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Sustainability of biofuels

 Worldwide, the main driving-forces for biofuels are:

 Improving energy security, that includes diversification of 

the energy matrix, use of other energy sources than oil, 

development of indigenous energy sources;

 Mitigation of GHG emissions and climate change 

impacts;

 Improvement of life conditions of farmers and agricultors;

 Supply of energy services;

 Mitigation of other environmental (potential) impacts.



Sustainability of biofuels

 Sustainability of biofuels has been one of the focus 

points of the debate concerned to biofuels.

 Scientific arguments (sometimes not based on 

scientific evidences) have impacted both the society’s 

behavior and policy makers.

 It is absolutely necessary to have science-based 

arguments; without them it is not possible to answer 

the “critics”.

 In the mid- to long-term, the future of the biofuels will 

depend on their effective sustainability (both in the 

external and in the domestic markets).



CTBE: Sustainability RP



Sugarcane ethanol: Energy 

balance and GHG emissions

 Macedo and Seabra (2008):

 2006: 44 mills (~100 Mtc/year) of Brazilian 

C-S Region – data from CTC Mutual 

Control.

 2020 Electricity Scenario: trash recovery 

(40%) and surplus power production with 

integrated commercial, steam based cycle 

(CEST system).

 2020 Ethanol Scenario: trash recovery 

and ethanol production from biochemical 

conversion of surplus biomass in a 

hypothetical system integrated to the mill.



 Sugarcane production and processing, and ethanol 
distribution:
– Carbon fluxes due to:

– Fossil fuel utilization in agriculture, industry and ethanol distribution;

– All process inputs;

– Equipment and buildings production and maintenance.

– GHG fluxes not related with the use of fossil fuels:
– N2O and methane: trash burning, N2O soil emissions from N-fertilizer 

and residues (including stillage, filter cake, trash). CO2 from 
limestone.

– GHG emissions due to land use change.

 GHG emissions mitigation: ethanol and surplus 
electricity substitution for gasoline or conventional 
electricity. 

Scope



Energy flows in ethanol 

production (MJ/t cane)



2006 2020 Electricity 2020 Ethanol

Cane production 417 326 232

Farming 97 117 91

Agr. inputs 57 43 23

Transportation 32 37 26

Trash burning 84 0 0

Soil emissions 146 129 92

Ethanol production 25 24 22

Chemicals 21 20 19

Equip. and buildings 4 4 3

Ethanol distribution 51 43 43

Credits

Electricity surplusb -74 -803 -190

Bagasse surplusc -150 0 0

Total 269 -409 107

a. Emissions for hydrous ethanol/m3 are about 5% less than values verified for anhydrous ethanol.

b. Considering the substitution of biomass-electricity for natural gas-electricity, generated with 40% (2006) and 50% (2020) efficiencies (LHV).

c. Considering the substitution of biomass fuelled boilers (efficiency = 79%; LHV) for oil fuelled boilers (efficiency = 92%; LHV).

Life cycle GHG emissions 

(kg CO2eq/m3 anhydrous)



GHG emissions mitigation with 

respect to gasoline



Net avoided emissions by 

sugarcane products

Scenario Ethanol use Net emissions

t CO2eq/ha.y  kg CO2eq/tc  t CO2eq/m3

2005/2006 HDE -11,3 -155 -1,7

E25 -11,5 -159 -1,8

2020 – Electricity HDE -18,1 -229 -2,4

FFV -16,8 -212 -2,2

E25 -18,4 -233 -2,5

2020 – Ethanol HDE -20,0 -253 -1,9

FFV -18,2 -229 -1,7

E25 -20,5 -258 -2,0

Source: Seabra (2008)



Direct effects of land use 

change

Expansion includes only a very small fraction of lands with high soil carbon 
stocks, and some degraded pasturelands, leading to increased carbon stocks. 



INDIRECT effects of land 

use change

In the Brazilian context, most scenarios (based on Internal Demand 

plus some hypotheses for exports) indicate a total of ~ 60 M m3

ethanol in 2020, or 36 M m3 more than in 2008. Such expansion 

corresponds to a relatively small requirement for new cane areas 

(~5 M ha), which must be considered combined with probable 

release of areas due to the progressive increase of pasture 

productivities. Within Brazilian soil and climate limitations, the strict 

application of the environmental legislation for the new units, and the 

relatively small areas needed, the expansion of sugarcane until 

2020 is not expected to contribute to ILUC GHG emissions.



International analyses



EU Directive

Sugar cane ethanol Default GHG emissions

(g CO2eq/MJ)

Cultivation (eec) 14

Processing (ep – eee) 1

Transport and distribution (etd) 9

Total 24

Default GHG emission saving 71%
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EU Directive

 “Biofuels should be promoted in a manner that 
encourages greater agricultural productivity and the use 
of degraded land.”

 “The Commission should develop a concrete 
methodology to minimise greenhouse gas emissions 
caused by indirect land-use changes.” 

 el = (CSR – CSA) × 3,664 × 1/20 × 1/P – eB

 The bonus of 29 gCO2eq/MJ shall be attributed if 
evidence is provided that the land:

• (a) was not in use for agriculture or any other activity in 
January 2008; and

• (b) falls into one of the following categories:

– (i) severely degraded land, including such land that was 
formerly in agricultural use;

– (ii) heavily contaminated land.



RTFO

Module Sugar cane

Brazil

Sugar beet

UK

Corn

USA

Corn

France

Crop production 348 530 913 999

Drying and storage - - 55 19

Feedstock transport 49 176 33 30

Conversion 0 645 1752 263

Liquid fuel transport 

and storage

93 0 27 8

Liquid fuel transport 

and storage

175 0 122 -

TOTAL 665 1351 2902 1319

Carbon intensity (kg CO2/t ethanol)



CARB

LUC: 46 g CO2e/MJ



CARB



US EPA



US EPA



US EPA



Critical aspects

 Database quality;

 Scope of the analysis;

 Co-products:

 Allocation (mass, energy, market value, other);

 Substitution.

 LUC and ILUC;

 Biorefineries.



LCA models / approach

Source: Delucchi (2009)



Defaults suitability



Allen et al. (2010)

Denmead et al. (2009)

Defaults suitability



Source: Boddey (2009) – EMBRAPA Agrobiologia, Seropédica,RJ



Source: EPA (2010)

Residues



Tools for ILUC analysis (?)

Source: Babcock (2009)



Influence of co-products 

Source: Wang et al. (2009)





Thank you
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