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Bioenergy from crops and biomass residues: a consequential life-cycle assessment
including land-use changes

Davide Tonini, Thomas Astrup
Department of Environmental Engineering, Technical University of Denmark (DTU), 2800
Kgs. Lyngby, Denmark. Mail: dait@env.dtu.dk

Biofuels are promising means to reduce fossil fuel depletion and mitigate greenhouse-gas
(GHG) emissions. However, recent studies questioned the environmental benefits earlier
attributed to biofuels, when these involve land-use changes (direct/indirect, i.e., dLUC/iLUC)
(1-5). Yet, second generation biofuels produced from residual biomass promise important
environmental savings. However, since these residues are today in-use for specific purposes
(e.g., feeding), a detailed modelling of the consequences (e.g., on the feed-market) induced
by their diversion to energy should be performed to represent the actual environmental
impacts.

This study quantified the GHG emissions associated with a number of scenarios involving
bioenergy production (as combined-heat-and-power, heating, and transport biofuel) from
energy crops, industrial/agricultural residues, algae, and the organic fraction of municipal
solid waste. Four conversion pathways were considered: combustion, fermentation-to-
ethanol, fermentation-to-biogas, and thermal gasification. A total of 80 bioenergy
scenarios were assessed. Consequential life-cycle assessment (CLCA) was used to quantify
the environmental impacts. CLCA aimed at identifying all the consequences associated with
the establishment of bioenergy systems compared with the reference (current use of fossil and
biomass resource). The modelling was facilitated with the LCA-model EASETECH. The
functional unit was 1 unit-energy produced (i.e., 1 kWh electricity, 1 MJ heat or 1 MJ
transport-biofuel, depending on the energy-service provided by the individual scenarios). The
benefits derived from the use of the co-products were included.

Results revealed that iLUC GHG emissions were the major contributor to the total GHG
impact (up to ca. 50%). For energy crops, the impact from iLUC was in the range 1.5-3.5 kg
COp.eq. kg crop. Overall, bioenergy production from municipal solid waste and
agricultural/industrial residues should be prioritized over cultivation of energy crops. This
holds true as long as these residues are not today used as animal feed. Results also
demonstrated that algae represent an interesting alternative to terrestrial energy crops.

This study provides GHG emission factors for a wide number of bioenergy scenarios. The
aim is to inform decision/policy makers on the environmental consequences of producing



biofuels from different sources, and for a variety of energy-services. Further, a new LCA-
model (EASETECH) for bioenergy assessment is presented.

2. Searchinger T.; Heimlich R.; Houghton R.A.; Dong F.; Elobeid A.; Fabiosa J.; Tokgoz S.;
Hayes D.; Yu T.-H. Use of U.S. croplands for biofuels increases greenhouse gases through
emissions from land-use change. Science 2008, 319 (5867), 1238-1240.

3. Searchinger, T.D. Biofuels and the need for additional carbon. Environmental Research
Letters 2010, 5 (2), 024007-024007.

5. Tonini, D.; Hamelin, L.; Wenzel, H.; Astrup, T. Bioenergy Production from Perennial
Energy Crops: A Consequential LCA of 12 Bioenergy Scenarios including Land Use
Changes. Environ. Sci. Technol. 2012, 46 (24), 13521-13530.

8. De Vries, J.W.; Vinken, T.M.W.J.; Hamelin, L.; De Boer, 1.J.M. Comparing environmental
consequences of anaerobic mono- and co-digestion of pig manure to produce bio-energy — A
life cycle perspective. Bioresour. Technol. 2012, 125 (0), 239-248;
http://dx.doi.org/10.1016/j.biortech.2012.08.124.

13. Hamelin, L.; Naroznova, I.; Wenzel, H. Environmental consequences of different carbon
alternatives for increased manure-based biogas. Appl. Energy 2014, 114 (0), 774-782;
http://dx.doi.org/10.1016/j.apenergy.2013.09.033.

5. Damgaard, A.; Clavreul, J.; Baumeister, H.; Christensen, 558 T.H. Modelling sensitivity and
uncertainty in a LCA model for waste management systems - EASETECH. Proceedings of
Sardinia 2013 X1Vt International Waste Management and Landfill Symposium, S. Margherita di
Pula, Italy, 30 September — 4 October, 2013; Cossu, R., He, P., Kjeldsen, P., Matsufuji, Y.,
Reinhart, D., Stegmann, R., Eds.; CISA: Padova, 2013.


http://dx.doi.org/10.1016/j.biortech.2012.08.124
http://dx.doi.org/10.1016/j.apenergy.2013.09.033

