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1. Introduction

Modern and sustainable bioenergy production may ahe effective way to substitute
substantial portions of energy demand for transpiort in the future. A recent study
confirmed the potential for Brazil alone to suhgst10% of global gasoline demand in 2025
using sugarcane bioethanol (Leite et al., 2009).

According to Doornbosch and Steenblik (2007), 6G%he total world’s potentially available
land could be used produce bioenergy by 2050 (44QMbf which around 60% (250Mha)
will be in Latin America & Caribbean, and 180MhaAifrica). Since the availability of land
for bioenergy will largely originate from pastur@ntl, Figure 1 below gives an estimated by
country based on data from FAO.
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Figure 1. Available Area in Selected Countries of fica and Latin America Source:
FAO, 2008

The overall scale of bioenergy production will iarpdepend on the availability of fertile land

with good climatic conditions, it is clear that,fdod production is to be increased to meet
future needs and biodiversity protected, basidhkyworld will depend on the Latin America

& Caribbean and Africa continents for future expansf bioenergy.

The LACAf-Cane project will, therefore, focus inee two continents and will evaluate

bioethanol production from sugarcane. Bioelecyigitoduction from sugarcane will also be
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considered due to its important impacts on ruraletigment and its synergy with ethanol
production.
2. Programs to Encourage Biofuels Production
2.1The Global Sustainable Bioenergy Project (GSB)
The Global Sustainable Bioenergy (GSB) project watated in 2009 by a group of

scientists, engineers, and policy experts from ensities, government agencies, and the non-
profit sector from across the globe, with the ollegaal of providing guidance with respect to
the feasibility and desirability of sustainable dnergy-intensive future. In the summer of

2009, a statement on behalf of GSB project therorges observed (Lynd, 2009):

“Although there is a natural reluctance to considdgrange, we must do so, because humanity
cannot expect to achieve a sustainable and seatumesfby continuing the practices that have

resulted in the unsustainable and insecure present.

Consistent with this perspective, the GSB projeetks to take a different approach from the
many others worthy initiatives on bioenergy. Rattieemn focusing on what is most probable,
the GSB project is focused on what is most desraBhther than reflecting often sharply
divided expert opinion, the GSB project seeks tildmew understanding and consensus. And
rather than having the present as a point of reéerethe GSB project concentrates on

developing a sustainable vision of the future.

The core objective of the GSB Project is to thsthypothesis that is physically possible
for bioenergy to sustainably meet a substantial dt@n of future demand for energy
services ¥ 25% of global mobility or equivalent by 2050) whilfeeding humanity and
meeting other needs from managed lands, preserwngdlife habitat, and maintaining

environmental quality
Important features of the GSB project are:

a. To evaluate the global potential of bioenergy piciiun;

3 Lynd et al.A Global Conversation About Energy from Biomasse Tontinental Conventions of the Global
Sustainable Bioenergy Project. Interface (In Pre3gpmitted Dec 2010.
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b. To consider_several possible feedstocks, includingarcane, switch grass, agave,

miscanthus and other;
c. To make along term evaluation, using 2050 as etoof reference.

The GSB project is structured to be implementetthiae stages:

Stage 1(completed 2010Hold five continental conventionwith outcomes as follows:

a. endorse a common resolution about the importandgoginergy and the goals of the
GSB project;

b. gather input on structuring the analysis to beiedrout in Stages 2 and 3;

C. approve resolutions representing perspectives oanergy, including key questions
and opportunities, from each of the world's contteg

d. write a report encompassing a, b and c;

e. recruit participants and support for stages 2 and 3

Stage 2.Explore whether and how it is physically possifide bioenergy to sustainably
meet a substantial fraction of future demand foergy services — e.g. 150 EJ
annually, corresponding to 23% of primary energy supplyttie IEA Blue Map
Scenario (2016)-while feeding humanity and meeting other needsnfmanaged
lands, preserving wildlife habitat, and maintainiegvironmental quality. Answer
the questionls it physically possible for bioenergy to meetuastantial fraction of
future world mobility and/or electricity demand Jéhour global society also meets
other important needs: feeding humanity, providfitger, maintaining and where
possible improving soil fertility, air and water ajity, biodiversity and wildlife
habitat, and achieving very large greenhouse gasson reductions that are not

substantially negated by land use changes?

* Total biomass energy in 2006 was 50 EJ of whictE3@vas traditional biomass and 19.4 EJ was modern
biomass. These values may be compared to totahpyienergy demand of 492 EJ (IEA, 2008).

® The 25% GSB goal was the preliminary target. imaae recent publication (interface paper) the G8Bet
was redefined.
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Stage 3.Analyze and recommend transition paths and palicidight of Stage 2 results,
incorporating analysis of macroeconomic, environtakethical and equity issues as
well as local-scale effects on rural economiesg&taalso includes:

« Transition paths

- Enabling policies

« Economics

- Ethical and equity issues

« Local-scale analysis to validate, exemplify thaonsdeveloped in stage 2
« Rural economic development aspects

« Consequences for developing nations

« Commercialization

« Other important considerations identified in therse of the project

The GSB project has already conducted stage 1. fioate 5 continental conventions held

during 2010 (Table 1) is summarizechép://engineering.dartmouth.edu/gsbprojedthe full

text of the Latin America (Sao Paulo) and Africae(®nbosh, South Africa) continental

conventions may be found in the Annex and the reimgiresolutions on line.

