
2490-5

Joint ICTP-IAEA Advancing Modelling of Climate, Land-use, Energy and 
Water (CLEW) Interactions 

Amaro Pereira

7 - 11 October 2013

Energy Planning Program  
COPPE/UFRJ 

Brazil  

 

Impacts of the Biofuel Programs in Brazil on Water, Land-use and Climate 
Change: An Assessment by CLEW Approach



Impacts of the Biofuel Programs in Brazil 
on Water, Land-use and Climate Change: 
An Assessment by CLEW Approach

Amaro Pereira
Energy Planning Program
COPPE/UFRJ



GDP of US$ 1.573 billion 
Population of 191 million
GDP/cap of US$ 8.218
Land Area of 8.5 million km2

Source: IBGE, 2009

Major Features of the Brazilian Economy
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• Brazilian Program of Ethanol launched in 1975 to 
reduce the impacts of oil crisis in the national 
accounting and to create an alternative market for 
the sugar producers

• The PROALCOOL is the most successful 
program of commercial application of biomass for 
energy production and use in the world

PROALCOOL
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Areas of promising 
sugar cane expansion

SugarSugarccaneane ProductionProduction



• Conditions for mass-production of biofuels
• Oscillations in crude oil prices
• Growing environmental problems associated with fossil 

fuels
• The government is undertaking measures to keep the 

high share of renewable resources in the domestic energy 
supply

• Opportunity to export ethanol

Opportunities for Brazil in the Ethanol 
Market



• CLEW approach
• Proposal

• Energy model – LEAP
• Luan dos Santos

• Land use models – IPEA’s model
• José Feres (IPEA), Gustavo Malaguti

• Water model – CROPWAT
• Natália Fachinelli

• Climate model – Downscaling
• Fernanda Tayt’Sohn

• The integration – Input Output Matrix
• Eveline Arroyo

Is Ethanol Production Sustainable in 
Brazil?



Fuel Consumption



Source: EPE

Sugarcane Production



Chosen Areas to be Analized

Sugarcane 2006

Source: CANASAT ,  INPE

Sugarcane 2011
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• Paranaíba river basin located in the states 
of  Goiás, Minas Gerais and Mato Grosso 
do Sul.

• These states represent 22% of the 
production and 18% of sugarcane land 
area.



Domestic Demand for Ethanol

Source: EPE



Ethanol Exports

Source: EPE



• ~ 4 million ha concentrated in Southeast (42%) and Center-West (Cerrado – 38%)

Projected expansion of sugarcane production

• Two expanding areas where sugarcane production are
planned to expand at least 1.59 million ha. Besides,
additional 5 million ha are expected for the period 2010
to 2020, according to EPE’s studies.
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 The water requirement varies from 1500 to 2500 mm per season,
depending on the crop cycle, the phenological cycle, climate and other
factors, such as available water in the soil

Developing phases of sugarcane
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Sugarcane and Water Requirement



Irrigation of Sugarcane in Brazil

• Differently from São Paulo and Northeast, the expanding areas analyzed 
in this study require irrigation.



Water footprint calculation
Database:
CLIMWAT 2.0 (FAO)

Estimations: 
New_LocClim 1.10 (FAO)

• Land database
• Crop calendar
• Produtivity

Climate 
database:
• Tmin
• Tmax
• Wind speed
• Umidity
• Insolation

Simulations of CROPWAT 8.0 (FAO) • Evapotranspiration 
(Reference - Eto)

• Evapotranspiration 
(Crop - Eta)

• Irrigation demand

Water Footprint

• Literature
• CONAB
• MAPA

Outputs



Water Footprint - Results

 Water Footprint (WFtot) - To grow the sugarcane biomass in
Paranaíba river basin is 251 m³/ton, in average.

