 123, pp. 489-505.

Peterson, G.D. Beard T.D.E. Jr. Beisner, B.E. Bennett, E.M. Carpenter, S.R. Cumming, C.S. Dent, C.L. and
Havlicek, T.D., 2003. Assessing future ecosystem services: a case study of the Northern Highlands Lake
District, Wisconsin, Conservation Ecology, [online]. Available at: <http://www.consecol.org/vol7/iss3/
art1/> [Accessed July 10 2010].

Puppén, D., 2001. Environmental evaluation of biofuels. Periodica Polytechnica Social and Management
Sciences, 10, pp. 95-116.

Pyke, C.R. Thomas, R. Porter, R.D. Hellmann, J.J. Dukes, J.S. Lodge, D.M. and Chavarria, G., 2008. Current
practices and future opportunities for policy on climate change and invasive species. Conservation
Biology, 22, pp. 585-592.

Quirin, M. Gartner, S.0. Pehnt, M. and Reinhardt, G.A., 2004. CO2-neutrale wege zuklnftiger mobilitat
durch biokraftstoffe: eine bestandsaufnahme. [online] Frankfurt: FVV. Available at: <http://www.ufop.de/
downloads/Co2_neutrale_Wege.pdf> [Accessed June 29 2010].

Raghu, S. Anderson, R.C. Daehler, C.C. Davis, A.S. Wiedenmann, R.N. Simberloff, D. and Mack, R.N., 2006.
Adding biofuels to the invasive species fire? Science, 313, p. 1742.

Raish, C. and McSweeney, A.M., 2003. Economic, social, and cultural aspects of livestock ranching on the
espanola and canjilon ranger districts of the Santa Fe and Carson national forests: a pilot study. General
Technical Report RMRS-GTR-113. United States Department of Agriculture. Forest Service.

Rajagopal, D., 2008. Implications of India’s biofuel policies for food, water and the poor. Water Policy 10,
Supplement, pp. 95-106.

Reinhardt, G. Gartner, S. Rettenmaier, N. Munch, J. and von Falkenstein, E., 2007. Screening life cycle
assessment of jatropha biodiesel. [online] Heidelberg: Institute for Energy and Environmental Research.
Available at: <http://www.ifeu.org/landwirtschaft/pdf/jatropha_report_111207.pdf> [Accessed July 3
2010].

RFA (Renewable Fuels Agency), 2008. The Gallagher review of the indirect effects of biofuel production.
[online] London: RFA. Available at: <http://www.renewablefuelsagency.gov.uk/sites/renewablefuelsagency.
gov.uk/ files/_documents/Report_of_the_Gallagher_review.pdf> [Accessed May 20 2010].

Rist, J. Lee, J.S.H. and Koh, L.P, 2009. Biofuels: social benefits. Science, 326, p. 1344.

Rodriguez, J.P. Beard, T.D.R. Jr. Bennett, E.M. Cumming, G.S. Cork, S. Agard, J. Dobson, A.P. and Peterson,
G.D., 2006. Trade-offs across space, time, and ecosystem services, Ecology and Society., [online]. Available
at: <http://www.ecologyandsociety.org/vol11/iss1/art28/> [Accessed June 5 2010].

Room, PM., 1975. Diversity and organisation of the ground foraging ant faunas of forest, grassland and
tree crops in Papua, New Guinea. Australian Journal of Zoology, 23, pp. 71-89.



References

Royal Society, 2008. Sustainable biofuels: prospects and challenges. [online] London: Royal Society. Available
at: <http://royalsociety.org/Sustainable-biofuels-prospects-and-challenges/> [Accessed June 10 2010].

Rudaheranwa, N., 2009. Biofuel subsidies and food prices in the context of WTO agreements. [online]
London: Economic Affairs Division of the Commonwealth Secretariat. Available at: <http:/Avww.
thecommonwealth.org/files/214119/FileName/THT63BiofuelSubsidiesandFoodPrices.pdf> [Accessed May
32010].

Runge, C.F. and Senauer, B., 2008. How ethanol fuels the food crisis. [online]: Foreign Affairs. Available at:
<http://www.foreignaffairs.org/20080528faupdate87376/c-ford-runge-benjamin-senauer/how-ethanol-
fuels-the-food-crisis.html> [Accessed June 10 2010].