The next steps for the GSB project are stages Zaifitlis project aims to contribute to these

stages of the GSB project focusing Latin Americ&€&ibbean and Africa.

2.2 Other Related Biofuels Supporting Programs & Studis
Another important program is the PRO-RENGVéoordinated by the Brazilian Ministry
of Foreign Relations — MRE to articulate governmgfiforts, particularly in Latin America
and Africa in the area of renewable energies.
The objective is to increase international sciéntifooperation, particularly in these two
continents. Two other programs from CNPq (PROSUd BROAFRICA) can be used to
finance the cooperation.
Other relevant studies to LACAf-Cane-I project:

® http://www.reporterbrasil.org.br/biofuel/exibe. fig=120
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1. Competence Platform on Energy Crop and AgroforeSygtems for Arid and
Semi-arid Ecosystems - Africa - COMPETE - SIXTH HREWORK
PROGRAMME FP6-2004-INCO-DEV-3 PRIORITY A.2.3.: Magiag Arid and
Semi-arid Ecosystems — September 2006

2. “Biofuels in Africa: An assessment of risks and &Rs for African wetlands”

Commissioned by Wetlands International - May 2008



BIOENERGY CONTRIBUTION OF LATIN AMERICA, CARIBBEEMND AFRICA TO THE GSB PROJECT - LACAf-Cane-|

Table 1. Summary data for the Stage 1 Continentalonventions of the Global Sustainable Bioenergy Pject.

Continent | Location Dates Host Chairs Sponsors Number of
(2010) Institution Attendees
Europe Delft, The February | Kluyver Patricia Kluyver Centre for Genomics of Industrial
Netherlands | 26-26 Centre Osseweijer, | Fermentation, Netherlands Organisation for
for Industrial | Andre Faalj | Scientific Research; Delft University of 70
Fermentations Technology
Africa Stellenbosch| March University of | Emile van | SANERI Chair of Biofuels;
South Africa | 17-19 Stellenbosch, | Zyl Stellenbosch University;
South Africa National Research Foundation 40
Latin Sao Paulo, | March The Séo Brito Cruz, | FAPESP Bioenergy Research Program
America | Brazil 23-25 Paulo Jose (BIOEN), Brazilian Academy of Sciences
Research Goldemberg| (ABC) 200
Foundation
(FAPESP)
Asia, Kuala June Universiti Ramlan Ministry of Energy, Green Tech & Water
Oceania | Lumpur, 14-16 Teknologi Aziz
Malaysia Malaysia 86
North Minneapolis | September University of | John Institute for Renewable Energy and the
America | St. Paul, 14-16 Minnesota Sheehan, Environment
USA Jon Foley 64
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3. “Biofuels in Africa: Opportunities, Prospects anbdallenges” by Donald Mitchel
4. Studies conducted by CEPAL by Luiz Augusto Hortgyeira and Waldir Gallo:

etanol:http://www.eclac.org/publicaciones/xml/9/14459/L6D&®df

biodieselhttp://www.eclac.org/cgibin/getProd.asp?xmli=/puiones/xml/3/29423/P2942
3.xml&xsl=/mexico/tpl/p9f.xsl&base=/mexico/tpl/topattom.xslt

5. “General situation of energy in Africa™

http://www.jornaldaenergia.com.br/ler noticia.pldhhoticia=4954&id tipo=2&id
secao=17&id pai=0&titulo info=%C1frica%20demand@®ihRestimentos%20an
uais%20de%20US%2493%20bi%20em%20energia
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3. Objective

To discover and develop new knowledge related ¢ostistainable (social, environmental
and economicproduction of sugarcane and other energy crogs We expect the results
of the LACAf-Cane-I project (within the LACAf-CanBrogram described in section 7 of
this proposal) will contribute to the GSB Projeoty i.e., to sustainably meet a substantial
fraction of future (2050) demand for energy serside 25% of global mobility or
equivalent) while feeding humanity and meeting otimeeds from managed lands,
preserving wildlife habitat, and maintaining envinoental quality.

The focus of the LACAf-Cane-l project is @ugarcane and other energy crops. The
produced feedstock is expected to be used for bicgy: bioethanol (for gasoline
substitution) and bioelectricity, both using advaned first and second generation
technologies

Taking into account the national near-term poténtia bioenergy production, energy
dependence and experience with sugarcane agritigdas initial selection of countries
was carried out as indicated below. Further anslygil reduce this group to a more
workable set of countries for case studies, comsigethe time and cost limits of the
current project.

Case studies(2 for each continent) will be defined as the ecbjprogresses based on:
access to information (satellite images, data mega particularly important for the CTC
and ICONE studies), strategic importance of thentgu and possibility to establish
partnerships. One possibility at this moment isitoose the country with largest sugarcane
potential, and one country with a well establissadarcane industry presenting fossil fuel
dependence. Most likely the case countries willdmombia and Guatemala for Latin
America and South Africa and Mozambique for Africa.

Brazil, Island states of Mauritius and Reunion vahter in the project as technology

suppliers.

" The LACAf-Cane-l objective is also to evaluate gibiities from other bioenergy crops in the sedeict
countries (Colombia and Guatemala for Latin Amegnd South Africa and Mozambique for Africa).
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4. The Context in Latin America & Caribbean and Africa

4.1 Latin American: current scenario and perspecties for bioenergy

Because of the growing concerns about greenhousergasions, foreign oil dependence
and the need for modern energy alternatives thatribote to rural prosperity, bioethanol
emerges as a sustainable and renewable producthvatbapacity to replace a portion of
global gasoline demand. The LACAf-Cane Project ridte to contribute to the GSB
Project, through its primary objective of forecagtthe sustainable production of bioenergy
(including social, environmental and economic atgeia Latin America, Caribbean and
Africa.

