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Biofuels Sustainability Issues

 Economic: displace fossil fuels ($/l eq.), GHG 
emission abatement ($/t CO2 eq.)

 Environmental: %GHG emission reduction, local 
pollution, land and water use, biodiversity

 Social: local wealth, jobs and household income, land 
tenure

Biofuels are not equal and must be selected based on 
their sustainability characteristics and main driving 
forces



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.



Scenarios



Scope

• Sugarcane production and processing, and 
ethanol distribution.
– Carbon fluxes due to fossil fuel utilization in agriculture, 

industry and ethanol distribution; in all the process 
inputs; also in equipment and buildings production and 
maintenance.

– GHG fluxes not related with the use of fossil fuels; 
mainly N2O and methane: trash burning, N2O soil 
emissions from N-fertilizer and residues (including 
stillage, filter cake, trash).

– GHG emissions due to land use change.

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



Energy flows in ethanol 

production (MJ/t cane)



Life cycle GHG emissions 

(kg CO2eq/m3 anhydrous)a



Sensitivity analysis (2006)



GHG emissions mitigation with 

respect to gasoline: allocation or 

co-products credits



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 for ethanol

 1984-2002: 11.8 to 12.5 M m3/year → no LUC for 

ethanol.
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Direct effects of land use 

change

• Cane expansion since 2002 was over pasturelands 

(mainly extensive, degraded pastures) and annual crops:

– Data source: satellite images (Landsat and CBERS), 

CONAB survey (MAPA/DCAA), IBGE data and preliminary 

EIA-RIMA data for new units (Nassar et al., 2008; CONAB, 

2008; ICONE, 2008).

• This fact in addition to cropping practices in the new 

areas (mechanical harvesting of unburned cane; semi-

perennial crop; high level of residues) indicates that 

land use change occurs without soil carbon emissions. In 

many cases, the land use change may increase carbon 

stocks.



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.



Other 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.



CARB

LUC: 46 g CO2e/MJ



CARB



CARB



US EPA



US EPA





CTBE’s proposal on GHG 

emissions analysis

 Database consolidation:

 Sugarcane production and processing;

 Advanced technologies;

 National parameters for LCA studies (fertilizers, electricity, 

fossil fuels, etc.);

 Experimental results on CH4 and N2O emissions in 

sugarcane production chain;

 Above and below ground Carbon stocks for different crops 

(and native vegetation).

 LCA studies for fossil fuels and biodiesel in Brazil;

 Work on current models to evaluate land use change 

(e.g., BLUM-ICONE);



CTBE’s proposal on GHG 

emissions analysis

 Ethanol LCA studies:

 Well-to-wheels analysis;

 Focus on energy balance (fossil vs renewable) and GHG 
emissions;

 Two and three regression levels;

 Use of GREET model defaults in the short-term (when 
necessary);

 Development of dedicated spreadsheets for analyses;

 Methodology analysis:

• Co-products credits;

• System boundaries;

 LUC and ILUC analysis;

 GHG emissions mitigation.



Strategy

 On evaluating carbon stocks and gaseous 

emissions: Delta CO2 (close-related with Cerri’s 

research group), aiming at building an adequate  data 

basis regarding Brazilian conditions.

 On modeling of LUC: 

ICONE, aiming at improving 

the BLUM model (Brazilian 

Land Use Model) and on 

getting (and on speeding-up) 

specific results.



Project GHG emissions along the life-cycle of ethanol produced from 

sugarcane – and avoided emissions regarding gasoline

Action GHG emission balances should be done regularly

Aims (synthesis) Enhancement of the GHG balances, considering: (a) more accurate 

parameters and (b) changes in the production process (tendencies 

and technology disruption)

CTBE's role Balances should be done by an expert of CTBE on regular basis

Partnerships CTBE is open for discussion

At least one research group abroad should be partner

Availability of information Data basis should be organized in order to be publicly available

Dissemination Papers should be published at high level journals

Attendance at conferences and workshops

Results to be achieved 

after one year

- Compiled database on: sugarcane production and processing; 

fertilizers production and distribution; fossil fuels production and 

distribution (preliminary results).

- Analysis of different allocation methodologies for co-products 

evaluation, considering different co-products (sugar, yeasts, lysine, 

bagasse, electricity, etc.)

- Ethanol LCA studies considering the adoption of different 

commercial technologies in the ethanol fuel chain (e.g., co-

production of biodiesel and ethanol).



Thank you for your attention!

regis.leal@bioethanol.org.br


