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ABSTRACT

Direct and Indirect Land Use Change (LUC-ILUC) are major GHG emission sources in Brazil. LUC-ILUC emissions also lead to negative GHG balance in some biofuel Life Cycle Assessment (LCA) studies. Hence, in this study the methodology developed by the Instituto de Estudos do Comércio e Negociações Internacionais (ICONE) is applied to the Brazilian agriculture sector. The aim is to estimate LUC-ILUC GHG emissions from agriculture activity in Brazil, specifically from the growth of sugarcane areas for bioethanol production in 2009-2010. An allocation methodology is applied to estimate absolute and relative substitution matrices for different land use scenarios: crops, pasture, perennials and native vegetation. Negative and positive variations between 558 micro-regions divided in 6 different (ecosystems) regions are calculated by combining remote sensing data and Brazilian Agriculture Reports data. The results show that the net sugarcane expansion (493,589 ha) caused a direct and indirect conversion of 101,632 ha of native vegetation. LUC-ILUC effects have been responsible for a net generation of 1,279,649 ton CO2e. The energy produced from sugarcane bioethanol increased 40.2 millions of GJ in the same period, which resulted in a marginal direct and indirect emission factor of 11.89 g CO2e/MJ.

BIOEFUEL AND LAND USE CHANGE EMISSIONS
The expansion of biofuel´s market could lead to increase the areas for agricultural commodities, resulting in direct (LUC) and indirect land use change (ILUC) effects. In the first case, the expansion of biofuel’s feedstock areas displace directly areas of ​​pasture, native vegetation or occupied by other crops, while in the last case the expansion process induce the reallocation of others cultures over those areas. LUC-ILUC effects can also cause changes in carbon stocks in biomass and soils, being the main GHG emission sources in Brazil. LUC-ILUC effects can also cancel the GHG benefits in the Life Cycle Assessment (LCA) of some biofuels, resulting in negative carbon balances (Fargione et al., 2008; Searchinger et al., 2008).

Some methods based on market-equilibrium models or allocation models have been developed to assess LUC-ILUC and the related GHG emissions. Market-equilibrium models (computable general equilibrium (CGE) models or partial equilibrium (PE) models) are applied to estimate the LUC marginal effects from a demand shock for biofuels with respect to a baseline scenario and historic LUC and carbon stock changes data are used to determine the LUC-ILUC GHG emissions (CARB, 2010; EPA, 2010; Al-Riffai et al., 2010; Laborde et al., 2011). On the other hand, allocation models include all non-market-equilibrium models that have been developed to investigate LUC and ILUC related emissions. These approaches, which can be based on deterministic models (Fritsche et al., 2010), causal-descriptive models (Bauen et al., 2010), as well as other assessments (Tipper et al., 2009; Lywood et al., 2008; Nassar et al., 2010; Overmars et al., 2011), use historical data on LUC and crop yields to allocate LUC and ILUC for feedstock-conversion routes (Wicke et al., 2012).

The paper presented herein aims to apply the causal allocation methodology developed by Nassar et al. (2010) for a different period in order to estimate the emission factor associated with the LUC-ILUC from the expansion of the sugarcane bioethanol in Brazil. The objective is to compare the results for the period 2009-2010 with the results for the period 2005-2008 from Nassar et al. (2010), as well as with other sugarcane bioethanol LUC-ILUC studies. It is expected to identify temporal changes in the LUC-ILUC effects, which can result in different LUC-ILUC emission factors for additional bioethanol production. 
METHODOLOGY
The methodology developed by Nassar et al. (2010) proposes an allocation in which the substitution between croplands, pasture and native vegetation areas is calculated based on the absolute variations observed in a given period of time. Thus, a historical pattern of LUC is estimated, taking into account the main land user crops in the country (sugarcane, soybeans, corn, cotton, rice, dry beans, planted forest, the sum of permanent crops and other annual crops), pasture and native vegetation areas. Substitution and expansion coefficients are then estimated, in order to identify the direct competition between the productive uses and the displacement of native vegetation areas. These coefficients are calculated by combining primary remote sensing data (INPE, 2011; SOS, 2011; MMA, 2011) and secondary data (IBGE, 2010; ABRAF, 2011). The data was gathered for 558 micro regions, in which more than five thousand Brazilian municipalities are aggregated. These data is aggregated in 6 different regions (r) (South, Southeast, Center‐West Cerrado, Northern Amazon, Coastal Northeast and Northeast Cerrado) according to local agriculture dynamics and Brazilian biomes. The period of analysis is from 2009 to 2010, when the area cultivated with sugarcane increased 493,589 ha and the bioethanol production went from 25.8 to 27.6 billion liters per year. 