Sastry, N., 2002. Forest fires, air pollution, and mortality in southeast asia. Demography, 39, pp. 1-23

Schneider, R. Arima, E. Verissimo, A. Junior, C.S. and Barreto, P, 2000. Sustainable Amazon: limitations and
opportunities for rural development. World Bank Technical Paper, No. 515.

SCOPE (Scientific Committee on Problems of the Environment), 2009. Biofuels: environmental consequences
and interactions with changing land use. Proceedings of the SCOPE International Biofuels Project Rapid
Assessment. [online] Ithaca: SCOPE. Available at: <http://cip.cornell.edu/DPubS?service=UI&version=1.0
&verb=Display&handle=scope> [Accessed June 10 2010].

Scott, D.M. Gemita, E. and Maddox, T.M., 2004. Small cats in human modified landscapes in Sumatra. Cat
News, 40, pp. 23-25.

Shapouri, H. Duffield, J. and Wang, M., 2002. The energy balance of corn ethanol: an update. [online]
Washington D.C.: USDA. Available at: <http://www.transportation.anl.gov/pdfs/AF/265.pdf> [Accessed
July 26 2010].

Sheil, D. Casson, A. Meijaard, E. Noordwijk, Mv. Gaskell, J. Sunderland-Groves, J. Wertz, K. and Kanninen,
M., 2009. The impacts and opportunities of oil palm in Southeast Asia: what do we know and what do
we need to know? Center for International Forestry Research (CIFOR), Bogor. Available at: < http://Awww.
cifor.cgiar.org/Knowledge/Publications/Detail ?pid=2792 > [Accessed July 10 2010].

Skole, D. Chometowski, W. Salas, W. and Nobre, A., 1994. Physical and human dimensions of deforestation
in Amazonia. Bioscience, 44, pp. 314-322.

Smeets, E. Junginger, M. Faaij, A. Walter, A. Dolzan, P. and Turkenburg, W., 2008. The sustainability of
Brazilian ethanol: an assessment of the possibilities of certified production. Biomass and Bioenergy, 32,
pp. 781-813.

Smeets, E. Junginger, M. Faaij, A. Walter, A. and Dolzan, P, 2006. Sustainability of Brazilian bioethanol.
[online] Utrecht: Copernicus Institute, University of Utrecht. Available at: <http://np-net.pbworks.com/f/
Smeets+et+al+(2006)+Sustainability+of+Brazilian+bioethanol,+Copernicus+Institute+%26+Unicamp.
pdf > [Accessed May 16 2010].

Sparovek, G. Berndes, G. Egeskog, A. de Freitas, FL.M. Gustafsson, S. and Hansson, J., 2007. Sugar cane
ethanol expansion in Brazil: an expansion model sensitive to socioeconomic and environmental concerns.
Biofuels, Bioproducts and Biorefining, 1, pp. 270-282.

Sparovek, G. and Schnug, E., 2001. Temporal erosion-induced soil degradation and yield loss. Soil Science
Society of America journal, 65, pp. 1479-1486

S&T Consultants, 2006. Sensitivity analysis of GHG emissions from biofuels in Canada. S&T Consultants,
Delta.

Stephenson, A.L. von Blottnitz, H. Brent, A.C. Dennis, J.S. and Scott, S.A., 2010. Global warming potential
and fossil-energy requirements of biodiesel production scenarios in South Africa. Energy Fuels, 24, pp.
24-89-2499.

Sto, E. Standbacken, P. Scheer, D. and Rubik, F., 2005. Background: theoretical contributions, eco-labels
and environmental policy. In: Rubik, F. and Frankl, P. (eds.), 2005. The future of eco-labeling: making
environmental product information systems effective. Sheffield: Greenleaf Publishing, pp. 16-45.

49



50

References

Stromberg, P. Esteban, M. and Thompson-Pomeroy, D., 2009. UNU-IAS Policy Report: Interlinkages in climate
change: vulnerability of a mitigation strategy? Impact of increased typhoon intensity on biofuel production
in the Philippines. [online] Yokohama: United Nations University Institute of Advanced Studies. Available
at: < http://www.ias.unu.edu/sub_page.aspx?catiD=111&ddlID=1112> [Accessed February 5 2010].

