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The pulp and paper industry (PMI) ranks fourth in terms of worldwide energy consumption. In 
Europe, 917 mills within the 633 companies represented by CEPI (Confederation of European 
Paper Industries) have an annual electricity consumption over 100 000 GWh with a total fuel 
consumption of ca. 1 million TJ (CEPI, 2016). A part from the high-energy demand, pulp and 
paper production also results in solid wastes, air emissions, and wastewater effluents, giving 
to this sector a strategic role in the European climate change mitigation strategy. Data from 
2015 show that the direct CO2 emissions were ca. 32 megatonnes, giving a specific emission 
of 0.31 kgCO2 per ton of product (CEPI, 2016).  
Despite the commitment of the PMI to reduce carbon emissions, the worldwide pulp and paper 
demand and production are predicted to increase significantly until 2050, leading to an 
increase in this industry’s absolute energy use and, potentially, greenhouse gas (GHG) 
emissions. Thus, development of new energy-efficient and GHG mitigating 
technologies/concepts will be crucial for the PMI’s mid- and long-term climate change 
mitigation strategies.  
One part in the strive to obtain a better energy balance for pulp and paper production is to 
produce biogas from the wastewaters and organic residues generated in the process. The 
biogas production can in Europe be increased and geographically spread by exploring this 
potential, thus, plays a significant contribution to achieve the European far-reaching and 
ambitious climate change commitments. An estimate based on the Swedish pulp and paper 
production show a biomethane potential of around 1 TWh from its wastewaters and residues 
(Magnusson and Alvfors, 2012; Larsson, 2015). 1TWh corresponds to ~60% of the Swedish 
biogas production 2015. However, current conventional activated sludge treatment (AST) 
operation, prevent an efficient processing of this potential energy as the ASTs are run to 
minimised wastewater sludge production by applying high sludge age (over 15 days). The 
high sludge age result in a starved waste activated sludge (WAS) with low digestibility and 
methane yields. Conversely, by decreasing the sludge age in the AST an increase in both 
sludge volumes and methane potential can be achieved (Ge et al., 2013). This assumption 
was supported by a pilot run at a Swedish mill (manuscript in preparation). A sludge age 
reduction from 12 days to 4 days allowed to increase the biosludge methane potential by 30%, 
from 90 Nm3/ton VS to 115 Nm3/ton VS. Further reduction of the sludge age to 2 days showed 
a methane potential of 170 Nm3/ton VS of biosludge (+90%). No disturbances in terms of total 
organic carbon (TOC) reduction in the aerobic step were observed.  
At present, this concept is applied to a full-scale case study called EffiSludge for LIFE. 
EffiSludge for LIFE is a 4 years demonstration project receiving financial support from the 
European LIFE programme for Climate Change Mitigation and aims to modify the current 
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operation of the onsite wastewater treatment (WWT) plant at the Norske Skog mill in Skogn 
(Norway). The objective is to increase the organic load and reduce the sludge age in the AST, 
thus increasing both the sludge production and the methane potential while reducing the 
overall energy demand for operating the WWT. With a production capacity of 500 000 ton/year, 
the mill is processing about 20 000 m3 wastewater per day. The implementation of EffiSludge 
condition (low sludge age) are expected to increase the WAS production from the current 0.2 
kg SS/kg CODred to over 0.35 kg SS/kg CODred. The WAS will be co-digested with external 
biomass (fish waste) for liquid biogas production. Furthermore, rejected water from the 
dewatering of digested sludge, will be recirculated to the aerobic basin thus providing the main 
share of the required amount of nitrogen and phosphorus currently supplied by external 
addition of urea and phosphoric acid. Overall, the combination of increased organic load/low 
sludge age (reducing the need of aeration), the onsite biogas production and the nutrient 
recirculation is expected to generate a carbon saving for the mill equals to 8000 ton CO2 per 
year. 
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