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Foreword

In order to mitigate the impacts of climate change, the world must drastically reduce

global GHG emissions in the coming decad&scording to the IPCC, to prevent the

global mean temperature from rising ov&€ 3atmospheric GHG concentrations must be

stebilized at 550 ppm. By 2030, this will require countries to reduce annual global
emissions from 60 GtCf to less than 30 GtG®. At the same time, industrialized
countriesd6 emissions ar e gxy«q geartwihdthetestofst ab i |
the world responsible for the remaining 38 Gt€OThereforeit is clear that developed

countries alone cannot sufficiently reduce their emissions to stabilize global GHG
concentrations. It will be necessary for emerging economies to shift towardcaroon
development path in to reduce global GHG concentrations on the required scale.

Without Brazil playing a prominent role, it is difficult to envisage an effective solution at
the global level, given its importance in setting political agendas. % Baazil has

lead many key domestic and international initiatives to reduce greenhouse gas emissions.
First, Brazil has implemented innovative policies to reduce emissions from deforestation,
land use and land use changes (LULUCF), which, until regeatiyounted for around

20% of global emissions. Second, in the energy sector, Brazil has accumulated
unprecedented experience in renewable energy, particularly bioenergy and, as a result,
Brazil 0s per-based pnissiens dreosgysficantbyverubar those in other
countries. Third, on December 29, 2009 the Brazilian Parliament adopteticeal
Climate Change Policy, which includas ambitious voluntary national GHG reduction
target for 2020. Furthermore, on the international level, iBhas for decades been a

key participant in developing agreements to tackle the climate change challenge. In June
1992, the country hosted the United Nations Conference on Environment and
Development, also known as the Rio Earth Summit. The Clean [peveld
Mechanism of th&yoto Protocolwas also a Brazilian proposal.

The Brazil Low Carbon Study aims to suppo
development while reducinGHG emissions. The World Bank Group has always been
committed to supporting growth in developing countries, and in October 2008, it adopted

a Strategic Framework on Climate Change and Development (SFCCD) to integrate
climate change into the developmeneagda without compromising growth and poverty

reduction efforts. Within the context of the SFCCD, the World Bank has undertaken a

series of initiatives toupport climatechange mitigation witim countryled development
processesOne of these initiativebas been to coordinate several {oarbon growth

studies through close interactions with its longstanding partners. This study is the result

of that initiative.

In order to build upon the best available knowledge, the study process emphasized a
consultaitve, iterative approach that involved extensive participation by Brazilian experts

and government representatives. I n particu
development plans, exploring options to achieve the same development goals while
reduchg emissions in four main areds LULUCF, energy, transport, and waste
management. However, it does not stop at establishing a list eéddyon technical

options. It builds understanding of the current dynamics that drive emissions in these

Vi
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sectors and xamines the necessary conditions for these-davibon options to be
effectively scaleelp in place of conventional ones. By doing so, the study provides
technical and analytical elements for exploring possible emissions reductions through
2030, going beyahthe 2020 voluntary commitments announced by the Government.

Many developing countries have already indicated their commitment to addressing
climate change by declaring their willingness to implement Nationally Appropriate
Mitigation Actions (NAMASs), whitr in many cases will require external financial
support. Brazil has demonstrated a growing interest in helping other developing
countries to move along sustainable development paths through increase®&dhth
cooperation. It is our hope that both thelsoand the findings of this study will be of use

to Brazil and other countries as they seek to move towardsddvon development
paths.

Laura Tuck, Director Makhtar Diop, Director for Brazil
Sustainable Development Department Country Management Uni
Latin America and the Caribbean Region  Latin America and the Caribbean Region
The World Bank The World Bank
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Executive Summary

1. Brazil s commitment to combat cl i mat
when the country hosted the United Nations Conference on Environment and
Development, also known as the Rio Earth Summit, in June 1992The resulting

United Nations Framework Convention on Climate Change (UNFCCC) led to the
creation of theKyoto Protocol Today, Brazil remains strongly committed to voluntarily

reducing its carbon emissions. On December 1, 2008 President Luiz Inacio Lula da

Silva launched the National Plan on Climate &f& (PNMC), based on work of the
Interministerial Committee on Climate Change, in collaboration with the Brazilian

Forum on Climate Change and civil society organizations. The PNMC calls for a 70
percent reduction in deforestation by 2017, a particuladteworthy goal given that
Brazil has the worl dds second | argest bl ock
2009 the Brazilian Parliament adopted Law 12.187, which institutes the National Climate
Change Policy of Brazil and set a voluntary naticgralenhouse gas reduction target of

between 36.1% and 38.9% of projected emissions by 2020.

2. As the worlddés | argest tropical count
gas (GHG) emissions profileln prior decades, the availability of large volumes of

land suitable for crop cultivation and pasture helped to transform agriculture and

|l ivestock into key sectors for .dnutletpasti ni ng t
decade alone, these two sectors accounted for an average of 25 percent of national GDP.

The steady expansion of crop land and pasture has also required the conversion of more
native landmaking land-u s e change the countrydos main s
today. Atthe same time, Brazil has used the abundant natural resources of its vast

territory to explore and develop lowcarbon renewable energy.

3. Currently, per capita fossil fuddased emissions in Brazil are much lower

than those in other countriégwing to the large role of renewakd@ergy sources for

electricity and fuels. Hydropeer represents more than thifeeirths of installed

electricity generation capacity, while ethanol substitutes forfifths of gasoline fuel.
Without the historically |l arge investments
energy matrix would be far more car bon iintensive. | f Br a:
reflected the worldwide average, energgector emissions would presumably be

twice as high and total national emissions 17 percent greater. The energy and

transport sectors in Brazil are, thus, already widely based on lowcarbon

alternatives and current efforts to keep the energy matrix clean must be
acknowledged. However, the maintenance of a lewarbon development path in

Brazil will continue to require larger investments in lowcarbon options and

additional measures to reduce emissions in the Brazilian energy sector may require

increased efforts.

4. Yet Brazil used to be one of the largest GHG emitters from
deforestation and would probably continue
recent adoption of a seiles of measures to protect the forest. Although drastically
reduced in recent years, deforestation could continue to be a potentially large

! Fossil fuel based emissions amount to about 1.9 A@€r year per capita or less than difia of the
OECD country average.
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emission source in the future. Exacerbating this outlook are expected growth in
carbonintensive sources of elet power, accelerated use of diebaked transport, and
a larger volume of methane (@Hemissions from expanded landfill development.

5. At the same time, Brazil is likely to suffer significantly from the

adverse effects of climate changeSome advanck models suggest thatuch of the

eastern part of the Brazilian Amazon region could be converted into a saVidenah

ecosystem before the end of this century. A phenomenon known as the Amazon
dieback, combined with the shorierm effects of deforestat by fires, could reduce

rainfall in the CentraWest and Northeast regions, resulting in smaller crop yields and

less available water for hydropoweased electricify Urgent solutions are thus needed

to reduce Brazil 6s v addmnoenabldthelimplementationot | i mat e
adaptation actions in the country

6. Like many other developing countries, Brazil faces the dual challenge

of encouraging development and reducing GHG emissionsPresident Lula echoed

this concern in his introductioio the National Plan, stating that actions to avoid future
GHG emissions should not adversely affect the development rights of the poor, who
have done nothing to generate the problem. Efforts to mitigate GHG emissions should
not add to the cost of develoent, but there are stromgasons to shift toward a lew
carbon economy. Lowarbon alternatives would offer important development co
benefits, ranging from reduced congestion and air pollution in urban transport areas to
better waste management, jobsati@n and costs savings for industry, and biodiversity
conservation. Countries that pursue dcarbon development are more likely to benefit
from strategic and competitive advantages, such as the transfer of financial resources
through the carbon markehew international financing instruments, and access to
emerging global markets for leearbon products. In the future this may create a
competitive advantage for the production of goods and services, due to the lower
emission indexes associated with tlie tiycle of products.

Study Overview

7. The overall aim of this study was t
identify opportunities to reduce its emissions in ways that foster economic
development. The primary objective was to provide the Brazilian govemint@e

technical inputs needed to assess the potential and conditions fecardbon
development in key emitting sectors.

8. To this end, the World Bank study adopted a programmatic
approach I n l i ne wi t h t h e-terrB rdavelopmenta n goVe
objectives as foll ows: (1) anticipate the futur

establish a reference scenario; (ii) identify and quantify lower cartiensive options to
mitigate emissions, as well as potential options for carbon uptake; $@¥sshe costs of
these lowcarbon options, identify barriers to their adoption, and explore measures to
overcome them; and (iv) build a legarbon emissions scenario that meets the same
development expectations. The team also analyzed the macroecorfteuts ef
shifting from the reference scenario to the4oavbon one and the financing required.

RAssessment of the Risk of Amazon Dieback, 0o World B
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9. To build on the best available knowledge and avoid duplicate effort,

the study team undertook a broad consultative processneeting with more than 70
recogrized Brazilian experts, technicians, and government representatives covering most
emitting sectors and surveying the copious literature available. This preparatory work
informed the selection of four key areas with a large potential foickmwon options(i)

land use, landise change, and forestry (LULUCF), including deforestation; (ii) transport
systems; (iii) energy production and use, particularly electricity and oil and gas; and (iv)
solid and liquid urban waste.

10. In order to estimate the emissias Brazil would generate in these four
key areas over the study period, the study
is |l ater compared wiarbhomnhecpmnajreotwwed Il ow

the reference scenario is based on a different iedology than the one used by the
Brazilian government in its national GHG inventory. In particular, having focused on

these four areas, the reference scenario built by this study does not cover 100 percent of
all emission sources of the country and tfeme should not be considered as a
simulation of future national emissions inventories.

11. Since the objective of this study was not to simulate the future
devel opment of t he Brazilian economy or
development objectivesthis study has adhered, to the extent possible, to existing
government plans to establish the reference scenario. Therefore, the 2030 National
Energy Plan (PNE 2030), published by tdéistry of Mines and Energy (MMEin

2007, was adopted as the refere scenario for the energy sector. The study also took
into account of Brazil s Government Accel et
Logistic and Transport Plan (PNLT), launched in 2007, and other policies and measures

in other sectors that were eddy published by the time the reference scenario was
establishet! Where long term planning publications were unavailable, the team built its
own reference scenarios, using sector models developed or adapted for the project,
consistent with the maiassumptions of the PNE 2030. Key interfaces (e.g., determining

the land needed for solid and liquid biofuels production in the transport and energy
sectors) were addressed jointly by the teams in charge of these sectors and-tise land
modeling.

