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Abstract Increasingly, government regulations, volun-
tary standards, and company guidelines require that biofuel
production complies with sustainability criteria. For some
stakeholders, however, compliance with these criteria may
seem complex, costly, or unfeasible. What exiting tools,
then, might facilitate compliance with a variety of biofuel-
related sustainability criteria? This paper presents four
existing tools and methodologies that can help stakeholders
assess (and mitigate) potential risks associated with feed-
stock production, and can thus facilitate compliance with
requirements under diVerent requirement systems. These
include the Integrated Biodiversity Assessment Tool
(IBAT), the ARtiWcial Intelligence for Ecosystem Services
(ARIES) tool, the Responsible Cultivation Areas (RCA)
methodology, and the related Biofuels + Forest Carbon
(Biofuel + FC) methodology.
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Introduction

Biofuel production and use has the potential to generate
notable beneWts, among them rural income generation,
diversiWcation of energy sources, and increased export

income. If done well, feedstock production can form part
of a rural economy that generates economic value while
protecting the provision of ecosystem services such as
carbon sequestration and water quality and Xow, main-
taining local food security, and respecting community
rights. If best practices are not followed, however,
increasing biofuel feedstock production could be associ-
ated with negative impacts such as a net increase in green-
house gas emissions, clearing or degradation of natural
habitats, lost capacity for ecosystem service provision,
reduced food security, or loss of land rights and local live-
lihood options [8].

Recognizing the need to ensure that biofuel production
follows recognized best practices, and thus achieves its
potential beneWts, a number of systems containing sustain-
ability criteria have been put into place. Some, such as the
European Union’s Renewable Energy Directive and the
United States’ Renewable Fuels Standard, are mandatory
government regulations applicable to all biofuels produced
within (or imported into) the relevant country or region.
Other standards are voluntary, with actors along the supply
chain choosing to adhere to the relevant set of principles
and criteria. These include the Roundtable on Sustainable
Palm Oil, the Roundtable on Sustainable Biofuels, the
Round Table on Responsible Soy, the Better Sugarcane Ini-
tiative, and the Forest Stewardship Council, among others.
Finally, many companies––whether feedstock producers,
blenders, end users, or another proWle—have chosen to
adopt their own policies and guidelines on sustainability.

Complying with the panoply of sustainability criteria can
be confusing, complex, and costly. However, a number of
existing tools and methodologies are available to help per-
form the necessary evaluations and support sound decision-
making, in line with the types of sustainability criteria
noted above. Four of these are outlined below.
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Results and discussion

Stakeholders seeking to assess project development
options, evaluate potential suppliers, or comply with certiW-
cation criteria on biodiversity and ecosystem services may
Wnd two existing tools especially useful.

The Integrated Biodiversity Assessment Tool (IBAT)
[13, 14] is an online tool that integrates spatial and tabular
information on major global compilations of conservation
data such as the World Protected Areas Database [15],
International Union for Conservation of Nature (IUCN)
Red List of Threatened Species [7] and emerging spatial
databases of globally signiWcant sites mapped by national
partners according to IUCN best practice guidelines for gap
analysis [10]. As such, it serves as a critical Wrst step to sup-
port decision-making by making this information easily
accessible to diverse practitioners and facilitating the
assessment of biodiversity risk at a site level. IBAT also
highlights data. These Wne-scale data sets are drawn from
national and regional sources (e.g., governments, NGOs,
and academic institutions) on globally threatened species,
protected areas, and other sites that align with critical habi-
tat criteria used by a number of major development banks
(e.g., [5, 6]). IBAT was developed by a consortium includ-
ing BirdLife International, Conservation International (CI),
the IUCN, and the World Conservation Monitoring Centre
(UNEP-WCMC), in close consultation with leaders in the
private and public sector. IBAT guides users in identifying
critical issues around globally signiWcant national priorities
and so informs development of responsible strategies for
proposed or existing biofuel production landscapes that
may intersect with or be situated adjacent to sites that are
globally important for biodiversity. The on-line version of
the tool was oYcially released in October 2008 and has
been adopted by several large multinational corporations
and multilateral development banks for internal project
review. In just one example, IBAT users discovered a
RAMSAR wetland located in close proximity to a proposed
project (J. van de Staaij, pers. comm.). Based on the infor-
mation identiWed through IBAT, developers were able to
take the wetland into account during project design and
propose appropriate risk mitigation strategies. Having con-
solidated information easily available improved the project
design and management strategy, and minimized risk to the
wetland. Because IBAT is applied by both private sector
stakeholders and multilateral development banks, it
improves the alignment between public and private sector
environmental safeguards and facilitates the practical
implementation of those safeguards at the project level.
IBAT is available at http://www.ibatforbusiness.org.