These tropical regions, as presented by FAO in 188ve important natural conditions
favoring bioenergy production, such as high solarergy incidence, appropriate
temperatures, suitable soils and topography, eslhebetween the parallels of latitude 35°
North and South. In addition to water availabilitigere is potential for increasing arable
lands and a tradition of sugarcane industrializatla other research, Smeets et. al. (2006)
showed that these regions have the greatest paltefoti energy crop production.
Depending on the scenarios proposed by authorsniait energy production reaches from
90 to 280 EJl/year in Latin America and Caribbeard ftom 50 to 350 EJ/year in Sub-
Saharan Africa.

In parallel, the global bioenergy market is not Iwd#fined and most production and
consumption of bioethanol is concentrated in a fawntries. In fact, there are some
barriers that hamper market development. In thigeegd context, the following questions
arise: (i) why, (i) how much and (iii) how can batAmerica and Caribbean produce
bioethanol from sugar cane? To answer these qusstize have chosen countries where
relevant data were available, such as: sugarcamdugtion, available agricultural area,
development of biofuels policy or government ing¢ren biofuels. In Annex 2 are

presented a brief explanation about the situatfdsiagnergy production in countries.
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4.2 Africa: current scenario and perspectives for lmenergy
Africa is at a crossroads of trying to reconcile ttonservation of its vast cultural and
natural heritage with the many and increasing nexds growing population. Powerful
external forces continue to divert the continewifrsolutions that come from within, as
they push for the privatization and industrialieatof land, knowledge and biodiversity all
in the name of poverty alleviation. The push foofbels is the latest of these so-called
“solutions” that is extensively promoted as an apypaty for Africa to develop energy

security and alleviate poverty in rural areas.

The Africancontinent produces 10.6 Mt of sugar and it consubée$ Mt so with its large
land area and low cost labor, is an obvious tafgebiofuel developers. There is a high
level of enthusiasm for these new developmentéfiasan governments hope that biofuels
initiatives will lift their countries out of povertby providing the fuels and will improve
energy security in Africa at the same time. In Ani3eare presented a brief explanation

about the situation of bioenergy production in &dm countries.

More detailed analysis of the energy and food sedty situation of Latin

American & Caribbean and African countries are given in the “Documents”

section of this proposal as ANNEXES I, Il, and lIl.
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5. Methodology - Project Activities

5.1 Regional diagnosis in Latin America & Carilbean and Africa & Integrated

analysis

Research Team:uiz Augusto Horta NogueifaManoel Regis Lima Verde Léal
Marcelo Khaled Popp& André Furtadt!, Emile van Zyt% José Maria Rincén Martin&s
Jean-Claude Autré§, Rodolfo Espinosa, Kafarov'®, Annie Chimpahand®d, Francis
Yambd?®, Paulo Manducd, Laurent Corcodéf, Frank Rosilo Calfg, José Maria
Silveira®?, Mauro Bernt®, Lee Lynd* Leonard Sebio

Introduction

To properly assess the conditions to foster sumitéen bioenergy production from
sugarcane abroad, a crucial issue is the actualabVigy of resources for bioethanol
production, facing diverse constraints and othenalels. This assessment is more and
more important, as the bioethanol production and ase evolving rapidly, with an
increasing number of countries using ethanol akJidile other are starting or planning
ethanol production programs, using different praghecroutes, in many cases considering
sugarcane as feedstock. Currently ethanol repesaore than 2% of global energy
consumption in the transportation sector and awegrtb an IEA forecast, biofuels can

represent about 50% of energy consumed to movdeaod goods in 2050.

8 Universidade Federal de Itajuba-UNIFEI; horta@eiréidu.br

° Brazilian Bioethanol Science and Technology Latmsa— CTBE; regis.leal@bioetanol.org.br
10 Center of Strategic Studies — CGEE; mpoppe@cggéror

1 Geosciences Institute-IG/UNICAMP; furtado@ige. @mip.br

12 Stellenbosch University; WHVZ@sun.ac.za

13 Universidad Nacional de Colombia; joserinconmazi@gmail.com
*1SSCT — Mauritius

!> CENGICANA/Guatemala

18 UIS/Colombia

7'SuU/South Africa

'8 CEEEZ/Zambia

¥ NIPE/UNICAMP/Brazil

20 ERcane/Reunion Island

2 Imperial College/England

22 |E/Unicamp/Brazil

23 NIPE/UNICAMP/BRAZIL

% Dartmouth College/USA
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In scenarios of relevant ethanol production, su@ds clearly a crop of choice and many
tropical developing countries are potential prodsicén this context and in the framework

of LACAF project, some basic concerns arise andishioe carefully considered:

1. Why should Latin American and African countries getolved in bioethanol
production? Is it important to increase energy-sefficiency? Is there a potential
conflict between food and biofuels production? Stiaucountry produce biofuels
to promote development or to take advantage ingyaating of the future biofuels

global trade?

2. Once the previous question has been properly aesiereach case it will have a
reason to promote biofuels production. Then anaguestion is: is there a physical
potential to produce substantial quantities of uxd$ for domestic use and/or
exports? What is the current use of arable lartiese countries? Are there enough

natural resources (essentially land and watemdtef sugarcane production?