3 Certain industrial sources of nitrous oxide,Q, hydroflourocarbons (HFCs), perflourocarbons (PFCs),
sulfur hexafluoride (S§F, and other no#Kyoto GHG gases are not covered by this study. Without a recent
complete inventory, it is not possible to deténe precisely the share of other sources in the national GHG
balance. However, based on the first Brazil National Communication (1994), it is expected that they
would not exceed 5 percent of total Kyoto GHG emissions. Not all agriculture activitiesakereinto
account when estimating emissions from that sector; crops taken into account in the calculation of the
emissions from agriculture represent around 80% of the total crop area.

* As a result of the methodology used to establish this referencarsxet differs from the projections of
national and sectoral emissions officially announced by the Brazilian Government in 2009 along with the
voluntary commitment to reduce emissions, which are reflected in law Law 12.187. The difference
between the ference scenario defined in this study and the one established by the Brazilian government
on the basis of past trends reflects the positive impact on emission reductions of the policies already
adopted at the ti me t hi s IlisheduNoticabdy, the eefernce stenaiowasenar i o
defined before the elaboration of the National Plan on Climate Change (PNMC) and the adoption of Law
12.187, which institutes the National Climate Change Policy of Brazil and set a voluntary national
greenhouseas reduction target.
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12. Refeence-scenario results for these main areas show that
deforestation remains the Kkey driver of Br
2030 Modeling results indicate that, after a slight decrease ini2QQ%eforestation
emissions are expected to stabilean annual rate of about 4800 Mt CQ. Even so,

the relative share declines to about 30 percent as emissions from the energy, transport,
and wastananagement sectors continue to grow. Since transport and energy
consumption are both functions of eoaomc growth, certain subsectors dependent on
fossil fuels (e.g., urban bus systems or thermal power generation and industrial
processes) have high emissions growth; for subsectors that depend on energy forms with
a lower carbon intensity (e.g., bioethapolwered vehicles or hydropowgenerated
electricity), levels of emission remain relatively stabl&n annex of maps and an
electronic database detail the results of the study by state.

Land Use and Land-use Change: Toward a New Dynamic

13. Despite its significant decline in the past four years, deforestation
remains Brazil ds | argest source ofifthscar bon
of national gross emissions (2008) Over the past 15 years, deforestation has
contributed t o Ibos dtack byn apoutBor lallon mndiris tors,athe
equivalent of twethirds of annual global emissions. Without the Brazilian
governmentos recent forest protection ef f
deforestation would be significantly higtfer.The drivers of deforestation occur at

multiple levels. In the Amazon and Cerrado regions, for example, the spatial dynamics

of agricultural and livestock expansion, new roads, and immigration determine the
pattern of deforestation. At a national or interowadél scale, broader market forces
affecting the meat and crop sectors drive deforestation.

14. Agricultural production and livestock activities also produce direct
emissions, together accounting for on#ourth of national gross emissions
Agricultural emissions mainly result from the use of fertilizer and mineralization of
nitrogen (N) in the soil, cultivation of wetland irrigated rice, the burning of sugar cane,
and use of fossil fugpowered agricultural equipmentLivestock emissions result
mainly from the digestive process of beef cattle, which releases of methang i(BH

the atmosphere.

Models and Reference-scenario Results

15. To estimate future demand for land and LULUCF emissions, the
study developed two complementary modeld) Brazilian Land Use Model (BLUM)
and (ii) Simulate Brazil (SIM Brazil). BLUM is an econometric model that estimates the
allocation of land area and measures changes in land use resulting fromagpply
demand dynamics for major competing activifiesSIM Brazil, a geereferenced

® From 1970 to 2007, the Amazon lost about 18 percent of its original forest cover; over the past 15 years,
the Cerrado lost 20 percent of its original area, while the Atlantic Forest, which had been largely
deforested earlier, loStpercent.

® After peaking at 27,000 krin 2004, deforestation rates have declined substantially, falling to 11,200 km

in 2007, the second lowest historical rate recorded by the PRODES deforestation observation program
(INPE 2008).

" These include six kecrops (soybean, corn, cotton, rice, bean, and sugar cane), pasture, and production
forests; the model also projects demand for various kinds of meat and corresponding needs for chaff and
corn.
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spatialization model, estimates future land use over time under various scenarios. SIM
Brazil does not alter BLUM data; it finds a place for lars activities, taking into
account such criteria as agricultural aptitude, distanceatsrairban attraction, cost of
transport to ports, declivity, and distance to converted areas. SIM Brazil works at a
definition level of 1 kr, making it possible to generate detailed maps and tables.

16. Under the reference scenario, about 17 million & of additional land

are required to accommodate the expansion of all activities over the 20D

period. In Brazil as a whole, the total area allocated to productive uses, estimated at 257
million ha in 2008, is expected to grow 7 peréet about 276 nilion had in 2030; 24
percent of that growth is expected to occur in the Amazon region. In 2030, as in 2008,
pastures are expected to occupy most of this area (205 million ha in 2008 and 207
million in 2030). Growth of this total amount over time makesetessary to convert
native vegetation to productive use, which mainly occurs in frontier regions, the Amazon
region, and, on a smaller scale, in Maranhao, Piaui, Tocantin, and Bahia.

17. To estimate the corresponding balance of annual emissions and
carbon uptake over the next 26year period, these and related models calculated

land use and landuse change for each-km? plot at several level$ Results showed

that landuse change via deforestation accounts for the largest share of annual LULUCF
emissiond up to 533 Mt CQe by 2030. Direct annual emissions from land use only
(agriculture and livestock) increase over the period, with an average annual rate of 346
Mt CO.e. Carbon uptake offsets less than 1 percent of gross LULUCF emissions,
sequestering 28t CO.e in 2010, down to 20 Mt G@ in 2030. Over the 2@ear
period, LULUCF gross emissions increase-tmath, reaching 916 Mt C&@ by 2030.

The net balance between land use, landse change, and carbon uptake results in
increased emissions, whicheach about 895 Mt CQe annually by 2036.

Low-carbon Options for Emissions Mitigation

18. Avoiding deforestation offers by far the largest opportunity for GHG
mitigation in Brazil. Under the resulting lowearbon scenario, avoided emissions from
deforestdion would amount to about 6.2 Gt @®over the 20180 period, or more than
295 Mt CQe per year.

19. Brazil has developed foreptotection policies and projects to counter the
progression of pressure at the frontier and is experienced in economitiesctiv
compatible with forest sustainabilityShifting to a low-carbon scenario that ensures
growth of agriculture and the meat industryd both important to the Brazilian
economyd would also require acting on the primary cause of deforestation:
demand for more land for agriculture and livestock.

20. To drastically reduce deforestation, this study proposed a dual
strategy: (i) eliminate the structural causes of deforestation and (ii) protect the
forest from illegal attempts to cut. Eliminating the structuratauses of deforestation

8 Microregion, state, and country.

® When calculating natiohacarbon inventories, some countries consider the contribution of natural
regrowth towards carbon uptake; therefore, although this study does not compute this contribution in the
carbon balance of LULUCF activities, it would be fair to add that informdtiosomparison purposes. If

the carbon uptake from the natural regrowth of degraded forests were to be included, then the potential
uptake would increase by 109MtCO2 per year, thus reducing the net emissions.
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would require a dramatic increase in productivity per hectdnereasing livestock

productivity could free up large quantities of pasture. This option is technically
possible since Brazil 6s Iwiandeesidiingdekdlotsandd uct i v
crop-livestock systems could be scaled up; use of more intensive production systems

could trigger higher economic returns and a net gain for the sector economy (chapter 7).

The potential to release and recover degraded pastutie enough to accommodate

the most ambitious growth scenario

21. The combination of reducing pasture area and protecting forests can
lead to a sharp decline in deforestation emissionsThis was demonstrated in 2004,
when new foresprotection efforts combined with a slight contraction in the livestock
sector and resultant pasture afeked to a 6@percent reduction in deforestation (from
27,000 kmto 11,200 km. Such a rapid reduction resulted from deforestation and
its associated emissions beingelated to the marginal expansion of land for
agriculture and livestock activities! without which there would be no need to
convert additional native vegetation and incidentally generate GHG emissions. If
the effort to reduce pasture area and protect forests were neglected, emissions from
deforestation would resume immediately.To protect against illegal cuts, the forest
should be further protected against fraudulent interests The Brazilian government
has made considerable efforts in this area, particularly under the 2004 Plan of Action for
the Prevention and Control of Deforestatinrthe Legal Amazon (PPCDAM).

22. Model-based projections indicate that, under the new landise
dynamic, deforestation would be reduced by more than twthirds (68 percent) in
203Q compared tgrojectedlevels in the reference scenario; in the Atlanticdst, the
reduction would be about 90 percent, while the Amazon region and Cerrado would see
reductions of 68 percent and 64 percent, respectivllgcordingly, in 2030, annual
emissions from deforestation would be reduced nearly 63 percent (from abou8®
Mt CO, to 190 Mt CO,) compared to the projected reference scenario.ln the
Amazon, the level of deforestation would fall quickly to about 17 percent of the
historic annual average of 19,500 kfmobservedn the recent past, thus complying
With71t2he PNMC goal of reducing deforestation in the Amazon region by 72% by
2017~

23. The study also proposed ways to reduce direct emissions from
agricultural production and livestock activities. For agriculture, the study
proposed an accelerated dissemination afero-tillage cultivation. Compared to
conventional farming systems, zdillage involves far fewer operations and can thus
reduce emissions caused by altering soil carbon stock and using equipment powered by
fossil fuels. Done effectively, zettdlage cultivation can help control soil temperature,
improve solil structure, increase soil waséorage capacity, reduce soil loss, and enhance
the nutrient retention of plants. For these reasons, expansion 4illagm cultivation is

12 The 200507 period witnessed the first dewi in herd size (from 207 million to 201 million head),
following a decaddong increase, together with a slight contraction in pasture area (from 210 million to
207 million ha).

1 Unlike other sectors, whose enetiggsed emissions are usually proporticoahefull sizeof the sector
activity, emissions from deforestation are related only to nfaginal expansion of agriculture and
livestock activities.

12 Over the 19962995 period, the historical rate of deforestation in the Amazon region was 1@ mil
ha per year, according to the PNMC.
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accelerated in the lowarbon scenario, reaching 100 percent by 2015 and delivering 356
Mt CO.e of avoided emissions over the 2020 period.

24. To lower direct emissions from beetattle farming, the study
proposed shifting to more intensive meaproduction systems as menbned above.

It also proposed genetigmprovement options to reduce CH, including improved
forage for herbivores and genetically superior bullswhich have a shorter life cycle.
The study projects that the combination of improved forage and bulls, alihg
increased productivity, would reduce direct livestock emissions from 272 to 240 Mt CO
per year by 2030; that is, maintain them close to the 2008 .

25. The study also explored two major carbon uptake options: (i)
recovery of native forests and (ii) poduction forests for the iron and steel industry.