Tacconi, L., 2003. Fires in Indonesia: causes, costs and policy implications. CIFOR Occasional Paper No. 38.
Center for International Forestry Research (CIFOR), Bogor. Available at < http://www.cifor.cgiar.org/fire/
pdf/pdf23.pdf > [Accessed April 3 2010].

Tauli-Corpuz, V. and Tamang, P, 2007. Oil palm and other commercial tree plantations monocropping:
impacts on indigenous peoples’ land tenure and resource management systems and livelihoods. In: Forum
on Indigenous Issues, Sixth Session. New York, USA 14-25 May 2007. Available at: <http:/Avww.un.org/
esa/socdev/unpfii/ documents/6session_crp6.doc> [Accessed July 4 2010].

Tengnas, B. and Nilsson, B., 2003. Soybean: where is it from and what are its uses? World Wildlife Fund,
Sweden. A report prepared for the World Wildlife Fund of Sweden. Draft. Available at: <http://Awww.wwif.
de/downloads/publikationsdatenbank/ddd/10978/> [Accessed April 23 2010].

Tomei, J. and Upham, P, 2009. Argentinean soy-based biodiesel: An introduction to production and impacts.
Energy Policy 37 (10), pp. 3890-3898

Tominaga, T.T. Cassaro, FA.M. Bacchi, 0.0.S. Reichardt, K. Oliveira, J.C. and Timm, L.C., 2002. Variability
of soil water content and bulk density in a sugar cane field. Australian Journal of Soil Research , 40, pp.
605-614.

UNEP (United Nations Environment Programme), 2009. Towards sustainable production and use of
resources: assessing biofuels. [online] Nairobi: UNEP. Available at: <http:/Awww.unep.fr/scp/rpanel/pdf/
Assessing_Biofuels_Full_Report.pdf> [Accessed May 1 2010].

Unnasch, S. and Pont, J., 2007. Full fuel cycle assessment: well to wheels energy inputs, emissions, and
water impacts. [online] Cupertino: California Energy Commission. Available at: <http://www.energy.
ca.gov/2007publications/CEC-600-2007-004/CEC-600-2007-004-F.PDF> [Accessed April 4 2010].

USDA, 2006. USDA land retirement programs. In: Wiebe, K. and Gollehon, N., 2006. Agricultural resources
and environmental indicators. Economic Research Service. Available at: <http://Awww.ers.usda.gov/
Publications/AREI/EIB16/> [Accessed 21 January 2010].

de Vries, S.C. van de Ven, G.W.J. Ittersum, M.K. and Giller, K.E., 2010. Resource use efficiency and
environmental performance of nine major biofuel crops, processed by first-generation conversion
techniques. Biomass and Bioenergy, 34, pp. 588-601.

Wang, M. and Hag, Z., 2008. Letter to Science in response to Searchinger, et al. (2008). [online] (7 February
2008) Available at: <http://www.bioenergywiki.net/images/0/0a/Michael_Wang-Letter_to_Science_
ANLDOE_03_14_08.pdf> [Accessed May 10 2010].

Wilcove, D.S. and Koh, L.P, 2010. Addressing the threats to biodiversity from oil palm agriculture. Biodiversity
Conservation 19, pp. 999-1007.

Wu, T.,Y., Mohammad, A.W., Jahim, J.M. and Anuar, N., 2010. Pollution control technologies for the
treatment of palm oil effluent (POME) through end-of-pipe processes. Journal of Environmental
Management, 91, pp.1647-1490.

Yan, J. and Lin, T., 2009. Biofuels in Asia. Applied Energy 86, Supplement 1, pp. S1-510.

Zah, R., Boni, H., Gauch, M., Hischier, R., Lehmann, M., Wéger, P., 2008. Life cycle assessment of energy
products: environmental impact assessment of biofuels. [online] St. Gallen: ETH - EMPA. Available at:
<http://www.bfe.admin.ch/php/modules/publikationen/stream.php?extlang=en&name=en_667574407.
pdf> [Accessed July 26 2010].

Zhou, A. and Thoson, E., 2009. The development of biofuels in Asia. Applied Energy 86, Supplement 1,
pp. $11-520.