3. If there are good reasons and adequate physiceterea potential to foster ethanol
production, the last question is: how can thesent@s implement the necessary
actions? How is organized the government as redac#sergy? How the energy/
agriculture/ environmental/ trade/ science and rietdgy sectors operate and will

react in the case of a significant ethanol produncis put forward?

Of course that these questions are the starting pbmany other questions and discussion,
requiring detailed analysis and most of them walldbject of different tasks and activities
in LACAF project.

Objectives

As an introductory approach to the questions abbve Af-Cane-l task Diagnosis of
Energy and Food Situation in LA and AF & Integratathlysis will address fundamental
aspects (environmental, social, technological, ecoa and institutional), taking into
account the current situation and highlighting ninest evident trends, in order to assess the

current context to promote sustainably bioenerggnfsugarcane.
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Methodology

Considering regional and sub-regional data, as wasllfocusing particularly the four

selected countries in Latin America and Africa (@obia, Guatemala, South Africa and

Mozambique), the following themes should be exmlofey literature surveys and

stakeholders interviews, gathering data and inftonaeventually allowing comparative

(benchmarking) and per country analysis, as wellifathe case, instructing preliminary

public policies suggestions and recommendations:

a)

b)

d)

f)

Economy: GNP evolution and composition, agriculturaommodities
participation and trends in national trade, stafded export and import,
financing conditions.

Energy: national energy matrix evolution and trenelsergy prices and costs
(mainly for liquid fuels and electricity), vehiculduels demand and market
structure, light vehicles fleet (number and agegrgy dependence situation and
concerns, regulatory framework and decision makiogesses.

Agriculture and agro-industry (with emphasis in @w@gne and sugarcane
products): planted area, production, domestic aelnarices and estimated costs
of main agricultural products, total arable landrigation requirements,
agricultural inputs market, institutional aspecesearch activities and resources,
management and financing issues.

Environmental issues: general appraisal of nean-fgotential and perspectives
of increase bioenergy production, legislation (inithg fuel specs and emission
limits), institutions and decision making processes

Social aspects: employment and wages indicatorsal(rand urban), HDI
evolution and trends, public perception on biofyetsgrams.

Know-how in renewable energy, bioenergy and bigfuelutputs and lessons
from previous experiences, projects and programsjam resources (technical

and university levels), equipment industry situatimd perspectives.

Such overall diagnosis will be useful for other LA activities, setting the stage for

more detailed studies. In a complementary directibis task will eventually incorporate
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outputs from other tasks, producing an integrated more robust evaluation of ethanol
from sugarcane potential and perspectives in eaghtgy, as well as the obstacles to be

overcome and upsides to be explored.
Expected Results and Contributions to the GSB Proj

An integrated diagnosis of current situation ofesalaspects concerning the expansion of
ethanol production from sugarcane, with a genepgirasal for Latin American and
African regions and more detailed reports for foauntries (Colombia, Guatemala, South
Africa and Mozambique), presenting data and infdiomaon: main possible drivers for
ethanol production, near-term potential for sugaecproduction, domestic demand and

trading perspectives, preliminary feasibility evatlon and environmental aspects.

Specifically as regards to GSB, this project wifieo a close evaluation of actual condition
for ethanol from sugarcane promotion in regions andntries where there is a good

potential to foster this renewable energy in suastiale conditions.
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5.2 Determining Land Use and Physical Near-Term Pettial for Bioenergy

Production in Latin America and Africa

Edgar Beauclafr

5.2.1 CTC: Sugarcane Production near-term Potentia

Research TeamFernando César Bertolaf)iAntonio Celso Joaquithand Felipe Haenel
Gome$®, André Nassar, Fabio Mariri®, Heitor Cantarell#, Alexandre Strapassim

Rubens Lamparefft

Introduction

Any project of expansion or introduction of a cfiapa country or region need to be linked
with deep studies in areas such as the environrfvesather and soil) to define the
sustainable crop production potential. Inside tlaacept, the growth of bioethanol in the
world will demand those studies that will be thaibdor future taking decisions inside the

bioenergy sector.

The study of the environment to set up sugarcaopschas to consider climatic, soil and
topographic criteria. In addition to these fact@syironmental preservation areas within
each region should be raised and enclosed witlgahéof establishing a better zoning for
the crops being implemented. As a result of thelsoation of those criteria following a
specific methodology results in a segregation cfaar of different crop production

potentials.

Objectives

% professor ESALQ/USP; egfbeauc@esalq.usp.br

% Sugarcane Research Center — CTC; fcbertolani@atcbr

2 Sugarcane Research Center — CTC; antonio-celso@wtdr
% Sugarcane Research Center — CTC; fhgomes@ctc.com.b
% |CONE; amnassar@iconebrasil.org.br

%0 Embrapa/Brazil

%L APTA/Brazil

32 Imperial College/England
% NIPE/UNICAMP/Brazil
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- Identify potential areas to sugarcane produdtioffrican and Latin American countries;

- Quantify the different production potential oigsicane crops in these countries;
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Methodology
a. Obtaining basic data

The basic information to be used for creating mafpgeld potential will be raised locally
in different countries. These information are mapsoil, climate, forest reserves and areas
of environmental preservation. To access this médion will be necessary to contact local
governments, universities, research centers andpradit sector from all countries

involved.

A correlation of the international soils classifica systems used in those maps (FAO-
WRB?* or Soil Taxonomy’) with the Brazilian soil classification system Miie carried

out, and then the sugarcane production potentitlb&i determined for each soil group.
Field trips to the regions to be studied will berieal out, at least one for each country, in
order to recognize the inherent characteristicee&mh soil order classified in the available

maps.