For forest recovery, the lowarbon scenario considered compliance with legal actions
for mandatory reconstitution, in accordance with the laws of riparian forests and legal
reserves? In this sense, thelowar bon scenario engendered
these defined areas for reforestation, the study modeled their potential for CO
removal'* Results showed that the Legal Scenario has a high cariieke potential: a
cumulative total of 2.9 Gt Cge over the 2ear period or about 140 Mt GO per year

on average. For production forests, the reference scenario assumed that the-thermo
reduction process would be based on coke (66 percentrenewable plant charcoal

(24 perceat), and renewable plant charcoal (10 percent). Theckmvon scenario
assumed total substitution of noenewable plant charcoal by 2017 and use of renewable
plant charcoal for up to 46 percent of total production of iron and steel ballast by 2030;
thevolume of sequestered emissions would total 377 Mt BQ030, 62 Mt CQ@Q more

than in the reference scenario.

A New Dynamic for Land Use

26. Building a low-carbon scenario for land use involves more than
adding emissions reductions associated with mitigi@n opportunities; it must also

avoid the potential for carbon leakage. For example, increasing forest recovery leads

to carbon uptake, but it also reduces the land area otherwise available for expanding
agriculture and livestock activities. This, iniucould provoke an excess in demand for
land use, which could generate deforestation, inducing a lower net balance of carbon
uptake. To avoid a carbon leakage, ways must be found to reduce the global land
demand for other activities, while maintainimggtsame level of products supply found in

the reference scenario.

27. In the low-carbon scenario, the amount of additional land required

for emissions mitigation and carbon uptake totals more than 53 million haOf that
amount, more than 44 million &aover twice the land expansion projected under the
reference scenaidois for forest recovery. Together with the additional land required
under the reference scenario, the total volume of additional land required is more than 70
million ha, more than twicene total amount of land planted with soybean (21.3 million

13 1n areas with optimal conditions, forest recovery can remove 100 tC per ha on average in the Amazon
Region. (Saatchi, 2007). In the reference scenario, its contribution is limited in terms of quantity.

4 The stug model used meteorological and climatic variables (e.g., rainfall, dry season, and temperature)
and edaphic (soil and topography) variables to estimate potential biomass.

151f the carbon uptake from the natural regrowth of degraded forests were wuweih then the potential
uptake would increase by 112MtCO2 per year on average.
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ha) and sugar cane (8.2 million ha) in 2008 or more than twice the area of soybean
projected for 2030 in the reference scenario (30.6 million ha) (table 1).

Table 1: Summary of Additional Land Needs in the
Reference and Low-carbon Scenarios

Scenario Additional land needed (20080)
RETEIERED SEEETIEE e ier] Expansion of agriculture and livestock production t
volume of land required for the P gricult : s [phele e el 1o
. . ) meet the needs anticipated in 2030:
expansion of agriculture and livestock A4 16.8 million ha
activities )
Low-carbon scenario:additional Elimination of nonrenewable charcoal in 2017 and tH
volume of land required for participation of 46% of renewable planted charcoal {
mitigation measures iron andsteel production in 2030:
A 2.7 million ha
Expansion of sugar cane to increase gasoline
substitution with ethanol to 80% in the domestic
market and supply 10% of estimated global demang
achieve an average worldwide gasoline mixture of 2
ethanol by2030:
A 6.4 million ha
Restoration of the envi
reserveso of forests, c
2030.
A 44.3 million ha
Total 70.4 million additional hectares
28. To increase livestock productivity to the levelneeded to release the

required volume of pasture, the lowcarbon scenario considered three optiong(i)
promote recovery of degraded pasture, (ii) stimulate the adoption of productive systems
with feedlots for finishing, and (iii) encourage the adoptiorcroip-livestock systers.

The increased carrying capacity that results freoovery of degraded areas, combined
with more intensive integrated crdipestock systems and feedlots for finishing are
reflected in an accentuated reduction in demand for lanogected at about 138 million

ha in the lowcarbon scenario, versus 207 million ha in the reference scenario, for the
year 2030. The difference would be enough to absorb the demand for additional land
associated with both expanded agriculture and lie&stactivities in the reference
scenario and expanded mitigation and carbon uptake in theddwon scenario.

Energy: Sustaining a Green Energy Matrix

29. The i ntensity of GHG emi ssi ons i n
comparatively low by international standards, owing to the significant role of

renewable energy in the national energy matrix. Renewable energy accounts for
nearly half of Br azd modesthardtioregeastdrs otit peovided gy S U
by hydroelectricity (MME 2007). In 2005,thecoury 6 s ener gy sector acc
1.2 percent of to, hok fossiHuel endsSiens, 2orresp@ridingGadan

annual average per capita of 1.77 tC€gnificantly less than annual global (4.22 #£O

and OECDcountry (11.02 tC¢) percapita aveages (IEA 2007). In 2010, emissions

from energy production and consumption, excluding transport, represented about one

fifth of national emissions.
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Reference Scenario: 97-percent Increase in Emissions

30. The PNE 2030, on which the sector reference swwio is based,
reflects recent sector policies andbasic market tendencies and features, including
the dynamics of incorporating technology and the evolution of supply and
demand™. The view toward longerm technical and economic consistency renders the
PNE 2030 an important tool for creating the enesggtor reference scenario; however,

for circumstanti al reasons, (i . e. adverse F
thermoelectric power in recent years was anticipated by the PNE 2030s Wete to
continue over a |l onger ter m, the Brazilian
greater than that projected by the MME in 2007. If hydroelectricity proves substantially

less than predicted, the reference scenario considered in this studg wove

conservative.

31. Although the PNE 2030 assumes greater use of renewable energy
sources over the 200 study period, Brazil 6s energy

higher emissions over time under the reference scenarioFor 2030, the projected
emissons figure, excluding fuels for transport, is just over 458 Mb,G€presenting a
97-percent increase or more than daarth of national emissions. Cumulative sector
emissions are estimated at 7.6 Gt,@@er the 26year period.

Low-carbon Mitigation Potential: Less Than 20 Percent

32. To develop the lowcarbon scenario, the study analyzed mitigation
options for energy efficiency and fuel switching in industry, refining and gaso-

liquid (GTL), wind -energy generation and bagasse cogeneration, and high
efficiency appliances!’” Si nce most of Br azi-hydrepowarai n r
potential will have been fully exploited by 2030 (PNE 2030), the study assumed no
further opportunities to significantly reduce emissions via hydropower expansion beyond
what wa established in the reference scenario. Beyond options to reduce domestic
emissions, the study considered two opportunities to reduce emissions abroad: {i) hydro
complementarity (to reduce G@missions of energy sectors in Brazil and Venezuela)
and (ii) largescale ethanol exports (to reduce fo$sédl emissions of transport sectors
worldwide).

33. Over the 201030 period, cumulative emissions reductions would
amount to 1.8 Gt CGQ or less than 25 percent of cumulative emissions of the sector

in the reference scenarid?® If all of the proposed lovzarbon mitigation options were
implemented, annual energgctor emissions would be reduced by 35 percent in the year
2030° Not surprisingly, the industrial sector, which still relies heavily on fossil fuels

18 The reference scenario adopted in this study, the PNE2030, differs from the emissions projections for
the energy sector officially announced by the Brazilian Governmeg0@® along with the voluntary
commitment to reduce emissions, which are reflected in law Law 12.187. The difference between the
reference scenario defined in this study and the one established by the Brazilian government on the basis of
past trends reflestthe positive impact on emission reductions of the policies already adopted in the
PNE2030.

" To avoid double counting, this study considered emissions reductions from vehicular fuel switching as
transportsector emissions reduction.

BExcluding 667 Mt CQ@of avoided emissions from ethanol exports and 28 Mj f&@n the transmission

line between Venezuela and Brazil.

9In 2030, annual emissions would be reduced from 458 to 297 M{ex€udingtransport) or from 735

to 480 Mt CQ (including transport);tht i s, an annual reduction similar
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would account for 75 percent of 2030 reductions (68 Mt @&r year), followed by
renewable charcoal for the steel industry (31 percent) and biomass cogeneration (9
percent). Even so, energysector emissions under the lovearbon scenario would
remain about 28 percent higher in 2030 than in 2008.

Scaled-up Ethanol Exports: One-third Increase in Mitigation Potential

3. Brazil 6s s uethand offersvant opportorityo to reduce global
emissions by increasing ethanol exports.It terms of emissions, social costs, and
economic production costs, ethanol from sugar in Brazil is superior to alternatives in
others countries, reflecting a significant comparative advantage to serve the growing
international demand for lowarbon vehile fuels. Reducing or eliminating the high
trade barriers and enormous subsidies currently in place in many countries would
produce economic benefits for both Brazil and its trade partners, and reduce GHG
emissions. While the size of such exports deperd counterfactual assumptions, this
study adopted a target of 70 billion liters by 203%7 billion more than in the PNE 2030
reference scenario and slightly more than 2 percent of estimated global gasoline
consumption for that year (equal to 10 percértio-ethanol demand to reach an average
target of 20 percent ethanol blend in gasoline worldwide). This target corresponds to the
lower g)ound of a recent study on the feasibility of scaledethanol production for
export:

35. The added emissionseductions achieved via ethanol exports would reach 73

Mt CO, per year in 2030 and would amount to 667 Mt C@Qover the 201030 period

or about onethird of the total reduction in energy emissions. The additional ethanol
would require increasing the arelamted to sugar cane by 6.4 million ha in 2030 (from
12.7 to 19.1 million ha), still less than the current area planted to soybean (22.7 million
ha in 2006) and ontenth the current pasture area (210 million $ia)As explained
above, it is assumed thats long as the proposed goals for increasing livestaising
productivity are met, sugarane expansion would not result in deforestation, either
directly or indirectly through pasture expansion, and sugae production would not
occur on conservatidands.

Transport: Modal Shifts and Fuel Switching

36. B r a ztians@od sector has a lower carbon intensity compared to

that of other countries because of the widespread use of ethanol as a fuel for

vehicles. Still, the transport sector accounts formort han hal f of the ¢
fossitfuel consumption. In 2008, the sector emissions were about 149 Mg, CO
representing 12 percent of national emissions.

37. Urban transport accounts for about 51 percent of direct sector
emissions in 2008.The man causes are increased use of private cars, congestion, and
inefficient mass transport systemdhe study revealed that a modal shift to Bus
Rapid Transit (BRT) and Metro plus traffic management measures have a potential
to reduce urban emissions by about26 percent in 2030 however, policy,

20 NIPE/UNICAMP report for CGEE/MCT, Campinas, December 2007.

1 The measures proposed to reduce deforestation under theaiben scenario considered the added land
required for planting sugarane for ethanol export to avoid carbon leakage.
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coordination, and financing issues often p
more than 5,000 municipalities administer their own transit and transport systems,
making it difficult to mobilize resources whereeded. In addition, mass transport

systems are capitahtensive.