The methodology has three stages, which are performed in simple spreadsheets. In the first step, LUC substitution coefficients of productive uses and native vegetation are estimated. This step includes: gathering, organization and construction of a database for crops and deforestation; data processing to determine the substitution between uses and the conversion of vegetation; aggregation and normalization of the substitution matrices for the 6 regions defined.

In the second step, ILUC coefficients are estimated, in which the cause and effect relation between ethanol demand expansion and conversion of native vegetation are established. Firstly, a square matrix D(i,j) is considered for each region r, which represents the direct substitution between land uses (where i represents the use that is being substituted by use j). The elements i and j denote: 1 = Sugarcane; 2 = Soybeans; 3 = Corn; 4 = Cotton; 5 = Rice; 6 = Dry beans; 7 = Planted forest; 8 = Permanents; 9 = Other temporaries; 10 = Pasture; 11 = Deforestation. In addition, a net substitution vector of sugarcane ḏ is defined, from the first column and row vectors of D:

ḏ = di,1 - d1,jT 









(1)

Next, a direct substitution matrix in relative values D* is defined. In this matrix the values of each element of the column vectors in D is normalized by the main diagonal Ḋ:

D* = D . Ḋ-1









(2)

From D*, a direct substitution matrix in relative values without sugarcane Ḓ is estimated. In this matrix the vectors ḓ1,j and ḓi,1 have null values and each element ḓij is normalized by:

ḓij = di,j*. (dj*- d1,j*)-1








(3)

Afterward, an indirect substitution matrix in absolute values S is estimated in (4) for each region. This matrix displays the quantity of area for each land use that is indirectly displaced by sugarcane. In this matrix the vectors s1,j and si,1 have null values and the productivity gains for each land use (represented by the vector gp) are discounted:

S = ḏT. Ḓ . gp-1








(4)

In order to avoid inconsistency in the matrix S, some further regional reallocations are made. Firstly, regional reallocation matrices B are estimated for each region. The aim is to identify areas where the estimated ILUC is superior to the LUC in absolute values. The surplus between them is considered as a stock of area of each crop in each region. In this matrix the vectors b1,j and bi,1 have null values:

B = D - S









(5)

Finally, a matrix I with the total ILUC is calculated from matrices D, S and B for each region, considering the following hypothesis for each ii,j element:

ii,j = di,j, if bi,j ≤ 0

or

ii,j = si,j, if bi,j  ( 0


(6)

In the third step, the total area direct and indirectly displaced by sugarcane is utilized to estimate LUC and ILUC GHG emissions for each region. In order to estimate the LUC GHG emissions lucu for each region in (7), the net substitution vector of sugarcane ḏ is grouped according to each land use u (natural vegetation, temporary crops, perennial crops and pastures), generating a vector du, which is transposed and multiplied by a vector of LUC emission factors defu. The emission factors represent the conversion of natural vegetation, temporary crops, perennial crops and pastures to perennials, since sugarcane is considered a perennial crop:
luc = duT . defu








(7)

Furthermore, the ILUC GHG emissions iluc for each region are estimated in (8). In this calculation the column and row vectors in the matrix I have to be summed and grouped according to each land use u, generating a matrix Iu. This matrix is multiplied by an ILUC emission factor matrix IEFu. It is important to note that defu and IEFu represent the differences in soil and biomass carbon stocks between the distinct land uses, which are calculated from Brazilian emission factors available in Harris et al. (2009):

[image: image2.png]iluc = X1, . IEF,












(8)

Finally, the total LUC and ILUC GHG emissions in each region are summed and divided by the total additional production of bioethanol in the period bp, resulting in a marginal LUC-ILUC GHG factor mluc. This factor represents the quantity of GHG emitted by each additional unit of bioethanol produced (in this case by unit of energy - MJ).

