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Energy ratio (fossil/renewable);
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Impacts on biodiversity;
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Abstract

It is estimated that in 2008 about 13% of the world primary supply
was covered by renewable energy (RE) sources, being biomass the
most important contributor (slightly higher than 10%). Due to a set
of reasons, but mainly due to the required reduction of greenhouse
gas (GHG) emissions, it is predicted that RE will become more
important in the years to come, covering almost 30% of the total
primary energy supply in 2050 in a less ambitious scenario concerned
to the deployment of RE, or even 45-75% in the same year (in case
of the scenarios with the highest share of RE) (IPCC, 2011a).

According to a recent report published by IPCC (2011a), bioenergy
should give the most important contribution among all RE, mainly in
the transport and in the industrial sectors. However, modern biomass
shall be also relevant for the residential sector and for electricity
generation.



Sustainability has been recognized as an essential aspect for the
future of bioenergy and mainly for the consolidation of bioenergy
sources in the international markets. The discussion about
sustainability has become even more important due to growing the
production of biofuels and, in particular, gained momentum during
and after the food crisis in 2007-2008. Nevertheless, biofuels
accounted for only 2% of global road transport fuel demand in 2008
and nearly 3% in 2009.

The main demands regarding sustainability come from the most
organized sectors of the society and have induced specific actions in
Europe and in North America. The focus in US has been only on
avoided GHG emissions regarding fossil fuels, while the EU Renewable
Energy Directive (RED) also addresses potential impacts on
biodiversity, on water resources and on food supply, besides the
respect of human, labour and land use rights. These sustainability
initiatives have motivated the proposition of certification schemes and
it is predicted that without a certified production it won't be difficult
to reach the most important markets.

One of the main conclusions of the recent IPCC (2011b) report is that
besides gains on feedstock productivity and improvements of
conversion technologies, expanding bioenergy production will require
land and water use management and a refined understanding of the
complex social, energy and environmental interactions associated
with bioenergy production and use.

The topics that will be addressed in this tutorial are currently the
main issues in the international bioenergy sustainability agenda, such
as (a) the energy and the GHG balances, (b) the direct and the
indirect impacts to land use change (LUC), (c) the impacts of
feedstocks production and biomass conversion into water resources,
and (d) the impacts over the biodiversity. The aim of the tutorial is
giving to the participants an overview about what has been required
regarding each sustainability aspect (e.g., principles, criteria and
indicators), the state-of-art of the knowledge available, the
methodologies mostly used, and further required actions.

As there is great expectation of bioenergy for reducing GHG
emissions, currently the priority is on evaluating the avoided
emissions in comparison to the energy source displaced. Most
bioenergy systems result in GHG emission reductions but, in some
sustainability initiatives, such as the EU-RED, minimum thresholds
have been defined. The existing regulation sets that the emissions
shall be evaluated along the life cycle of the energy sources and that
the impacts due to land use change shall be taken into account.
Despite all uncertainties about the indirect impacts of LUC (iLUC) over
GHG emissions (e.g., these impacts are not directly observable,
modelling is complex, results are imprecise and the difficult of



attributing the impacts to a single cause) there is a tendency of
taking iLUC into account.

Also regarding GHG emissions, another factor with considerable
uncertainties are those of nitrous oxide emissions during feedstock
production, mainly due to the application of fertilizer and to the
disposal of organic residues on soil.

In addition, the energy balance of bioenergy production is an
important indicator for evaluating its sustainability, first for
understating the rationale of the energy conversion process and,
second, because of the impact of the energy balance over the GHG
balance (mainly because of the consumption of fossil energy sources
along the production process). In this tutorial some of the indicators
mostly used for expressing the energy balance will be presented
(such as the EROEI - energy-return-on-energy-invested), and typical
figures of some bioenergy carriers will be analyzed.

Recently, a priority regarding bioenergy production is the potential
impacts over water resources, both considering water availability and
its quality. Obvious that this relevance is due to the fact water is a
critical natural resource in many regions of the world, and also due to
the high water consumption in agricultural activities. However, there
is still a lot to be done for improving water use efficiency in
agriculture and, in addition, some of the concerns are based on a still
very poor knowledge regarding impacts on water resources.

Similarly, the potential impacts of large scale biomass production
over biodiversity have been a burning issue. There are still scientific
uncertainties regarding the methods of impact assessment and also
superficial knowledge about the biomes that shall be protected and
about what should be preserved. However, based on the
precautionary principle and also on the existing expertise, it is clear
that large-scale monocultures and the displacement of natural areas
for biomass production are practices that should be avoided. In
addition, there are sensitive biomes that shall be preserved and this
justifies the attempt of defining no-go areas. Moreover, the adoption
of best agricultural practices, besides the definition of areas suitable
for biomass production, is practices that should be disseminated.

The final part of the tutorial will be devoted for the discussion of
further actions, considering required improvements in the scientific
knowledge, know-how dissemination, support for the adoption of best
practices and definition of public policies that would really foster
sustainability improvement.
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