38. For regional transport, the study revealed a potential for reducing
emissions by about 9 percent in 2030 via modal shifts for both passenger and freight
transport. Simulations sbwed that expanding the higipeed passenger train between
Sédo Paulo and Rio de Janeiro, for example, can attract passengers from higher emitting
transport modes (e.g., planes, cars, and buses). For freight transport, shifting from road
to water and ral-based transport can reduce emissions significantly. Obstacles to
making the shift include inadequate infrastructure for efficientimedal transfer and

lack of coordination among public institutions.

39. Without bio-ethanol, which already contributes to the transport
sectorés | ow carbon intensity, 2030 transpc
more than in the reference scenario and more than twice as much as current

emissions. Because of the increase in flaels vehicles and fuel switchinfjom

gasoline to bieethanol, emissions from ligitluty vehicles are expected to stabilize over

the next 25 years, despite a projected rise in the number of kilometers traMjeleel

the low-carbon scenario, this fuel switch could be further increased &m 60 to 80

percent in 2030, thus delivering half of the emissions reductions in 2030 and more

than onethird of the total emissions reductions targeted for the transport sector

over the period (nearly 176 Mt CQ). The key challenge is to ensure that neanprice

signals are aligned with that objective. Because of volatile oil prices, an appropriate
financi al mechani sm would be needed to abs
attractiveness for vehicle owners.

40. Implementing the low-carbon scenario would mean reducing
increased emissions of the transport sector from almost 65percent to less than
17%(from 149 Mt CQ in 2008 to 174Mt C@instead of 245 Mt C@per year in 2030).
Total avoided emissions would amount to nearly 524M3 @@r the 2012030 period,

or about 35 Mt C@per year on average, roughly equivalent to the combined emissions
of Uruguay and El Salvador.

Waste Management: Leverage of Financial Resources

41. Br azi | émsanagement sector has a history of underinvestment
and little private-sector participation. This situation can be attributed, in part, to a
lack of longterm planning, insufficient allocated funds, and lack of incentives. Both
solid and liquid waste management face a high level of institutional complexity and
decentalization, making it more difficult to leverage the required financial resoukes.

of 2008, sector emissions were relatively limited, at 62 Mt G®, representing 4.7
percent of national emissions

42. In modern landfills, where fermentation is anaecplbnethane (CkJ is released

into the atmosphere; emissions increase as waste collection and disposal sites continue to
expand. Under the reference scenario, the Géherated is a powerful emd-pipe

GHG, which is not necessarily destroyedhe emissims are quickly boosted and

could increase more than 50 percent over the study period as ever greater numbers

of people begin to benefit from solid and liquid wasteollection services.But given
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that CH, can easily be destroyed, incentives created bgdhgon market under the lew

carbon scenario could encourage participation in projects designed to destroy landfill
gases. To meet the wastma nage ment sectordés challenges,
appropriate capacitation is developed in the municipalitvith respect to longgrm

planning and project development capabilities, expanded awareness of and capacity to

use the existing legal structure, regulations and procedures, and improving access to the
available financing resourcds. particular, intermunicipal and regional consortia should

be created to handle waste treatment, and ppblate partnerships (PPPs) should be
developed via concessions under kiegn contracts.

43. Implementing the low-carbon scenario would reduce annual sector
emissions by 80 percent(from 99 Mt CQe to 19 Mt CQe in 2030). Over the 20180
period, total avoided emissions would equal 1,317 Mt @Can average of 63 Mt GO
per year, comparable to the annual emissions of Paraguay.

Economic Analysis of Mitigation Options

44, To inform the Brazilian government and larger society of the economic
costs involved in shifting to a lowarbon development pathway, the study team
conducted an economic analysis to determine the financial conditions under which the
proposed ntigation and carbon uptake options might be implemented. The economic
analysis was also used to select the mitigation options that could be retained in a low
carbon scenarioTwo complementary levels of economic analysis were undertaken:

() a microecoromic assessment of the options considered from both social and
private-sector perspectives and (ii)) a macroeconomic assessment of the impacts of
these options either individually or collectively, on the national economy using an
input-output (FO) model.

45, The social approach provided a crossectoral comparison of the cost
effectiveness of the mitigation and carbon uptake options considered for the overall
society. For that purpose, a marginal abatement cost (MAC) was calculated for each
measure usin@ social discount rate of 8 percent. Results were sorted by increasing
value and plotted in a single graph, known as the marginal abatement cost curve
(MACC), which permits a quick reading of how the various measures compare in terms
of cost and volume dsHG emissions.

46. The private-sector approach explored the conditions under which the

proposed measures would become attractive to individual project developersit

corresponds to the same principle underlying thearaftrade approach adopted in the

Kyoto Protocol: providing additional revenues to economic agents who opt for earbon
intensive solutions that are less intensive than those in the baseline. This approach aims

at estimating the minimum economic incenéive h e  Aebvreena kc ar dthadh pr i ce
should be provided for the proposed mitigation measure to become attractive. This
approach is based on the expected rates of return from real economic agents in the
considered sectors, as observed by the major financing institutions consulted in Brazil.

47. Because the rates of return expected by the private sector are
generally higher than the social discount rate, the breakven carbon price is
usually higher than the MAC. In certain cases, the MAC is negative and the break
even carbon price is posiév(e.g., cogeneration from sugane, measures to prevent
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deforestation, fuel substitution with natural gas, electric lighting and motors or GTL),
which helps one to understand why a measure with a negative MAC is not automatically
implemented. Most migation and carbon uptake options presume an incentive to
become attractive, with the exception of energy efficiency measures.

48. The total volume of incentives needed over the study period would
amount to US$445 billion or US$21billion per year on average

49. The incentive for the measures proposed to avoid deforestation
related emissions is estimated at about US$34 billion over the periodquivalent to
US$1.6 billion per year and US$6 per tC@cluding forest protection costs of $24
billion over he period). For 80 percent of the mitigation and carbon uptake potential
under the lowcarbon scenard that is, more than 9 Gt GO the required level of
incentives is US$6 per tGO or less.

50. The economic incentive to be provided is not necessarily tugh the

sale of carbon credits. Other incentives, such as capital subsidies for-davibon
technologies, investment financing conditions, tax credits, regulations, or other
instruments can sometimes be more effective in making thedolaon option prefable

to project developers.

51. The macroeconomic effects of the mitigation options considered were
estimated individually and collectively,with the incremental impact of the legarbon
scenario calculated in comparison to the reference scenario usimgpla InputOutput

(10) modeling. While results should be viewed with caution, used only to suggest the
magnitude of the impact, the dkased simulation indicates thavestment under the
low-carbon scenariois not expected to negatively affect economgrowth. Rather,

both GDP and employment might improve slightly, owing to economwide
spillover from the low-carbon investment It is estimated that GDP could increase 0.5
percent per year on average over the 28Q(period, while employment could isase

an average of 1.13 percent annually over the same period.

52. Based on this twelevel economic analysis, the study selected the
mitigation and carbon uptake options retained for a lowcarbon scenario for Brazil

over the 201030 period. The criteria dopted were that the MAC, which represents the
social perspective usually adopted in government planning exercises, should not exceed
US$50, except for the options triggered more by large expectéeradits and their
positive macroeconomic impacts, whietould balance the higher MAC. This is
typically the case for most of the measures proposed by the transport and waste sectors.

A National Low-carbon Scenario

53. The low-carbon scenario constructed for Brazil under this study is an
aggregate of the lowcarbon scenarios developed for each of the four sectors
considered in this study. In each sector, the most significant opportunities to mitigate
and sequester GHGs were analyzed, while less promising or fully exploited options in
the reference scenario veenot further considered. In short, this national-tasbon
scenario is derived from a bottemp, technologydriven simulation for single subsectors
(e.g., energy conservation in the industry or landfill gas collection and destruction),
based on irdepth technical and economic assessments of feasible options in the
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Brazilian context, and sectégvel optimization for two of the four main sectors (land
use and transport).

54. This national low-carbon scenario has been built in a coordinated

way to ensurefull consistency among the four main sectors consideredTo ensure
transparency, the methods and results were presented and discussed on various occasions
with a range of government representatitfesBut this low-carbon scenario is not
presumed to have gplored all possible mitigation options or represent a preferred
recommended mix. This scenario, which simulates the combined result of all the
options retained under this study, should be considered moduléras a menu of
optionsd and not prescriptive, espeially since the political economy between
sectors or regions may differ significantly,making certain mitigation options that at

first appear more expensive easier to harvest than others that initially appear more
attractive economically.

55. This low-carbon scenario represents a 3percent reduction in gross

GHG emissions compared to the reference scenario over the 2080 period. The

total cumulative emissions reduction over the period amounts to more than 11.1 Gt
COee, equal to approximately ercent of the cumulative emissions observed under the
reference scenario. Projected gross emissions in 2030 are 40 percent lower under the
low-carbon scenario (1,023 Mt G© per year) compared to the reference scenario
(1,718Mt CQe per year) and 20 penat lower than in 2008 (1,288 Mt G®per year)

(table 2, figure 1). In addition, forest plantations and recovery of legal reserves will
sequestrate the equivalent of 16 percent of refersoeeario emissions in 2030 (213 Mt

COse per yeary".

Table 2: Comparison of Emissions Distribution among Sectors in the
Reference and Low-carbon Scenarios, 20087 30

56. The two areas where the proposed lowarbon scenario succeeds most

in reducing net emissions are reducing deforestation and increasing carbon uptake.

The main drivers are (i) reduction of total land area needed, via significant gains in
livestock productivity, to accommodate expanded agriculture and meat production and

(ii) restoration of legal forest reserves and production forests for producing tdaewa

charcoal for the steel industry. By 2017, the proposeecknvon scenario would reduce
deforestation by more than 80 percent compared to thei 2006 average, thereby
ensuring compliance with the Brazilian gove

Figure 1. GHG Mitigation Wedges in the Low-carbon Scenario, 20081 30

2 Three seminars were held over the past several years (Septermtér 28@; April 30, 2008; and

March 19, 2009) to present and discuss the study methodology, intermediate results, -findl meaults

with representatives of 10 ministries. Sectoral teams also interacted on various occasions with-technical
area and publiagency representatives.

2 |f the carbon uptake from the natural regrowth of degraded forests were to be included, then the potential
uptake would increase by 112MtCO2 per year on average, thus reducing the net emissions.

XXVili



1,800
1,700
1,600
1,500
1,400
1,300
1,200
1,100
1,000
900
800 A1
700 A
600 A
500 A1
400 A1
300 A1
200 A1
100 A
O T T T T T T T T T T T T T T T T T T T T T 1
9005005’0,090,;’0go,go,;’o,g’o,gogo,;’o 0505303

Referenc: Scenari
(Does not reflect Brazilii
historica GHG Emissior

Low Carbon Scena

57.