The available soil maps will be digitalized in tBe&ographic Information System (GIS)
ArcGis® and of the slope maps will be generatedanfithe one of the processed SRTM
(Shuttle Radar Topography Mission)

b. Steps to obtain sugarcane production near-termgiential, climate and soil

environments
Forestry reserves and environmental preservation aas

The areas of forest or natural vegetation as webkrasironmental preservation areas shall
be considered not suitable for the installationdhkure of sugarcane. So even if they have

potential for growing sugar cane will be removethirthe planting area.
Soil Potential

The soils will be grouped in four different croptemotial production (high, medium, low
and unsuitable). The main characteristics usedttthé soils in those potentials are the

3 FAO-WRB — The World reference base for soil researof the Food and Agriculture Organization of the
United Nations

% Soil Taxonomy — Classification system developedhsyNRCS (Natural Resources Conservation Service)
of the United States Department of Agriculture
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natural fertility, texture and some peculiar chéastics of different soil orders, like

effective depth, gravel presence, drainage andsthe
Climate potential

The climatic types also will be grouped in four gmial types (high, medium, low and
unsuitable), being considered drought, temperaaime the risk of frost. The near-term

potential production will be considered with raidfend with salvation irrigation.
Slope

Three slope intervals will be generated: less tt2; 12-20% and above 20%. In the first
slope interval there is no restriction to mechadnigperations (transport, harvest and
cultivation practices). In the second interval ¢hare possibility of mechanical operations
but with some restrictions and in the third inténfabove 20%) there are several

restrictions even for manual operations and ibisstdered unsuitable.

CTC (detailed chronogram)

1% year 2" year
Action . . . . . .
trim. [ 2%%rim. | 3%trim. | 4" trim. | ™trim. | 2"¢im. | 3%tim. | 4" trim.

Evaluations of areas and obtain data X X
Creation of basic maps X X X
Field trips X X X X
Creation of production near-term

. X X
potential maps
Preparation of reports X X
Final Report X
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5.2.2 ICONE: Land Use Change in Latin America and Aica

Research TeamMarcelo R. Moreir®, Keith Kline*’, and André M. Nassit Rubens

Lamparell?®

Introduction

Agricultural activities have altered our planet'andl surface and the production of
agricultural feedstock for biofuel production malga have the near-term potential to
change on land use in Latin American and Africanntoes. Therefore, a comprehensive
assessment of biofuel sustainability requires aalyais of the impacts that biofuel

production will cause in land use.
Objective

The main objective of this analysis is to asseedahd use impacts of biofuels production

in Latin America and Africa. The specific objectsvef this study are:

(1) Build a base map of land cover;
(2) Analyze recent land use dynamics and identify gepaf land use change;
(3) Simulate land use change according to biofuel prtd scenarios;

(4) Evaluate potential GHG emissions due to land usegéh.

% |nstitute for International Trade NegotiationsGAONE; mmoreira@iconebrasil.org.br
37

ORNL
38 |nstitute for International Trade NegotiationsGAONE; amnassar@iconebrasil.org.br

3% NIPE/UNICAMP/BRAZIL
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Methodology

The methodology will require research in differanéas of science, with both static and
dynamic land use analysis. It can be disaggregatéour separate steps, according to the

four specific objectives.

1. The first methodological step will focus on the stvaction of a land cover base
maps, representing actual land cover. Some cosntright have national statistics for land
cover, but it is not expected that this will be ttese for all countries, especially the least
developed ones. Further, official land cover seeoyddata is generally incomplete,
imprecise, and sometimes inexistent. The accur&dgna cover data is greatly enhanced
when national inventory (secondary data) is contbinéth satellite-derived land cover
data. The base maps for each country (or regiothwiconstructed using both secondary
data and Geographic Information System (GIS) tephes.

The approach to merge those databases is desamiblethils in Ramankutgt al (2008}°.

The imagery required for this step is availabl¢hima Geo-Wiki project, a partnership of the
International Institute for Applied Systems Analjsthe University of Applied Sciences
Wiener Neustadt and the University of FreiblirgSecondary database will come from

official surveys and FAO data, according to itsikamlity.

2. The establishment of land use change pattern isothective of the second
methodological step. Different from step 1, in skewe are no longer interested in a static
portrait of land cover, but in knowing how land eo\has changed in the recent past. This
information will serve as the base to establisld lase dynamic patterns.

The methodological approach will be based on Gikbsal (2010§ that quantify

agricultural expansion across the major tropicakdts regions using Landsat scenes

0 Ramankutty, N.; Evan, A. T.; Monfreda, C.; Foldy,2008. Farming the planet: 1. Geographic distign
of global agricultural lands in the year 2000. GlbBiogeochemical Cycles, vol. 22, gb1003, 19pp.
(DOI:10.1029/2007GB002952)

“! Information about the Geo Wiki project can be foua http://www.geo-wiki.org/index.php.

2 Gibbs, H. K.; Ruesch, A. S.; Achard, F.; Claythh,K.; Holmgren, P.; Ramankutty, N.; Foley, J. A1D.
Tropical forests were the primary sources of nevicafjural land in the 1980s and 1990s. PNAS, 107,
no. 38, 16732-16737. (DOI 10.1073/pnas.0910275107.)
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created by the Food and Agricultural Organizatiérihe United Nations. This step does
not depend on results from step 1.

