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h i g h l i g h t s

� LCA was used to evaluate an ethanol plant converting pulp and paper sludge.
� Enzymatic hydrolysis and neutralisation of the CaCO3 are the environmental hotspots.
� Neutralisation and subsequent CO2 emissions is specific to this raw material.
� Two optimisation scenarios were developed (reduced HCl usage and co-fermentation).
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This work evaluates the environmental performance of using pulp and paper sludge as feedstock for the
production of second generation ethanol. An ethanol plant for converting 5400 tons of dry sludge/year
was modelled and evaluated using a cradle-to-gate life cycle assessment approach. The sludge is a burden
for pulp and paper mills that is mainly disposed in landfilling. The studied system allows for the valori-
sation of the waste, which due to its high polysaccharide content is a valuable feedstock for bioethanol
production. Eleven impact categories were analysed and the results showed that enzymatic hydrolysis
and neutralisation of the CaCO3 are the environmental hotspots of the system contributing up to 85%
to the overall impacts. Two optimisation scenarios were evaluated: (1) using a reduced HCl amount in
the neutralisation stage and (2) co-fermentation of xylose and glucose, for maximal ethanol yield. Both
scenarios displayed significant environmental impact improvements.
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1. Introduction target of 0.5% for biofuels produced from lignocellulosic materials.
Bioethanol is currently used in commercial gasoline blends,
mainly produced through conventional first generation technology,
which relies on dedicated energy crops competing with arable land
for food and feed. The EU directive 2009/28/EC (European
Commission, 2009) stipulates a mandatory target of 10% incorpora-
tion of renewable energy in the transport sector by 2020 and
second-generation (advanced)biofuelsproduced fromlignocellulosic
wasteswill countdouble towards this target.A revisionof2009/28/EC
directivewas recently approved by EU and shall soon enforce a cap of
7% on first generation biofuels as well as a non-binding reference
In Europe, some demo and flagship plants are already deployed for
advanced bioethanol production from lignocellulosic materials,
namely Beta-Renewables’ flagship plant in Crescentino (Italy),
Inbicon’s demoplant inKalundborg (Denmark), Clariant’s demoplant
in Straubing–Munich (Germany), among others.

Pulp and paper sludge might also be an interesting feedstock for
advanced bioethanol production due to its high polysaccharide
content. Moreover, its usage for bioethanol production has the
advantage of avoiding its disposal in landfill, thereby reducing
the corresponding environmental and economic impact (Monte
et al., 2009). Polysaccharides present in this sludge are highly
accessible to enzymatic hydrolysis due to the physical and chemi-
cal processing undertook during pulp and paper manufacturing
(Marques et al., 2008a). This characteristic avoids the costly pre-
treatment step usually required with unprocessed lignocellulosic
feedstocks. In 2013, the Portuguese pulp and paper industry
generated 350 000 tons of dry sludge (2013 data from CELPA the
Portuguese pulp and paper association). The feasibility of using
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