<

DD

Wind
= Sygarcane cogeneration
Energy Conservation Residential

(Elec)
= Energy Conservation

Commercial/Industrial (Elec)

. Refineries
Gas to liquid (GTL)

mmmmmm Energy Conservation i Industry (fossil
fuels)

mmmmmm Regional Transport

mmmmmm Urban Transport

= | andfill and wastewater treatment

methane destruction
= Reduction of deforestation and

livestock

Scaling up no tillage cropping
= Reforestation

Referéncia

----- Ethanol exports displacing gasoline

Estimated Level of Emissions in 2010

In the energy and transport sectors, it is more difficult to reduce

emissions since they are already low by international standardewing mainly to
hydroelectricity for power generation and bioethanol as aduiestitute for gasoline in

the current energy matri x.

As a result

increases more in the legarbon scenario than in the reference scenario.

Assessment of Financing Needs
58.

Implementing the low-carbon scenario options would require more

than twice the volume of financing needed for the alternatives in the reference
scenaria@d about US$725 billion in real terms versus US$336 billion over thei2010
30period. The pesector distribution idJS$344 billion for energy, $157 billion for
land use and landuse change, $141 billion for transport, and $84 billion for waste

management
59.

An average of US$20billion in added annual investment would be

required. This would represent less than 10 percent of thel&#hfabillion in national
investments in 2008 (at approximately 19 percent of €DBr less than half of the $42
billion in loan disbursements by the BNDES and -tinds of the US$30 billion in FDI

in Brazil during 2008. These requirements also compeagel |

with Brazil

Accelerated Growth Plan (PAC), which anticipated spending $504 billion iri 2007

60. To implement the reference and lowcarbon scenarios, both public

and private investments are necessaryUnder either scenario, the traospand waste
sectors require more privasector investments than today, while the energy sector
continues to benefit from significant public sector participation; potential implementation
of new rules or modification of existing ones may favor betterofisesources (such as
GTL). For the laneuse sector, reducing emissions from deforestation continues to
require publiesector intervention, albeit in the form of special funds, such as the
Amazon Fund, and legal enforcement; while increased livestodugtivity relies on

24 GDP of $1.573 trillion per the ClAe World Factbook
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better access to both publiand privatesector financing. Similarly, restoration of
forests via compliance with the Legal Reserve Law requires psititor enforcement
and potentially greater privasector participation.

61. To mobilize the private investment, incentives would be required to

turn the low carbon options attractive when compared with more conventional
options. Transport mitigation options would require the greatest amount of average
annual incentives at approximatél9 billion, followed by energy at $7 billion, waste at
$3 billion and LULUCF at $2.2 billion. However, most of energy efficiency measures
would not require incentives.

62. Few of Brazil 0s many economic fine
instruments currently in place target climate changeérelated activities. Non-climate
financing mechanisms might be applicable to -lwavbon options, as they would to
referencescenario alternatives. However, their availability, reach, configuration, and
scale may be limited, espally when applied to unconventional alternatives. Although
the overall costs may not appear exorbitant for implementing adolbon development
scenario, the available resources for implementing mitigation activities at the site
specific level may not bas easily identifiable or sufficient, or financing mechanisms
may not be appropriately defined for such optionsThus, specific financing
instruments and new sources that promote implementation of the proposed
mitigation activities would be required.

Meeting the Challenge of the Low-carbon Scenario

63. Implementing the proposed lowcarbon scenario requires tackling a
variety of challenges in each of the four areas considered’he combined strategy of
releasing pasture and protecting forests to reducerastftion to 83 percent of
historically observed levels involves five major challengesst, productive livestock
systems are far more capitaintensive, both at the investment stage and in terms of
working capital. Having farmers shift to these syste would require offering them a
large volume of attractive financing far beyond current lending levels. Thus, a large
volume of financial incentives, along with more flexible lending criteria, would be
needed to make such financing viable for both fasnagrd the banking system. A first
attempt to estimate the volume of incentives required indicates an order of magnitude of
US$1.6 billion per year, or US$34 billion during the per@&tond, these systems
require higher gqualifications than traditional extensive farming which is used to
move on to new areas as soon as pasture productivity has degraded, eventually
converting more native vegetation into pasture. Therefore, the financing effort should be
accompanied by intensive development of extensioncasv

64. A third challenge is preventing a rebound effect The higher
profitability of needing less land to produce the same volume of meat might trigger an
incentive to produce more meat and eventually convert more native forest into pasture.
Such a risk is especially high in areas where new roads have beeedopr paved.
Therefore, the incentive provided should be selective, especially in the Amazon region.
It should be given only when it is clearly established, based on valid angfgeenced

land ownership title, that the project will include neithenwersion of native vegetation

nor areas converted in recent years (e.g., less than 5 years).
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65. Fourth, several attractive options in the lowcarbon scenario to
mitigate emissions or increase carbon uptake amplify the requirement of freeing up
pastureto prevent carbon leakage.For example, while replanting the forest to comply
with the Legal Reserve Law would remove a large amount of carbon dioxidég ffG@

the atmosphere, this area would no longer be available for other activities. The
equivalentadditional amount of pasture would need to be freed up; otherwise, a portion
of production would have to be reduced or more native forest would eventually be
destroyed elsewhere. A more flexible legal obligation regarding forest reserves
would make the gal of accommodating all agriculture, livestock and forestry
activities without deforestation less difficult, but it might also mean less carbon
uptake.

66. For urban transport, the major challenge is not technological,

although some efficiency gains castill result from technology innovations. Mass

transport technologies, nanotorized transport options, and demand management
measures are all available and roested. Rather, the main challenge centers on a

lack of financing and need for more institutonal coordination. For exampl e, Br a
more than 5,000 municipalities independently administer their transit and transport
systems, making it difficult to harmonize nationwide plans and policies. In addition,

mass transport systems in urban areas cagtatintensive, which prevents many
municipalities from implementing them. One way to overcome the limited investment
capacity of the public sector is to promote PPPs.

67. For regional transport, meeting the freight transport targets under

the low-carbon scenario requires better integration and partnerships among rail
concessionaires and between concessionaires and government, including regulatory
authorities. The various transport modes are generally operated privately; thus, their
efficient integrabn requires new infrastructure and terminals, calling for more
coordination of and support from public authorities. Regarding the Amazon region, the
opening of new roads in Amazon forests can lead to increased deforestation and thus
emissions. For polies involving intermodatransfer projects to succeed and mitigate
negative impacts, there must be adequate planning, appropriate allocation of resources,
as well as measures to facilitate the financing of the large investments required to build
and adapthe needed infrastructure.

68. Regarding further substitution of gasoline by bieethanol, the key

challenge is how to ensure that market price signals are aligned with this objective.

Most new cars produced in Brazil are filsel vehicles, which, bdefinition, can switch

continuously from gasoline to ethanol and wessa. Market price signals are key
determinants of ethanol éds high mar ket share
a financial mechanism would need to be designed and mneylied to absorb price

shocks and maintain the attractiveness of ethanol for vehicle owners.

69. For the energy sector, the main challenges to emissions mitigation

involve not only implementation of the measures proposed in the leearbon

scenario; certain assumptions that underpin the reference scenario also require

significant efforts. Inthelowc ar bon scenari o, the energy se
results, in large part, from the already low carbon intensity of the reference scenario for

that secta The PNE 2030 projects that hydroelectricity will represent more than 70
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percent of power generation in 2030, which implies increasing hydropower generation
capacity at a pace not yet observed.

70. The participation of hydro-energy at new energy auctins has been
limited by the environmental licensing process.As a result, the participation of fuel

oil, diesel, and even ccebbsed power plants, which often face less difficulty in
obtaining environmental licenses, has increased. Measures to impeoekidiency of

the environmental licensing process for hydropower generation could include (i)
ensuring that the design of electrieggctor plans, programs, and policies take social and
environmental factors into account, along with economic, finanaatl technical
factors; (if) promoting and establishing mechanisms to resolve disputes among players in
the licensing process; (iii) preparing an operations guide, which defines the approaches
used during the process; and (iv) building technical capacity @pgrading and
diversifying the professional skills of environmental agentles.

71. Harnessing the mitigation potential of energy efficiency under the
low-carbon scenario requires fully exploring the options offered by the existing
framework. Progress, albeit slow, has been made in implementing the energy efficiency
law, and several available mechanisms promoting energy efficiency address the needs of
all consumer groups (e.g., PROCEL, CONPET, and EPE planned auctions). These
initiatives offer the possibility of creating a sustainable enerffigciency market. Key
problems to address are: (i) price distortions that introduce disincentives for energy
conservation and (ii) separation of the enegfficiency efforts of power and edndgas
institutions.  Better institutional coordination might be achieved via a committee
responsible for the development of both programs.

72. For bagasse cogeneration and wind energy, the main barrier to
implementation is the cost of interconnecting with thesametimes distant or
capacity-constrained subtransmissiongrid. If this cost continues to be fully borne by
the respective sugar mills and wifatm developers, the contribution of cogeneration
and wind energy will likely remain low, resulting in the endfymore fossil fudlbased
alternatives. The key question is how to finance the required grid. An ambitious smart
grid development program would help to optimize the exploration of this promising but
distributed lowcarbon generation potential.

73. With regard to the waste sectohoth solid and liquid waste
management face a high level of institutional complexity and decentralization,
making it more difficult to leverage the large amount of required financial
resources. Scaling up appropriate collectiptreatment and disposal, together with
emissions avoidance, would require more Hmbemicipal coordination, clear
regulationsand PPPs, along with a continuation of cabased incentives to destroy or
use landfill gas.

Final Remarks

74. Brazil harborslarge opportunities for GHG emissions mitigation and
carbon uptake.. This positions the country as one of the key players to tackle the
challenge posed by global climate change. This study has demonstrated that a series of

®See AEnvironment al Licensing for Hydroel ectric Prc
Summary Report. World Bank Country Management Unit, March 28, 2008.
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mitigation and carbon uptake amires are technically feasible and that promising efforts
are already under wayYet implementing these proposed measures would require
large volumes of investment and incentives, which may exceed a strictly national
response and require international fhancial support. Moreover, for Brazil to
harvest the full range of opportunities to mitigate GHG emissions, market
mechanisms would not be sufficient. Public policies and planning would be pivotal,
with management of land competition and forest protectio at the center.
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Chapter 1

Introduction

1.1 The urgent need to combat global climate change has been firmly established.
An overwhelming body of scientific evidence, including the Fourth Assessment Report
of the Intergovernmental Panel on Climate Change (IPCC 2007) and a recent review on
the economics of climate change led by Nicholas Stern (Stern 2007), underscore the
severe risks to the natural world and global economy. According to Stern, how we
decide to live wer the next 2030 year® how we treat forests, generate and use energy,
and organize transp@rtwill determine whether the risks of global climate change can
remain manageable (Stern 2009).