3. Once step 1 and step 2 are concluded, we will aalvase map of current land use
(static) and identified patterns of land use chafty@mamic). The additional information
needed in this step is: the biofuel productionati@nd the map of potential production of
biofuel feedstock. The combination of the biofuebguction scenario and feedstock
potential gives the amount of additional land neetdemeet the biofuel production target.
The biofuel feedstock expansion and its effectaimdl use change will then be simulated
according to the pattern of land use dynamics itledtin step 2. It will then be possible to

simulate changes in the actual land cover duedfuéi production.

4. Once step 3 is concluded, it is possible to cateuteet CQ emissions/sinks from
land use change. The methodology must consider ££&ks above and below ground
before and after land use change, as well as cams@v those emissions are released over
time. Here we propose to follow a tabular methodgl(hot an especially explicit model)
to measure COemissions. The methodology used by the Unitecest&nvironmental
Protection Agency, for the Renewable Fuel Standgrdescribed in EPA (2018) The

impacts of biofuel expansion on the productiontbieo agricultural commodities.

ICONE (detailed chronogram)

15t ond 37 40 5 6
quarter | quarter | quarter | quarter | quarter | quarter

Step 1

Step 2

Step 3

Step 4

Final report

The beginning of this step depends on CTC finithegpotential study. It has to be decided
also the production scenario for each country.

3 United States Environmental Protection Agency (Ef®enewable Fuel Standard Program (RFS2)
Regulatory Impact Analysis. EPA-420-R-10-006. Feloy.2010
(www.epa.gov/otag/renewablefuels/420r10006.pdf).
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5.2.3 Use a Sugarcane Crop Model and Estimate Total Sugeane Ethanol
Production in LA and AF

Research Team: Edgar Beauclaff, Fabio Marif®, Heitor Cantarell®, Alexandre
StrapasscH, SASRf®, CENICANA*

- There are many ways of modeling a crop to estinfatal production. The
differences among them are related to the kindav&meters that are going to be
used. More detailed models are willing to have tiebainderstanding of the crop
itself and its responses to environmental eventd asually consider some
parameters quite difficult to be obtained and to dmplied for strategic and
operational production planning like photosynthesisanspiration and other
metabolic and physiologic events in a micro scaleoider to follows internal
process in plant.

- A better approach for strategic planning goalseataphoclimatic models that use
parameters that are commonly obtained like typesaf, including its water
retention capacity for an accurate hydric balartusforical series of whether
records, specially rain and temperature and ofsgyisome crop productivity under
these conditions. Since in all cases the exactevafuthe parameters, the general
model based on the theory of a system that conveestotal amount of mass
(water) and energy (temperature — degree-daysjvezt@to a productivity of the
crop from that system. Much different conversioficegncy will be found and
validation studies must be taken. The technologiegkl is preponderant in
increasing this efficiency, and the data cannatXdeapolated for different varieties,
ages, soils, etc, but a general model can be doree tused as a primarily and
conservative data, specially because the watentrete capacity is going to be

estimate and this will influence the hydric balamdeerever methodology is going

* Professor ESALQ/USP egfbeauc@esalq.usp.br

5 Researcher EMBRAPA-CNPTIA marin@cnptia.embrapa.br
6 Researcher IAC/APTA cantarella@iac.sp.gov.br

" Brazilian Researcher alexandre.strapasson10@iahac.uk
8 To be defined

*9To be defined
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to be used. The crop coefficient (Kc) will be th&@ numbers that are very
generic. The multiple regression analysis is tlo¢ tm be used in these studies. This
methodology was able to predict this Brazilian sedasreakdown in April using the
INPE climatic predictions and average numbers fffer@nt soils. It is far from
perfection but it gives a nice base for planningiear-term potential production.

- Data mining (fuzzy models) doesn’t seem to be atoppn this case, since we
believe that we already will face many problemsfaed with reliable data any
model.

- Another option is to buy “ready to use” system= IlikKPSIM and CANEGRO.
Again in these cases the systems must be feedr@i#iiole data and they also need
validation field trials, like all the others.

- For other crops we intend to use the same modelnattiodology, changing the
crop coefficients for the proper ones from the samearce that is FAO. They will

have the same limitations described above.
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5.3 Productive Models & Innovation Studies

Research Team:Manoel Regis Lima Verde L&§] Emile van Zyt"; José Maria Rincon

Martinez?, Antonio Bonomi®, Leonard Sebio, Jean Claude Autfefrancis
Yamba®Miguel Taube Nett®, Luiz Horta Nogueird, Geraldo Marth®, Edgar

Beauclair®, Marco Tulio Ospin&

Introduction

In the development of the project of a new sugareghanol distillery, the industrial sector
can be installed already using the state of th@fatthe technology for cane processing to
ethanol and energy generation. However, the agui@llsector has to follow the common
practices in the initial stages, although it is htygdesirable to have a program of
progressive improvements and modernization, coiblgatvith the farms skills and the
ability of the government and private investorsimtroduce new and more efficient
technologies. A tentative to make radical changethé agriculture culture and practices
will be doomed to failure since the agriculturattee, especially in developing countries, is
a very conservative one and highly suspicious ablminhecessity and success of changes.
Nevertheless, to be successful in the long ternfiedestock production for biofuels have to
follow the most efficient and sustainable practisege it has to fulfill certain requirements
not normally demanded for food production. Enerdficiency, low lifecycle GHG
emissions, high yields, low production costs areendemanding for energy than for food

application.

