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Bioenergy combined with carbon capture and storage, BECCS, could provide firm base load power while removing 
CO2 from the atmosphere. This unique feature makes it the predominant solution in the IPCC AR5 scenarios 
(IPCC, 2014) where it accounts for a substantial fraction of primary energy supply in half of the emissions 
pathways (Fuss et al., 2014). Such a demand for biomass would require large, integrated supply chains, whose 
embedded emissions could not only challenge the carbon negativity of BECCS – the underpinning concept of this 
option – but would also compete with other resources – such as water and land - already affected by global 
warming (UN Water, 2005). In this contribution, we present a whole-systems analysis of the biomass supply chain 
associated with a range of bioenergy materials – both energy dedicated crops (miscanthus, switchgrass, short 
rotation coppice willow), and agricultural residues (wheat straw) – supplied from different regions and land types, 
and converted in dedicated fired power stations in conjunction with post-combustion CCS technology. The water, 
carbon and energy footprints of each combination were calculated and their impact on the overall system net 
water intensity, power generation efficiency, and carbon intensity was measured. The model was evaluated with 
a range of values for each input parameter to capture the high variability and uncertainty in literature data. In order 
to describe the dynamic greenhouse gases (GHG) emissions of such as system, a yearly accounting of the 
emissions was carried out over a BECCS power plant lifetime, and the system carbon breakeven time was 
determined (Withers et al., 2015). Finally, a sensitivity analysis was carried out on the dynamic GHG emissions 
profile, and alternate scenarios involving organic chemicals, biofuels with and without CCS and carbon neutral 
electricity were investigated. Direct and indirect land use changes (Fargione et al., 2008; Plevin et al., 2010; 
Searchinger et al., 2008) effects were measured on both static and dynamic balances, and were found to be 
driving the results and uncertainty range. Overall we concluded that depending on conditions of its deployment, 
BECCS could lead to both carbon positive and negative balances. The most sustainable case study, miscanthus-
based BECCS from Brazil, could lead to break-even times between 1 year if grown on marginal land, and 50 years 
on a forest land. Regulating and rewarding policies will have to integrate this local specificity in order to assure 
BECCS sustainable development. 

References 

Fargione, J., Hill, J., Tilman, D., Polasky, S., & Hawthorne, P. (2008). Land Clearing and the Biofuel Carbon 

Debt. Science, 319(February), 1235–1237. 

Fuss, S., Canadell, J. G., Peters, G. P., Tavoni, M., Andrew, R. M., Ciais, P., … Yamagata, Y. (2014). Betting on 

negative emissions. Nature Climate Change, 4(10), 850–853.  

IPCC. (2014). Climate Change 2014, Mitigation of Climate Change. Contribution of Working Group III to the Fifth 

Assessment Report of the Intergovernmental Panel on Climate Change.  

Plevin, R. J., O’HARE, M., Jones, A. D., Torn, M. S., & Gibbs, H. K. (2010). The greenhouse gas emissions from 

indirect land use change are uncertain, but potentially much greater than previously estimated. 

Environmental Science & Technology., 44(21), 8015–8021.  

Searchinger, T., Heimlich, R., Houghton, R. A., Dong, F., Elobeid, A., Fabiosa, J., … Yu, T. (2008). Emissions 

from Land-Use Change. Science, 423(February), 1238–1241. 

UN Water. (2005). Coping with water scarcity: Challenge of the twenty-first century. Waterlines, 24(1), 28–29. 

https://doi.org/10.3362/0262-8104.2005.038 

Withers, M. R., Malina, R., & Barrett, S. R. H. (2015). Carbon, climate, and economic breakeven times for 

biofuel from woody biomass from managed forests. Ecological Economics, 112, 45–52.  

 
  