1.1 Managing Risk: Target Levels

1.2  Failure to hold greenhougms (GHG) concentrations below certain levels would
carry great risk to our planet. Recent studies have put forward various target levels, all
of which would need emissions to peak soon. The IPCC (2007) concluded that
stabilizing GHG concentrations at®particles per million (ppnd) the level at which it

may be possible to hold the rise in global mean temperature under 3°C abeve pre
industrial level&®s would require concentrations to peak not later than 2030 and then
fall drastically by 2050; in this scena, the IPCC estimates global emissions would
need to be reduced to about 29 Gt,EBy 2030.

1.3  Another recent study, conducted by the United Nations Framework Convention
on Climate Change (UNFCCC), proje@missionsto 61.5 Gt CQ@e by 2030. In this
scenario, annual emissions from Annex | (industrialized) countries would grow from 21
Gt COe to just 22.1 Gt C@ by 203C¢" while the bulk of global emissiods50i 70
percent of the emissiomsitigation potentiad would come from no#nnex |
(developing) cantries. Despite the range of uncertainty, it is clear that developing
countries have a vital role to play in shaping international policies and actions to cut
emissions to the required scale.

1.2 The Brazilian Context: Key Role of Forests and Other Sectors

1.4  Without Brazil playing a prominent role, it is difficult to imagine an effective

solution to stabilizing GHG concentrations to the required scale. The Amazon rainforest,

which covers more than half the country, is a reservoir of about 100nbttins of

carbon, sequestering more than 10 times the amount of carbon emitted globally each
year . Gi ven Br az b keéond ohly to ghese of dndomesit sd ar e a s
perhaps not surprising to discovaeestatibnhat mo s
come from these two countries.

% Or about 2.5°C above the level of the early 2000s.
" Details are aailable at http://unfccc.int/ghg_data/ghg_data_unfccc/time_series_annex_i/items/3814.php



1.5 At the same timeBrazil is likely to suffer from the adverse effects of climate
change. Some advanced models suggest thath of the eastern part of the Brazilian
Amazon region could be converted into aaaahlike ecosystem before the end of this
century. This phenomenon, known as the Amazon dieback, combined with the-shorter
term effects of deforestation by fires, could reduce rainfall in the Cahteat and
Northeast regions, resulting in smaller crgmelds and less water available for
hydropowerbased electricity®

16 As the worldébés | argest tropical country
profile. In prior decades, the availability of large volume of land suitable for cultivating

crops andpasture helped to transform agriculture and livestock into key sectors for
sustaining the countryds economic growth.
accounted for an average of 25 percent of national GDP. The steady expansion of crop
lands &ad pasture has also required the conversion of more native land, makingsé&and
change the countryés main source of GHG emi
used the abundant natural resources of its large territory to explore and develop
renewdle energy, having built numerous large hydropower plants and scaled-up bio
ethanol production as a gasoline substitute, which, in turn, account for the low carbon
intensity of its energy matrix.

1.7  Apart from land use, landse change, and forestry (LUGOF), Brazil accounts

for only 2.3 percent of global GHG emissions; batil a few years agdhat percentage

used torise another 3 percent whewnsideringLULUCF.?® Indeed, the LULUCF

sector is pivotal, accounting for about tvoh i r ds o f B r,eaemisdiodss gr 0S|
(2008), twathirds of that amount represented by deforestation alone. By contrast,
Brazil 6s e ner-gapita sadbantintensitylofeoslyAeCOper yead about

half the global average and less than-bitle the average for OECD countries. Were it

not for Brazilds previous | arge investment
energy matrix would be far more carbon intensive, witlsyomeably twice the amount of
energysector emissions and national emissions 17 percent higher.

18 Four sectors are key contributors to Br
important is LULUCF, which covers the forestry dimensions described above. In
addition, there are three other major emitting sectors: (i) energy, (ii) transport, and (iii)

waste management. In 2008, the respective emissions contributions of these three
sectors were 18, 14, and 5 percent.in Whil e
2008, it has increased more than 60 percent over the past two decades.

1.3 A National Commitment To Combat Climate Change

19 Climate change has | ong been a vital p a
1992, Brazil hosted the United Nations Coefeze on Environment and Development,

known as the Rio Earth Summit, which resulted in an agreement on the UNFCCC and, in

turn, theKyoto Protocol Since then, Brazil has playad active role in the international

dialogue on climate change. In 2007, the Brazilian government created the Secretariat

for Climate Change within its Ministry of Environment. The following year, President

®HAAssessment of the Risk of Amazon Dieback, o World E
29 Aligning the methods used for carbon removal accounting in Brazil with those of other countries may
affect these percentages.
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Luiz Inécio Lula da Silva launched the Natiolan on Climate Change (PNM&),
which put the issue at the forefront of the national age@daDecember 29, 2009 the
Brazilian Parliament adopted Law 12.187, which institutes the National Climate Change
Policy of Brazil and set a voluntary national grieease gas reduction target of between
36.1% and 38.9% of projected emissions by 2020.

1.10 Like other developing countries, Brazil faces the dual challenge of encouraging
development while reducing GHG emissions. President Lula echoed this concern in his
introduction to the PNMC, stating that actions to avoid future GHG emissions should not
adversely affect the development rights of the poor, who have done nothing to generate
the problem. Recognizing the need for a-lcavbon pathway to growth, Brazil fia
chosen to benefit from the Clean Development Mechanism (CDM), an innovative
financial mechanism, originally proposed by Brazil, which is defined in Article 12 of the
Kyoto Protocof’ To date, Brazil has initiated more than 300 projects under the CDM.

1.4  Study Objective and Approach

111 To support Brazilds integrated ef-fort
term economic development, this study aimed to build a transparent and internally
consistent lowcarbon scenario that the Brazilian governmeould use as a tool to
assess the inputs required to forge a-tarbon pathway to growtH.

1.4.1 Method Overview

1.12 The study team analyzed opportunities in each of the four sectors identified (table
1.1). The team constructed the reference scemartbe year 2030 based on current
projections and available modeling exercises for each of the sectors. For the energy and
transport sectors, the team built on existing e national and citywide plaris.
Because no similar plans were available foe LULUCF and wastenanagement
sectors, new models and sets of equations were developed, consistent with the
macroeconomic and demographic projections of the energy and transport sectors to the
year 203G For the LULUCF sector, the team used two complementary models: (i)
Brazil Land Use Model (BLUM), an econometric model to project future land use for
crops, developed by the Institute for International Trade Negotiations (ICONE) and (ii)
SIM Brazil, a geceferenced spatialization model to allocate land use to specific sites and
years, developed by the Remote Sensing Center (CSR) of the Federal University of

% The PNMC is based on work of the Interministerial Committee on Climate Change and its Executive
Group, in collaboration with the Brazilian Forum on Climate Change and civil society organizations.

31 The CDM allows nomnnex | courtries to host project activities that reduce GHG emissions. These
emission reductions can be certified and acquired by Annex | countries to comply with their emissions
reduction commitments under the Kyoto Protocol.

32 This study is one of five country sa studies that contributed to the preparation of the Clean Energy
Investment Framework (CEIF).

3 For the energy sector, the team built on the 2030 National Energy Plan developed by the Energy
Planning Company (EPE), a public institution attached to thesity of Mines and Energy (MME). For

the transport sector, the team built on the Government Accelerated Growth Plan (PAC), the National
Logistics and Transport Plan (PNLT), and urban logistic and transport plans developed by key cities.

3 For deforestatin-related emissions, the team built on modeling exercises of the SimAmazonia system,
calibrated on historical satellite data (Soares et al. 2006), and extended this modeling to the Cerrado and
Mata Atlantica biomes. For livestock and ciffapming emissias, the team worked with the Brazilian
Agricultural Research Corporation (EMBRAPA), a public institution that has worked extensively on
livestock and landise emissions.



Minas Gerais (UFMG). For the wagteanagement sector, the team worked with the S&o
Paulo State Wast Management Agency (CETESB) to develop sets of equations for
modeling disposal.



Table 1.1: Summary of Study Method, by Sector

2 NA R

Step LULUCF Energy Transport Waste
1. Build the Project land use and land | Project energy demand | Project regional and urban Project waste and effluent
reference usechange (consistent with| (consistent with demand | transport demands, transport| production, carbon content ang
scenario projected liquid and solid | from other sectors) (usin¢ modes shares for regional an| methane (Cl) potential, waste
biofuels) (develop MAED projections); urban transport (using and effluent disposal mix, and
geospatially explicit, land | optimized energysupply | TRANSCAD modeling), fuel | emissions.
use modeling), deforestatio] mix (using MESSAGE mix for transport modes, and
(adapt existing modeling), | projections); and emissons (using adaptatition
and emissions. emissions. of COPERT modeling).
2. Explore Analyze options to reduce | Analyze options to Analyze options to improve | Analyze options to reduce was
mitigation and | deforestation pressure and| manage demand and regional transport efficiency | and effluent production and
carbon uptake | protect forests, mitigate reduce carbon intensity g and scale up lowearbon scale up collection and low
options emissions from agriculture | supgy; conduct an interurban modes; improve | carbon disposal modes; condu
and livestock, and sequesty economic analysis urban transport efficiency and an economic analysis
carbon; conduct an (abatement cost) of the | scale up lowcarbon urban (abatement cost) of the
economic (abatement cost)| proposed options. modes; and switcto biofuels. | propod options.
analysis of the proposed Conduct an economic analys
options. (abatement cost) of the
proposed options.
3. Assess the | Identify barriers that limit or| Identify barriers that limit| Identify barriers that limit Identify barriers that limit
feasibility of prevent implementation of | implementation of the implementation of regional implementation of waste and
the options the options analyzed, energydemand and urban transport efficiency effluent production reduction
identified environmental and management and and lowcarbon modes, and lowcarbon waste and
economic cebenefits, and | emissionamitigation environmental and economic| effluents disposal modes,
measures to overcome the| options analyzed, co-benefits, and measures to| environmental anéconomic
barriers. environmental and overcome the barriers. co-benefits, and measures to
economic cebenefits, and overcome the barriers.
measures to overcome t|
barriers.
4. Build the Project new land use and | Revise energy demand | Project new transport demanq Project new waste and effluent]
low-carbon land-use changes (including (including new fuel mix | (consistent with new land use production, new carbon conten
scenario added land needed for from transport); define new malal distribution for and CH potential, new waste
mitigation and carbon new and internally regional and urban transport,| and effluents disposahode
uptake options), estimate | consistent, lowcarbon new fuel mix, and reduced mix, and reduced emissions.
reduced deforestation, and| energy mix for energy emissions.
project reluced emissions. | supply; and project
reduced emissions.




1.13 The study team then explored mitigation and carbon uptake options. For each

sector, relevant subsectors were screened to identify the main technical options for
reducing GHGs to 2030; it ranked these options for incremental costs and compared

them with the refereneecenari o opti ons. The team ada
developed by Pataand Socolow (2004), which scales up a single area or technology to

achieve significant reductions in GHG emissions that can be deducted from the reference
scenario. Because of the systemic nature of emissions in the LUBdERransport

sectos, the tem found that a pure wedge approach was not appropriate and developed a
specificmodeling approach. Forthe LULUCFs ect or, the team analyz
potential for large carbon removal and avoidance of GHG emissions in other countries

via scaleeup ethanol exports.