Olz, S., Beerepoot, M. (2010) Deploying Renewables in Southeast Asia. Trends and potentials. International
Energy Agency. Working Paper. Paris. Available at: < http://www.iea.org/papers/2010/Renew_SEAsia.

pdf> [Accessed September 2 2010].




The United Nations University System

The United Nations University System

The United Nations University (UNU) comprises research and training institutes and programmes located in
12 countries around the world. The UN University system is led and administered by headquarters based in
Tokyo, with outposts in Bonn, Kuala Lumpur, New York, and Paris. The academic work of the UNU is carried
out by a global system of research and training institutes and programmes.

UNU Research and Training Centres or Programmes (RTC/Ps)

UNU-BIOLAC - The UNU Programme for Biotechnology in Latin America and the Caribbean
(Caracas, Venezuela)
URL http://www.biolac.unu.edu/

UNU-CRIS - The UNU Institute on Comparative Regional Integration Studies (Bruges, Belgium)
URL http://Awww.cris.unu.edu/

UNU-EHS - The UNU Institute for Environment and Human Security (Bonn, Germany)
URL http:/Awww.ehs.unu.edu/

UNU-FNP - The UNU Food and Nutrition Programme for Human and Social Development (ithaca,
New York, USA)
URL http://www.fnp.unu.edu/

UNU-FTP - The UNU Fisheries Training Programme (Reykjavik, Iceland)
URL http:/Avww.unuftp.is/

UNU-GTP - The UNU Geothermal Training Programme (Reykjavik, Iceland)
URL http:/Awww.unugtp.is/

UNU-IAS - The UNU Institute of Advanced Studies (Yokohama, Japan)
URL http://www.ias.unu.edu/

UNU-IIGH - The UNU International Institute for Global Health (Kuala Lumpur, Malaysia)
URL http:/Avww.iigh.unu.edu/

UNU-IIST - The UNU International Institute for Software Technology (Macao, China)
URL http:/Awvww.iist.unu.edu/

UNU-INRA - The UNU Institute for Natural Resources in Africa (Accra, Ghana)
URL http:/Awww.inra.unu.edu/

UNU-INWEH - The UNU Institute for Water, Environment and Health (Hamilton, Ontario, Canada)
URL http:/Avww.inweh.unu.edu/

UNU-ISP — The UNU Institute for Sustainability and Peace (Tokyo, Japan)
URL http://Awww.isp.unu.edu/

UNU-MERIT - The UNU Maastricht Economic and Social Research Training Centre on Innovation
and Technology (Maastricht, Netherlands)
URL http://www.merit.unu.edu/

UNU-WIDER - The UNU World Institute for Development Economics Research (Helsinki, Finland)
URL http:/Awww.wider.unu.edu/

UNU Administrative and Academic Service Units

UNU Centre — Tokyo (Japan)
URL http://www.unu.edu

UNU Centre — Kuala Lumpur (Malaysia)

The UNU Vice-Rectorate in Europe (UNU-VIE; Bonn, Germany)
URL http://Awww.vie.unu.edu/

The UNU Office at the United Nations (New York, USA)
URL http:/Avww.ony.unu.edu/

The UNU Office at UNESCO (Paris, France)
URL http://op.unu.edu/



UNU-IAS Policy Report

Impacts of Liquid Biofuels on
Ecosystem Services and Biodiversity

Per M. Stromberg, Alexandros Gasparatos, Janice S.H. Lee, John Garcia-Ulloa,
Lian Pin Koh and Kazuhiko Takeuchi

Ecosystem services are benefits people obtain from ecosystems. In this report, the ecosystem
services concept is used to rationalise the existing evidence about biofuels' impact on
ecosystems. It is shown that biofuels can provide a number of ecosystem services (e.g.
fuel, climate regulation) while compromising others (e.g. food, freshwater services). At the
same time, it is also shown why biofuel expansion is currently being considered as one of
the main emerging threats to biodiversity, particularly in highly biodiverse areas such as
in Indonesia and Brazil. A combination of response options such as designer landscapes,
Payment for Ecosystem Services (PES), Reduction of Emissions from Deforestation and
Degradation (REDD), and biofuel certification will have to be put in place to minimise the
negative impacts of biofuel expansion on ecosystem services and biodiversity.
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