
c

Life Cycle Assessment (LCA) of 
bioenergy systems

Otávio Cavalett

Division of Integrated Assessment of Biorefineries (PAT)

Brazilian Bioethanol Science and Technology Laboratory (CTBE)

Brazilian Center of Research in Energy and Materials (CNPEM)



c

LCA stages
Goal Definition/

Scoping
Used to define the system 

boundaries, purpose and 

functional unit of a study

Inventory
Data gathered and stored in a 

spreadsheet format

Improvement 

Assessment
Incorporates the results into 

applications for product 

design, ecolabelling, policy 

formation etc.

Impact 

Assessment
The impact is assessed 

through three (and including 

normalisation, sometimes 

four) sub-divisions

Classification

Aggregates data into 

separate areas e.g. resource 

depletion, ozone gases and 

greenhouse gasses

Charecterisation

Quantifies the relative 

contributions each make to 

environmental problems, e.g. 

global warming potential

Normalisation

Compares the classified data 

with a baseline for easier 

understanding (eg the 

amount of emissions per 

head of population)

Valuation

Assigns relative values or 

weights to impacts in order 

to facilitate comparisons - is 

subjective.

Stage at which parameters 

etc are established. No 

specifc data requirements, 

but is stage where data 

decisions can be made

User defined and collected 

data. This is gathered from 

manufacturers, published 

material and/or estimated. 

The data associated with the 

impact assessment is often 

“hidden data”. This is often 

chosen as part of a software 

package



Life cycle inventory – Inputs and Outputs

Agricultural production

Transport

Industry

Distribution

Final use

Feedstock

Residues

Biofuel

land use, inputs, 

machinery, fertilizer, 

agrochemicals, 

industrial residues,…

machinery, diesel...

equipments, buildings, 

inputs, electricity, 

diesel,…

steel,...

Residues

Local emissions
(pre harvesting burning, 

soil emissions,…)

Local emissions

Local emissions

Local emissions

Local emissions

Electricity, co-
products,…

machinery, diesel, 

storage...



Produção agrícola

Transporte

Usina

Distribuição

Uso Final

Cana-de-
açúcar

Palha

Etanol de 1 e 
2 geração

Vinhaça

Inputs

Energy
Minerals
Water 
Oil
Gases
Salts

Natural gas
...

Outputs

Products
Co-products
Wastes

Air emissions 
(CO2, CO, CH4, N2O, 

NOx, SO2, VOC, 
Particulates)

Other solid and 
liquid emissions
Toxic wates (e.g. 

pesticides)
...

Life cycle inventory – Elementary flows



LCIA methods structure



Some of the environmental issues that 
can be considered

• The Greenhouse Effects
• Ozone Depletion
• Acidification
• Eutrophication
• Summer Smog
• Winter Smog
• Heavy Metals
• Carcinogenic Substances
• Waste
• Respiratory Effects
• Ionising Radiation
• Ecotoxic Substances
• Land Use
• Raw Materials
• …



Some remarks on LCA

• LCA is simple!! – but ensure the methodology used is 
understood, clear and transparent

• Use to check system and improve where 
necessary/possible

• Sensitivity analysis and improvement analysis are 
important steps

• Data availability and reliability may be a problem



Virtual Sugarcane Biorefinery







Fraction of area with 
mechanical harvesting

Quantity of straw 
transported with stalks



Herbicide application

Selecting type of tractor 
for this operation



CanaSoft outputs



CanaSoft outputs
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Biorefinery system assessment
Destilaria 

autônoma
Usina anexa

Processo  

integrado 

1G2G

Processo 2G 

independente

Uso de sorgo 

na entressafra

Rota 

sucroquímica 

(butanol)

Aspen Plus
® Inventários econômico, 

social e ambiental

 Dados de insumos e matéria 

prima

 Dados de produção (etanol, 

eletricidade, açúcar, etc)

 Dados de subprodutos e 

resíduos

 Dados de emissões

 Dados para cálculo de 

Investimento

 Outras informações

Componentes

Preparo e extração do caldo

Tratamento do caldo e 

concentração

Fermentação

.

.

.

Destilação e desidratação.
.
.

Dados de entrada  

(usuário)

Fluxograma de 

processo

Relatórios de saída

Cenários 

avaliados

Etapas de processo (depende dos cenários)

Dados das correntes 

de entrada

Dados de operação 

dos equipamentos

Cogeração

.. .



Aspen Plus® 

Process computer simulation





terminal

terminalbiorefinery

fuel station

transference
terminal

port

Ethanol distribution system

truck

rail

pipeline

barge



Ethanol use emissions

hydrated etanol

vehiclefleet

NOx CO2

CO

CH4

NMVOC aldehydesparticulates

emissions

butanol

fuel

use

A gasolineanhydrous
ethanol

C gasoline



An exploratory economic and 
environmental analysis of sugarcane 
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Sugarcane production cycle in Brazil

J F M A M J J A S O N D

sugarcane cycle (about 200 days)
seasonality
harvesting problems (rain season)
maintenance

inefficient use of equipment (capex)
alternatives? other biomass?

year



Sweet sorghum varieties

BRS 508 BRS 511
Sugarcane

BRS 506

integrated to sugarcane biorefinery

Sweet sorghum



Sugarcane + Sweet sorghum 
(only reforming area)

J F M A M J J A S O N D

sugarcane
area

sorghum

Processing sweet sorghum (sugarcane replanting areas)

Sugarcane
(2 Mt)

Sorghum

Sugarcane reforming area

Straw 
(0.16 Mt)

Same industrial facility



Biorefinery feedstock

Parameter Sugarcane
Sorghum

BRS506 BRS508 BRS511

Fibers (%) 13.00 10.57 13.02 11.14

Soluble solids (°Brix) 16.71 11.51 15.42 14.37

Pol (% sucrose) 14.00 6.30 10.66 10.62

% Reducing sugars (RS) 0.60 1.57 1.10 0.99

% Total reducing sugars (TRS) 15.34 8.21 12.33 12.16

Water content (%w) 70.29 77.92 71.56 74.49

Agricultural yield (t ha-1) 85 40 50 60



Biorefinery feedstock



Biorefinery

Future
Sugarcane

Current

Sweet sorghum

508 C 511 C
Sugarcane

506 C

Sweet sorghum

508 F 511 F506 F

Scenarios
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Sugarcane biorefinery

autonomous optimized distillery
cogeneration using 90 bar boilers
dehydration using molecular sieves

2 M ton of sugarcane per year
167 effective operation days (sugarcane)
50% of straw recovery in bales



Biorefinery

Parameter Sugarcane
Sweet sorghum

Current Future

Sugar extraction yield 96% 90% 95%

Fermentation yield 90% 90% 90%

Distillation yield 98% 95% 95%



Biorefinery outputs



Economic impacts



Environmental impacts
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