1.14 To determine the feasibility of the mitigation and carbon uptake options
identified, the study team assessed the added costs faced by technical options in the low
carbon scenario and compared them to those in the reference scémarlow-carbon

options that were more cesffective in theory, the team identified the major barriers
preventing their adoption and proposed measures to overcome them. Since many of the
proposed options were either not eeffective or would face finaing difficulties, the

team assessed the volume of support required to ensure their funding or competitiveness.

1.15 The final step was to build the legarbon scenario aggregated from the
diversified findings of the sectors and subsectors. To ensusistancy of mitigation

and carbon uptake estimates, including avoidance of conflict or double counting, the
study team built an indicative lewarbon scenario: The scenario developed is not a
projection of Brazil 6s f ul ItprgBeHd3o captured®i ons i
percent of all sources of GHG emissidhsIndeed, to the extent possible, the team
developed and used modeling tools to allow for building otherdasson scenarios in a
modular mannet’ In addition to analyzing the potentiaktieoffs that such a low
carbon scenario may incur in terms of setteel sustainability, the team investigated
the potential macroeconomic impacts of shifting from the reference scenario to the low
carbon one (table 1.1).

1.4.2 A Consultative and lterative Process

1.16 The study emphasized two important dimensions. First, to the extent possible, it
relied on existing literature and studies so as to effectively leverage the wealth of
existing information. Second, the process emphasized a consultztiggéye approach

that involved extensive discussions and ¢amettake with experts in the field and
Brazilian government representatives (Annex B). The team conducted an extensive
literature survey and, through a broad consultative process, met with threom 70

% Possible feedback effects of climate change impacts on mitigation and carboralrempertunities

could not be integrated in the modeling at this stage.

% For example, industrial sources of nitrous oxideQ@N hydroflourocarbons (HFCs), perflourocarbons
(PFCs), sulfur hexaflouride (9F and other noiKyoto GHG gases are not accounfed here. In the
absence of a recent complete inventory, it is not possible to determine precisely the share of other sources
in the national GHG balance. However, based on the first Brazil National Communication (1994), it is
expected that they wouldhexceed 5 percent of total Kyoto GHG emissions.

37 Given the many possible combinations and that removal of certain barriers, particularly those related to
incremental costs and financing, may or may not be possible, thicddwn scenario should be
corsidered as one among others that could also be simulated.



recognized Brazilian experts, technicians, and government representatives. The
consul tative process, combined with the Wor
institutions, enabled the team to build partnerships with centers of excel®ocmized

for their national and international expertise in these sectors.

1.5 Structure of This Report

1.17 Chapters 2 through 6 describe the study results for the four sectors analyzed.
Results for the LULUCF sector are divided into two chapters: @hdptpresents the
referencescenario results, while chapter 3 describes thedasson scenario. Chapters 4
through 6 describe the reference and-taxbon scenarios for the energy, transport, and
waste sectors, respectively; while chapter 7 providesett@omic analysis for the
various mitigation and carbon uptake options used to build them. Chapter 8 presents the
national reference scenario and proposeddavbon scenario, based on the aggregate
results from the four sectorsAn annex of maps and alectronic database detail the
results of the study by stat€hapter 9 then assesses the financing needs of the proposed
low-carbon scenario.  Finally, chapter 10 outlines the main challenges to its
implementation.



Chapter 2

Land Use, Land-use Change, and Forestry:
Reference Scenario

21 Brazil s forests represent an enormous ¢
about 47 billion tons of carbd% permanently sequesters more than 5 times the amount
emitted globally each year. At the same time2i6 0 O , Brazil was the w

largest emitter of carbon dioxide (@Q@esulting from deforestatiénoften driven by the
need to convert land for agricultural production and livestock p&&ture

2.2 Not surprisingly,the land use, landse change, anfbrestry (LULUCF) sector
accounts for more than tatoh i r ds of B neaemisdiolss of this anmownt, C O
approximately twethirds results from deforestation, with the remainder frgnicaltural
production and livestock activities. Conversion of &rand to other land uses results

in GHG emissions from soilswhile the digestive process of ruminants results in
methane (Cl) emissions. A key sectahallenge is identifying opportunities to curb the

net balance of GHG emissions from deforestatimhfaster economic growth.

2.3 This chapter describes the background and development of the LULUCF
reference scenario. Section 2.1 explains how LULUCF affects GHG emissions. Section
2.2 outlines the integrated modeling approach used and estimates|amdirase for
agricultural production and livestock activities and projected -lesel change from
deforestation. Section 2.3 then estimates GHG emissions from these activities, as well as
potential carbon uptake. Finally, section 2.4 presents the ensssisults for the
reference scenario.

2.1 Effects of Land Use and Land-use Change on Emissions

2.4 There are three main ways through which land use and-use&dchange
contribute to carbon emissions: (i) conversion of forest land to other land uses
(agriculture, grassland, settlemeres;), (ii) agricultural production, and (iii) livestock
activities. In addition, the carbon uptake via reforestation activities affects net GHG
levels.

2.1.1 Deforestation

2.5 According to the results of this study, in 2008, deforestation accounted for 40
percent of Brazil s gr oss edestrgysd, mamly by Wh e n
fire and decomposition, carbon is emitted into the atmosphere. Brazil has been
converting forested areas at a rapid pace (approximately 420,000 km2 over the past 20

BPhillips et alii, 2009: ADroudbdnceSensitivity of the
¥Erin C. Myers Madeira: fPolicies to Reduce Emissio
DevelopingCountri eso, RFF, December 2008.



years). The Amazon lost approximately 18 percent of its origimasf@over between

1970 and 2007; the Cerrado lost about 20 percent of its original area between 1990 and

2005, while the Atlantic Forest lost approximately 8 percent over the same period (INPE
20009) . Bet ween 1990 and 2 0efby6 bilananetiicl 6 s ¢ a |
tons, largely as the result of deforestatfonThis amount is equivalent to one year of

global emissions, if all sources are combined.

2.6  Since peaking at 27,772 km? duringthe 2200 0 5 per i od, Brazil 0s
rates have d#ined sharply to 11,200 km2 in 2007, the second lowest annual historical

rate estimated by the deforestation assessment program (PRODEShsiyea 1988,

according to INPE ( 2008) This decrease continued in the following yedisis drop

reflects,in part, the higher valued Brazilian currency, the Real (R$), compared to the

U.S. Dollar (US$), which has made expbased production less profitable.
Implementation of the Plan of Action for the Prevention and Control of Deforestation in

the Legal Amaan (PPCDAM), improved enforcement of environmental laws via
increased monitoring capacity, and more rigorous conservation policies for the Amazon
rainforest have all contributed to this reductfon.

2.7  While the spatial dynamics of livestock and agricultural expansion in the Amazon
determine the pattern of deforestation at the regional level, deforestation is also affected

by broader dynamics. National and international market forces drive the devetagme
Brazil 6s meat and crop sectors. Depending
livestock activities compete for land. Many geographical studies have shown that the
resulting spatial dynamics are national in scale. Over the past thredesdte

soybean cultivation has progressednore than 1,500 km from south to north (de
Gouvello, 1999).

2.8 Recent geestatistical analysis shows that livestock activiteae the primary
reason for the conversion of forest areas, followed by the expaosiagricultural
production as the main drivers of deforestation. Other contributing phenomena include
migration, opening of paved roads, and land speculation (SB#ineset al. 2009).

2.1.2 Agricultural Production

2.9 GHG emissions from agricultural gmuction are caused mainly by changes in
soil carbon stocks, and to a lesser extent by fertilizers and residues, cultivation of
wetland irrigated rice, burning of agricultural residues, and use of fossil fuels to power
agricultural operations. According the results of this study, in 2008, direct emissions
from agriculture accounted for about 6 percent of gross national emissions. Variation in
soil carbon stock corresponds to the loss of organic matter in the soil as a result of a
particular land use.

2.1.3 Livestock Activities

2.10 The main source of livestock emissions in Brazil is methanes)(@dm the
digestive process of ruminants. According to the results of this study, in 2008, direct
emissions from livestock activities accounted for aboutp&Bent of gross national

0 National Plan for Climate Change, p.67
111,030 kniin 1990.

“21n 2003 07, for example, 148 protected areas were created, covering 640,000 km2.



emissions. Livestock emissions are related predominantly to-ch#éf farming.
According to the Initial National Communication to the United Nations Framework
Convention to Climate Change, in 1994 the methane emissions tfi@rbeefcattle
subsectorwere responsible for more than folifths of the total amount of enteric
emissions caused by Brazilian livestock. Thus, this study emphasized emissions from
and mitigation alternatives for this subsector.

2.1.4 Forestry-based Carbon Uptake

2.11 Apart from GHG emissions sources associated with land use anddarachange
trees remove C&from the atmosphere and store it in the trunk, branches, leaves, flowers
and fruits, counteracting part of the emissions from LULU& Brazil, carbon uptake
takes place mainly in natural-ggowth of degraded forests and production forests. In
accordancewith the results of this study, in 2008, it was estimated that forbsisgd
carbon removal offset about 4 percent of national gross ensssion

2.2 Modeling Land Use and Land-use Change

2.12 This section focuses on the emissions modeling and results for the LULUCF
reference scenario. Section 2.2.1 highlights the economic and geospatial modeling
approach used to establish the model. Secti@r? Ziresents the modeling results for
projected land use from agricultural production and livestock activities. Finally, section
2.2.3 estimates landse change from deforestation.

2.2.1 Economic and Geospatial Models

2.13 Exploring options for mitigatingleforestation emissions first requires projecting
future deforestation, which, in turn, requires simulating future land use andidand
change. To establish the reference scenario, the study developed two models: i)
Brazilian Land Use Model (BLUM) (bog) and (ii) Simulate Brazil (SIM Brazil) (box

2). These complementary models were used sequentially. The BLUM projected land
use and landise changérough2030. SIM Brazil then allocated this land use and-and
use change to specific locations and gear

Box 2.1: Projecting Land Use for Crops to 2030: BLUM

The Brazilian Land Use Model (BLUM), a partial equilibrium econometric model developed by the Institute
for International Trade Negotiations (ICONE), operates at two levels: (i) supply and demand of final crops
and (ii) land allocation for agricultural products, pasture, and production forests. Supply and demand are
calculated simultaneously, in accordance with the microeconomic principle of market balance, whereby offer
equals demand for each product. This balance occurs when there is a price that leads to the convergence
between supply and demand during the same period of time. The main parameters are demand income
and price elasticity, supply price elasticity and cross-elasticity.