Objective

*0 Brazilian Bioethanol Science and Technology Latmsa— CTBE; regis.leal@bioetanol.org.br
°1 Stellenbosch University; WHVZ@sun.ac.za

%2 Universidad Nacional de Colombia; joserinconmai@®gmail.com

> CTBE

**|SSCT/Mauritius

> CEEEZ/ZAMBIA

** UNISOMA

>" UNIFEI/Brazil

8 Embrapa/Brazil

%9 USP/Brazil

%0 Universidade Estadual de Campinas-UNICAMP
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The objective of this topic is to determine the togportant items and the corresponding
road map that will conduct the sugarcane etharadymtion technologies from the present
stage to a desired stage of performance, bearimgnd the specificities of each country
under consideration.

For that it is mandatory to select an ultimate picitbn model that take into consideration
the particular conditions of each country undersoderation such as:

» Strongest driving force: energy security, GHG emisgeduction, support to the
agriculture.

» Agricultural production model: land tenure, sizepybperties, and level of local
capacity, mechanization, main cultures and presgmtultural practices.

* Impacts on food production: main staple food crdpad and water availability,
planned biofuel production.

* Regulatory framework: biofuels support programsemable energy goals, tariffs
for food and energy, support to biofuels R&D.

Methodology

Based on the preliminary analysis of the local o a production model will be
suggested considering the existing local pracicegriculture and the desirable future
agricultural technology, required to create a caitige biofuel industry and to maintain
the social impacts on the positive side.

Therefore, the main issue to be considered indénglopment are:

* How to reduce the impacts on the present agri@llfinactices: maintain or
improve the economic viability of small produceasdlyze and adapt existing
models in Africa and Brazil).

* How to improve the food production in the countrgsociate biofuel and food
production in schemes such as cattle/sugarcangratien, use of greenhouses to
produce vegetables using the resources from tlametldistillery (electricity, heat

and CO2), food production in the land availablemyithe sugarcane field renewal,
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reserve a fraction of total farm land for food pwotion by the local population,
make available irrigation water for the local farsie

« How the advanced technologies can be implementdteifuture to increase the
competitiveness of the biofuel production: secoedagation biofuels, biorefinery
concept, sugarcane especially bred for energy ptady low impact

mechanization.

What will be the desirable policy framework to sagphe biofuel program in the initial

stages toward the self sustainability of the adpucal sector.

Simulation using computer modeling will be use@¢admpare the possible alternatives in

terms of the Project goals and the sustainabggyes.
Expected Results and Contributions to the GSB Proj

The main product of this activity will be a suggesbioethanol production model that will
be, at the same time, adapted to the local comditamd evolving in the time with a target
to become competitive in a near future, based @n thnee pillars of sustainability:

economic, social and environmental.

If the biofuel export potential exists than the uigments of the main biofuel legislation

worldwide (Renewable Energy Directive and Renewé&biel Standard) will be considered.

This activity will help the GSB Project by providjnnformation on the social, economic
and environmental impacts of the biofuel prograrsetected African countries, estimating

the biofuel production costs and the desirableneldgy development and implementation.
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5.4 Expected results from the LACATf-I project

The studies conducted in the LACAf-Cane-I| projee going to be evaluated during the
meetings carried out in Brazil, involving the prdjeoordinators and main researchers,
including the GSB members, and the regional megtargd visits carried on in selected
case study countries (South Africa, Colombia, Mozigme and Guatemala).

The LACAF-Cane-l is an important part of the LAC&&ne Program presented below at
section 7 of the present proposal. The entire LACAhe Program intends to be an
important contribution to the GSB project taskstfor stage 2 presented below:
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Current Land
Inventory
(Foundation
for other
tasks)

Potential Levers

Fostering large scale bioenergy production

impacts

Available Task 6
Pasture Task 2 . Land Bivenergy .
intensificatio . {Quantity Crop Tons | Conversic
Tosk 3 2, Productivity (Literafur
- .
— Double crops - 3
) Task 4
Changed animal -
feed rations
Literature
Burned/disturbed — -,
land
. Task S Uretary
orfand Constraints supply chain
efficiency
—— Deman
Productivity of Literature
food/feed
crops
Potential/Perceived
Showstoppers
. Task 7
Food security
impacts
Fertilizer demand Task &

Fuel & electricity demand and efficiency of utilization (literature)

The programmed meetings are intended also to disthes contributions to the GSB

project, and will be used to redirect some specdlgectives. A final meeting is

programmed to occur in Brazil after which a fingbort will be presented.

The results will be published in joint publicatiansolving the GSB project coordination.
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6. Meetings and Missions

6.a Meetings
A series of meetings are planned to occur duriegptioject, according to the chronogram

presented below.

LACAf-l Chronogram

Month2  Month 3 Month 9  Month 10 Month 12 Month 16 Month 17 Month 18 Month 20 Month 24

N N N N N N N N N N

1. Diagnosis
(Luiz Horta Nogueira)

2. Survey CTC
(André Nassar/
Fernando Bertolani)

3. Survey Icone
(André Nassar)

4.  Determining Land Use
and Physical Near-
Term Potential (Edgar
Beauclair/ André
Nassar)

5. Productive Model
(Manoel Regis Leal)

6.  Conclusions

T 1 T 1 T B 0 0 0 0
1st Meeting 2nd Meeting 3 Meeting 4" Meeting 5" Meeting ~ 6th Meeting 7" Meeting  8th Meeting
Campinas Campinas Calli, cO Campinas Durban, AS  Campinas Campinas Campinas
Progress Report Report is Due

Several long distance meetings are expected ta abaung the project.