ARtiWcial Intelligence for Ecosystem Services (ARIES) is
a Web-accessible analytical tool that assesses the provision,
use, and Xow of ecosystem services on a user-identiWed

landscape, using a range of technologies, such as probabi-
listic Bayesian models, machine learning, and pattern
recognition. This allows users to evaluate and compare
alternative policy and land-use scenarios in terms of their
impact on the provision, Xow, and beneWciaries of ecosys-
tem services such as carbon storage and water supply. Its
use of sophisticated statistical models provides a frame-
work for tracking uncertainty and multiple-scaled informa-
tion in a fully transparent way. The system is under
development by a consortium of academic institutions and
non-governmental organizations including CI, Earth Eco-
nomics, and the University of Vermont. A beta version of
the tool has been on-line since March 2010, and is available
at http://www.ARIESonline.org.

Among the many methodologies and models available
for land-use planning, two are especially relevant to compa-
nies seeking to promote best practices in sustainable feed-
stock production. Both have been designed to be practical
and easily applied by any interested company or actor with
relevant expertise, thus facilitating the adoption of best
practices in land-use decisions for feedstock production
throughout the biofuels industry.

The Responsible Cultivation Areas (RCA) methodology
[4] allows for the identiWcation of sites suitable for feed-
stock cultivation without signiWcant negative impacts on
High Conservation Values (HCV), carbon stocks, land
rights, or the displacement of food production or other pro-
ductive activities. Feedstocks produced on these sites using
best practices would allow for the full range of beneWts bio-
fuel production and use can provide, without the potential
negative direct and indirect impacts associated with some
feedstock production. The RCA methodology is designed
to be practical for eYcient application, combining two
desktop assessments, based on the best available existing
information, with Weld work to generate any missing data
and groundtruth the results of the desktop assessment. It is
universally applicable, relevant to any feedstock in any
region. It is also non-proprietary; any actor can apply the
methodology for project development, evaluation, or land-
use planning. The RCA methodology was developed by a
consortium led by Ecofys in collaboration with CI and the
World Wide Fund for Nature (WWF), and has been pilot-
tested under diverse conditions in both Brazil and Indonesia
with the participation of relevant actors in the biofuel sup-
ply chain. The pilot test in the state of Pará, Brazil, [2] led
by CI, showed the methodology to be eVective in identify-
ing suitable areas for oil palm production, and which had a
low risk of provoking displacement or causing negative
social or environmental impacts. A local oil palm company
conWrmed that the methodology was appropriate for opera-
tions, and could be easily adopted. Pilots in São Paulo state
in Brazil [3] and West Kalimantan in Indonesia [1, 11, 12]
(the latter led by WWF) showed similarly promising
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results. The RCA methodology has proven to provide a
practical framework for decision-makers in the public and
private sectors, because it ensures sustainability in the eco-
nomic, environmental, and social dimensions of feedstock
production.

The Biofuels + Forest Carbon (Biofuel + FC) policy
model [9] links the cultivation of biofuels with forest con-
servation, capitalizing on carbon markets to help subsidize
feedstock production on “degraded” or “underutilized”
lands, such as RCAs. By channeling feedstock production
to these areas while at the same time providing incentives
for forest conservation or restoration, the Biofuel + FC
model helps stabilize the forest frontier while providing
options for rural economic growth. The model includes two
diVerent strategies, depending on the characteristics of the
local context. In areas where there is substantial standing
forest, the model proposes a ratio of 4:1 forest conservation
to biofuel cultivation, linked to proposals for reducing
emissions from deforestation and forest degradation
(REDD + Biofuel) on the voluntary carbon market.1 In
areas where most forest has been cleared, the model stipu-
lates a ratio of 9:1 biofuel cultivation to reforestation on
degraded landscape (RDL + Biofuel), linked to the aVores-
tation/reforestation component of the Clean Development
Mechanism or to the voluntary carbon market. Both biofuel
production options would be limited to the cultivation of
woody perennial biofuel species on low biomass land-
scapes in order to maximize the carbon beneWts of the pro-
posed policy model. Models that have been run for Wve
diVerent countries show the opportunity to generate signiW-
cant levels of biofuel production while reducing emissions
and increasing forest conservation far above business as
usual scenarios. The Biofuel + FC policy model would
leverage forest carbon with biofuel markets, which would
reduce greenhouse gas emissions and conserve biodiver-
sity, as well as improve human welfare in developing coun-
tries, a win–win–win strategy for sustainable development.

Conclusions

To fully harness the potential beneWts of biofuel production
and avoid the negative eVects, sustainability criteria are
being proposed by regulators, standards organizations, and
companies. Tools such as IBAT and ARIES can help actors
assess compliance with these criteria, incorporating poten-
tial risks and impacts into project development and man-
agement, as well as sourcing and investment decisions. The
RCA methodology, as well as the Biofuel + FC policy
model, can be eVective in identifying the most appropriate

areas for feedstock production while safeguarding forests
and other natural ecosystems and protecting the rights of
local communities. Applying these existing tools, method-
ologies, and models is an eVective and eYcient way not
only to comply with sustainability criteria but to move
beyond basic requirements and demonstrate leadership on
sustainability issues within the biofuels industry. Producing
biofuels while conserving ecosystems, ecosystem services,
biodiversity, and community rights is indeed a scenario
where everyone wins.
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