[image: image4.png]mluc = (Z,luc + iluc).bp
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RESULTS

The results from the sugarcane expansion are summarized in table 1. Even though the total sugarcane expansion over other areas in 2009-2010 achieved 702,508 ha, the sugarcane net growth was 459,151 ha (since sugarcane areas were also displaced). The total sugarcane expansion displaced directly 1,694 ha of native vegetation areas, while 99,938 ha were indirectly displaced (almost 59 times higher). The conversion of native vegetation occurred mainly in the Southeast (31,353 ha) and Center‐West Cerrado (54.340 ha) regions, where sugarcane growth is more evident. The pasture lands are the main source for sugarcane expansion in all 6 regions, while corn was the main crop displaced in absolute terms. Furthermore, the relation between the sugarcane net growth and the total conversion of native vegetation is approximately 22%, which means that almost 0.22 ha of native vegetation was deforested for each additional ha of sugarcane.

	Table 1 – Sugarcane expansion summary (ha)

	 
	Soybean
	Corn
	Cotton
	Rice
	Dry beans
	Comm. Forest
	Perenial Crops
	Other Temporary
	Pasture
	Native Vegetation
	Sugarcane net growth

	
	
	
	
	
	
	
	
	
	
	LUC
	ILUC
	

	South
	657
	9,111
	2,047
	152
	330
	245
	1,274
	1,710
	39,450
	-
	180
	22,215

	Southeast
	10,003
	14,505
	1,195
	1,788
	1,267
	206
	16,727
	8,457
	296,529
	166
	31,187
	235,455

	Center‐West Cerrado
	4,217
	23,017
	7,228
	6,945
	1,451
	254
	263
	39,038
	104,835
	644
	53,696
	162,085

	Northern Amazon
	170
	485
	-
	1,251
	183
	60
	490
	1,297
	4,462
	446
	4,392
	6,900

	Northeast Coast
	16
	12,233
	89
	714
	867
	-
	1,283
	1,974
	60,066
	2
	7
	12,290

	Northeast Cerrado
	1
	4,036
	232
	1,100
	1,176
	1,158
	266
	3,345
	11,001
	436
	10,476
	20,207

	Brazil
	15,065
	63,385
	10,790
	11,951
	5,274
	1,923
	20,302
	55,821
	516,342
	1,694
	99,938
	459,151


The LUC has been responsible for a reduction of 25,839 ton CO2e and the ILUC for a generation of 1,305,489 ton CO2e, which correspond to a net total of 1,279,649 ton CO2e. The energy produced from sugarcane bioethanol increased 40.2 million GJ in the same period, which resulted in a marginal direct and indirect emission factor of 11.89 g CO2e/MJ.  The LUC marginal factor has a negative value (–0.24 g CO2e/MJ) representing a net carbon capture, while the ILUC marginal factor is positive (12.13 g CO2e/MJ). Finally, taking into account only the emissions from the conversion of native vegetation, a LUC-ILUC factor of 10.5 g CO2 eq/MJ was obtained.

CONCLUSION
The application of the methodology developed by Nassar et al. (2010) to estimate LUC-ILUC effects from sugarcane expansion led to different results with respect to previous periods. The relation between the sugarcane net growth and the total conversion of native vegetation of 22% and the LUC-ILUC factor of 11.89 g CO2e/MJ are higher than the values estimated by Nassar et al. (2010) (8% and 7.63 g CO2e/MJ, respectively). This fact points out that even a smaller expansion of sugarcane areas in 2009-2010 can generate higher LUC-ILUC effects in comparison with the period 2005-2008 calculated by Nassar et al. (2010). However, the LUC-ILUC factors obtained in both studies are considerably lower than other studies, which suggest that overestimations can be occurring. In addition, in both studies the sugarcane expansion displaced mainly pasture lands, with a weightless influence on deforestation. This fact validates the methodology assumptions, as well as real evidences that sugarcane is not the main responsible for converting directly natural vegetation and that pasture and other productive activities contribute more for advancing the agriculture frontier. Finally, a further step can be the integration of this methodology with the sugarcane bioethanol Life Cycle Assessment, as well as to apply this methodology to the analysis of future scenarios.
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