6.b Missions

The Meeting in Campinas, Brazil will be followed Wigits to Piracicaba and Ribeirdo
Preto.

The South African Meeting will be followed by visito Mozambique, Zambia, and
Reunion.

The Colombia Meeting will be followed by a visit @uatemala (CENGICANA).

The South Africa Meeting will be followed by a \tisd Mozambique.
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7. The LACAf-Cane Program, LACAf-Cane-l, Sub-Projeds and Teams

The LACAf-Cane-l Project is intended to be thetfosthe proposed LACAf-Cane Program presentedvibelo

LACAf Program/Bioen/FAPESP (October 18th, 2012)

Project “LACAf"-| “LACAf-II “LACAf™-III “LACAf"-IV “LACAf-V”
Near-Term Potential Production of Bioenergy LA andAf Food Security Fertilizer Socio-Economics Environment Impacts
Pesquisador Cortez Jeremy Cantarella André Furtado Suani Coelho
Responsavel
(PR)
Sub-Project Diagnosis Determining Land Use Production Biofuels and Future Effect of Precision Bioenergy Social Water Water
Energy and | and Physical Near-Term Models and food security, | Inorganic | Sugarcane | Agriculture, and Food Impacts use in Quality and
Food Situation Potential Innovation complementari| Fertilizer Trash and No-Till and Scenarios and Ethanol | Atmospheric
and Integrated ties, linkages demand qther _ S_qil _ in LA and Economic | Producti | EMissions in
Analysis modern- and residues in | Conditioning Af Develop on Ethanol
traditional Recycling soil fertility ment (Agricul Production
agriculture.... | Nutrients ture &
for
Industr
biofuels )
Pesquisadores Horta Edgar Beauclair Regis Jeremy, Raffaella | Cantarella Braunbeck André Marcia Jansle Osvaldo
Principais (PP) Frank Furtado Azanha Rocha Lucon
Pesquisadores | Rincon. Emile CTC. ICONE Bonomi. Jean Alexandre, Cantarella| Raffaella, Cantarella, Marcia, Annie, Teixeira, Suani,
Associados (PA) Espinosa, ORNL, Nassar, Fabio,| Claude, Francis| Cantarella, Beauclair, | Beauclair, Raffaella, Jeremy, Jeremy, Paulo Moreira,
Lee L., Cantarella, Alexandre,| Y, UNISOMA, Beauclair, Féabio, Fébio, Graziano, Frank, Frank, Graziano| Goldemberg,
Poppe, SASRI, CENICANA, | Emile, Rincon, | Marcia, Annie, |  Robert ORNL, Bonomi, Horta, André Suani, ORNL,
Kafarov, Jean Lamparelli Horta, Geraldo | Emjle, Horta, Boodey Regis, Edgar Regis, Furtado, Lucon, Joaquim
CIaude,_Annle, Martha: Regis, Geraldo Galdos, Beauclair, Alexandre Horta, Folegati,
Francis Y, Beauclair, Martha. Suani B beck Fabi Reai ORNL
Laurent, Frank, Leonard, artha, suani, raunbec ] anio, €gss, '
José Maria, Marco Tulio Jansle, Marco Zigomar Geraldo | Jannuzzi,
Leonard, Tulio Martha, Silvia
Manduca, José Maria| Nebra,
Mauro ICONE
Apoio Técnico e Lilian (NIPE), Mauro (NIPE) Lilian (NIPE) APTA Lilan (NIPE) CENBIO

Administrativo
(ATA)
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APTA/Brazil (Heitor Cantarella, Raffaella Rossefto)

CEEEZ/Zambia (Francis Yamba);

CGEE (Marcelo Poppe);

CTBE/Brazil (Antonio Bonomi, Galdos, Joaquim Seal@acar Braunbeck, M. Regis Leal);
CTC/Brazil (Antonio Celso Joaquim, Fernando César Bertpkalipe Haenel Gomes, Jorge Donzelli);
Dartmouth University/USA (Lee Lynd);

Embrapa /Brazil (Fabio Marin, Geraldo Martha, RolBnodey);

ERcane/Reunion I. (Laurent Corcodel);

Esalg/USP/Brazil (Edgar Beauclair, Marcia Azanha);

IC, UK (Alexandre Strapasson, Frank Rosillo-Caliesemy Woods);

ICONE/Brazil (André Nassar, Marcelo Moreira, Latitarfuch, Gabriel Grango);
ISSCT/Mauritius (Jean Claude Autrey);

SU/South Africa (Annie Chimpahango, Emile van zZyl);

SMA/Brazil (Osvaldo Lucon);

ORNL, USA (Keith Kline, Maggie Davis, Virginia Dgle

UIS/Colombia (Vyacheslav Kafarov);

UNC/Colombia (José Maria Rincén Martinez);

UNICAMP/Brazil (André Furtado; Gilberto Jannuzzanle Rocha, José Maria Silveira, Leonard Sebits Cortez, Marco Tulio, Paulo Graziano Magalhaes,
Silvia Nebra, Paulo Manduca, Mauro Berni, Rubeasparelli);

UNIFEI/Brazil (Luiz Horta Nogueira);

UNISOMA/Brazil (Miguel Taube);

USP (José Goldemberg, Roberto Moreira, Suani Cdelho

Rodolfo Espinosa (CENGICANA/Guatemala):

SASRI;

CENICANA.
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