 The Blue Water Footprint (WF,proc,blue) – To irrigate the
sugacane in the best condition (avoiding water stress) in
Paranaíba river basin is 82 m³/ton, in average.
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WEAP model



Economic–Ecologic Commodity Flows

Source: Miller & Blair (2009)



Database 2000

Other agriculture 43.974             11.504.192     19.109.447     15.712.049     19.422             31.071             1.113              
Sugar cane 3.718               12.034.776     4.879.841       4.802.414       20.094             31.930             1.170              
Rice 8.251               11.862.620     3.704.863       3.796.895       19.857             31.623             1.151              
Soy beans 2.480               11.966.382     13.693.677     2.297.458       20.132             32.003             1.165              
Pasture 303.671           6.075.457       177.700.472  ‐                    11.888             21.312             498                  
Ethanol ‐                    194.335           ‐                    285.333           2.716               10.215             284                  
Oil produts 6.385.809       150.563           ‐                    84.954             3.040               28.256             4.379              
Primary energy 13.462             27.875             ‐                    92.196             5.532               11.299             498                  
Electricity 26.135             399.455           ‐                    264.010.002  19.537             37.222             1.012              
Minerals 19.304             205.919           ‐                    351.317           1.990               4.957               296                  
Food and beverages 5.316               1.969.924       ‐                    568.157           12.374             61.699             2.346              
Textil 1.323               1.084.131       ‐                    116.730           4.570               11.319             586                  
Paper and pulp 4.514               377.748           ‐                    271.290           5.323               11.970             548                  
Chemistry 16.355             191.703           ‐                    37.427.460     2.837               10.165             1.127              
Cement 26.585             13.651             ‐                    9.576               1.006               2.432               113                  
Ceramic 3.569               472.186           ‐                    105.198           2.811               7.841               487                  
Siderurgy 30.639             97.731             ‐                    1.084.367       3.773               12.390             1.131              
Other industries 10.236             2.134.704       ‐                    6.427               13.246             29.295             1.373              
Commerce 2.255               3.914.222       ‐                    ‐                    35.000             51.756             886                  
Transport 121.125           3.306.708       ‐                    ‐                    27.825             51.173             1.945              
Public services 2.108               3.346.377       ‐                    ‐                    40.247             61.450             928                  
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Database 2005

Other agriculture 51.299             12.477.133     26.686.712     17.077.139     27.754             48.819             1.941              
Sugar cane 4.976               12.958.202     5.815.151       5.685.040       28.642             50.091             2.034              
Rice 8.940               12.807.817     3.999.315       4.498.766       28.338             49.654             2.005              
Soy beans 3.875               12.895.502     23.426.756     3.582.745       28.603             50.039             2.024              
Pasture 361.407           6.516.536       158.753.866  ‐                    15.642             31.389             758                  
Ethanol ‐                    619.901           ‐                    427.730           7.033               30.742             702                  
Oil produts 7.090.236       72.058             ‐                    112.332           5.386               50.239             7.787              
Primary energy 17.959             45.279             ‐                    90.753             12.318             29.219             1.333              
Electricity 26.074             449.579           ‐                    365.866.190  29.800             55.786             1.498              
Minerals 23.354             131.539           ‐                    1.841.345       3.755               9.444               500                  
Food and beverages 4.267               2.518.956       ‐                    832.168           20.385             98.748             2.452              
Textil 1.262               1.253.117       ‐                    192.922           5.038               12.805             549                  
Paper and pulp 4.144               404.173           ‐                    618.301           5.591               14.220             668                  
Chemistry 17.382             214.600           ‐                    61.338.686     4.112               16.153             1.794              
Cement 23.086             12.344             ‐                    9.289               924                   2.747               150                  
Ceramic 4.166               537.892           ‐                    229.343           3.946               10.490             607                  
Siderurgy 56.127             114.673           ‐                    1.202.794       8.135               29.150             2.699              
Other industries 9.670               1.897.738       ‐                    9.615               13.761             32.011             1.586              
Commerce 1.994               4.939.869       ‐                    ‐                    47.432             70.380             1.346              
Transport 134.543           3.855.214       ‐                    ‐                    38.303             75.200             2.508              
Public services 1.743               3.959.216       ‐                    ‐                    57.598             91.355             1.511              
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Biofuel Impacts
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Biofuel Impacts
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Next Steps

 Calculate the WF for rice, soy and pasture

 Propose the indicator of water pressure for Paranaíba basin

 Sensitivity analysis: to run the CROPWAT with climate
change scenarios

 Integrate bottom-up with top-down models
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