Land allocation for every crop in each region was estimated using two explanatory variables (i) regional
profitability of the considered crop and (ii) regional profitability of competing crops. Regions that showed
higher expected returns for particular products had larger areas allocated to them. Estimating the quantity
of land allocated to pasture depended on (i) amount of land used for agricultural crops and (ii) expected
herd evolution. Projections to 2030 were obtained for six large regions, all of which were divided into micro-
regions created by the Brazilian Institute of Geography and Statistics (IBGE).

3 For annual crops, increase in biomass stocks in a single year is assuabtbéiomass losses from
harvest and mortality in that same yéathus there is no net accumulation of biomass carbon stocks.
(IPCC GPG, page 3.71)
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Box 2.2: Allocating Future Land Use to Locations and Years: SIM Brazil

Simulate Brazil (SIM Brazil) is a georeferenced spatialization model structured and implemented according
to the Environment for Geoprocessing Objects (EGO) Dynamic, an integrated software platform.
Developed by the Remote Sensing Center (CSR) of the Cartography Department at the University of Minas
Gerais (UFMG), SIM Brazil operates at two spatial levels: (i) IBGE micro-region and (ii) raster of 1-km?
resolution. The model creates favorability maps for crop allocation via such criteria as agricultural aptitude
(Assad and Pinto 2008), distance to roads, urban attraction, cost of transport to ports, declivity, and
distance to converted areas. For each micro-region, the model allocates the land-use activities projected by
BLUM at a level of 1 km? using agricultural aptitude as a basis for each crop modeled and estimated
production cost factors according to infrastructure proxis and distance to consumer markets.

When available land in a given micro-region is insufficient, SIM Brazil reallocates the distribution to
neighboring regions, creating an overspill effect. In this way, calculated rates of agricultural expansion are
accounted for. Three main sequences were constructed: (i) calculation of land available for expansion, (i)
simulation of land-use change, and (iii) estimation of resulting carbon emissions.

2.2.2 Projected Land Use: Agriculture and Livestock

2.14 Modeling results project 7 percent growth (about 16.8 million ha) in

land

allocated to agricultural production and livestock activities from 2006 to 2030 (table
2.1). Of the six major regions studied, it is estimated that the Amazon will have the
highest growth rate, at 24 percent; livestock pasture is expected to account for the largest
share. These results suggest that it will be necessary to convert native vegetation for

productive uses (mainly in the frontier regions, Amazon, and, to a legsanmt, in
MAPITO and Bahia).

Table 2.1: Projected expansion of land used for agricultural production and
livestock activities for selected years in the period 20061 30
(millions of ha)

Region 2006 2008 2018 2030

South 34.17 33.56 33.61 34.24
Southeast 54.84 53.52 53.75 53.96
CenterWest (Cerrado) 61.78 61.09 61.84 62.99
Northern Amazon 56.64 57.70 61.83 70.40
Northeastern Coast 14.57 14.62 14.91 15.23
MAPITO and Bahia 37.30 36.82 37.68 39.30
Total 259.28 257.30 263.62 276.13

Source ICONE.

215 Growth in productive | and wuse is

expect e

of two phenomena: (i) increased demand for meat and significant growth in herd size,
principally in the Amazon (44 percent) and attesser extent in MAPITO and Bahia (13
percent) and (ii) expansion of crop production, especially in MAPITO. Expected growth
in herd size and pasture in these regions may be an indirect effect of increased crop
production in pasture areas of the secghtral regions. The study model projects that

growth of grazing land in Northern Amazon, where livestock productivity is lower,

will

exceed the loss of pasture land in the other five regions as a result of competition with

agriculture and production foresttable 2.2).
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2.16 Demand for soybe@nBr azi | 6 s mo s-use croppespediadynirt thel a n d
South and East Central regions, Triangle Mineiro, and parts of the states of Bahia, Piaui,
and MaranBod is expected to grow; land for soybean cultivation igested to expand,

and part of this expansion is projected on the Amazon frontier. -8agarcultivation is
expected to expand mainly in northeastern ParanagsGaiestcentral Sdo Paulo,
Triangle Mineiro, Gads, central Tocantins, Mato Grosso do Sull #ime Northeastern
Coast. Expansion is also expected in the states of Bahia, Santa Catarina, Rio Grande do
Sul, Rio de Janeiro, Espirito Santo, Piaui, Maéanland Mato GrossoAccording to

Assad (2008) and other data sources used to create favorabdipg, sugacane
cultivation is increasing in all states that show potential for its development. Corn
cultivation, which is widely distributed throughout the territory, is expected to increase
or remain stable in most states, except in Mato Grossogevithsill likely decline.

Table 2.2: Absolute Variation in Area Allocated, 200671 30
(thousands of ha)

Center North MAPITO

South West Northern  eastern and Total
Land use South east (Cerrado) Amazon  Coast Bahia Brazil
Cotton (8) (25) 270 12 8 297 555
Rice 206 (14) (46) 5 20 42 213
Beans (fharvest)  (195) (122) (39) (101) (122) 279 (300)
Beans (¥
harvest) 6 6 (2) - - (212) (201)
Corn (f'harvest)  (123) 169 330 (24) 205 103 660
Corn (2% harvest) 632 (56) 1,344 328 - 28 2,276
Soybean 3,097 228 1,845 1,615 - 1,067 7,852
Sugar cane 809 3,111 1,093 3) 235 1,275 6.520
Production forest 1,160 255 591 188 310 677 3,181
Pasture (4,881) (4,488) (2,806) 12,074 11 (1,739) (1,829)
Total 65 (884) 1,239 13,765 667 2,001 16,852

Values in parantheses represent negative values

2.17 With regard to pasture land, expansion in the Amazon, which to date has resulted
mainly from conversion of forests, is expectedcontinue. Relatively stable pasture
lands are projected for the states of Minas Gerais (except in the Triangle region), Bahia
(except in the west), Ceara, Rio de Janeiro, parts of Rio Grande do Sul, much of Mato
Grosso do Sul, as well as Sergipe, AlagoPernambuco, Rio Grande do Norte, and
Paraiba. By contrast, in central and southern Brazil, pasture expansion is expected to
remain limited because of direct competition with agricultural production.
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2.2.3 Expected Land-use Change: Deforestation

2.18 The study team combined the results of economic -lesed modeling and
geostatistical analysis to project the expected conversion of forest land to other land uses
(deforestation}* The team used the EGO Dynamic platform to model deforestation and
worked with three fixed variables (migration rates, protected areas, and infrastructure
[including paved and nepaved roads]) and two others (areas occupied by crops and
herd growth). Base data included the migFgions map and tabular entries for protected
areas, original forest area, crop and herd tables for the years studied, aw@nsiy

tables. A spatial lag regression that combined annual rates of crop and cattle expansion
(calculated per microegion), roaedensity tables, net migration rates, andtected

areas was applied. Based on the regression results, the model calculated the net
deforestation rate for each mieregion. In the Amazon region, estimated deforestation

in the reference scenario was higher than-lasel conversion projected byet economic
modeling, reflecting the effect of variables other than agricultural expansion.

2.19 The expected annual rate of gross deforestation rate in the reference scenario is
about 14,50015,500 kni on average for the period 262030. This range is lower than

the annual historic average of 19,000 k(0996 2005), but well above the targets
outlined by Brazilés National Py an on Cli ma

2.20 The Brazilian government asnto reduce deforestation rates by 72 percent or
more (to about 5,300 Kmby 2017). To make this ambitious target feasible, the
government is implementing a series of measures, including the creation of a forest
policy, the PPCDAM, which focuses on defstaion monitoring and control.

“ The geostatistical analysis of deforestation reflects socioeconomic, demographic, aneigylic

processes, which are usually less obvious than processes associated with direct conversion to meet crop

and pasture demand for land.

%> Modeling did not ncorporate the potential effects of deforestatioae duct i on obj ecti ves
PNMC. Compliance with forest codes and new laws on permanent preservation areas and legal reserves
are considered in the context of a filLegal Scenari oo
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Figure 2.1: Evolution of Deforestation in the Reference Scenario, 20091 30
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Source UFMG (2009).

2.3  Estimating Emissions Balance for Land Use and Land-use Change

2.21 The projected land use and lanse changeesults along with potential carbon
uptake, constituted the basis to project future GHG emissions. The following
subsections describe the key emission s@and uptake sinks, calculation methods, and
total projected emissions over the period consitlere

2.3.1 Deforestation

2.22 The estimate of future emissions from conversion of forest land to other land uses
was based in the methodologies provided in the Good Practice Guidance for Land Use,
Landuse Change and Forestry of the Intergovernmental RameClimate Change
(GPG/LULUCF) (IPCC, 2003J® Pasture carbon stock after conversion was subtracted
from forest carbon stock before conversion. Because of biomass variation, an indicative
carbonstock map for the start of the period was built as a basishft calculation
(figure 2.2). Values varied between 0 and 276.5 tC per ha (biomass above and below
ground), while the average pasture value was 4 tC pé&r Aatal expected emissions

from deforestation were 9.9 Gt GOover the 201LBO period, or 47Mt CO.e per year

on average.

“SeelC (2003), fAGood Practi cleseGuChamge, faonrd LRarde sUtsrey,
atwww.ipcc-nggip.iges.or.jp/public/gpglulucf/gpgluluct.html
" See Saatchi et al. §@7) for the Amazon region and (PROBMMA 2007) for the rest of the country.
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Figure 2.2: Map of Carbon Stock Used To Estimate Emissions from Deforestation

&
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2.3.2 Livestock Activities

2.23 Ruminants emit Ciland nitrous oxideN,O) as a function ofjuantity of food

ingested and quality of diet. In general, the more fibrous the food (for a given level of
ingestion), the higher the quantity of ¢kemitted; the higher the protein cont&rdand

thus the more nitrogen (N) execradethe higher the quantitgf N,O emissions. The

more food ingested, the higher the daily emissions of &tdN,O for a given diet per

ani mal . However, i ncreasing food intake al
shortening the ani mal so& |ficalves necgssdryefor the | owe
production of animals for slaughter, and eventually reducing €ssions per product

unit and for total meat production.

2.24 To estimate the quantity of food ingested and, €rissions, it is necessary to
determine the animaé s wei ght , physiological state, br
birth rate, and milk production). Since these characteristics are heterogeneous in the

herd, it is good practice to categorize the herd and calculate the ingestion and emissions

for eath category (IPCC 2006f§.

“8 In this study, the herd was divided into nine categories of animals according to age (cows, bulls, heifers
less than 1 year old, heifer$ 2Lyears old, bullocksi3 years old bullocks less than 1 year old, young
bulls I 2 years old, young bulls' 3 years old, and young bulls more than 3 years old.
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2.25 The study team used a systemic approach to keep track of GHG emissions from
beetcattle farming. Prototypical farms were identified using various types of systems in
a complete cycle (prstock, posttock, finishing), which reflects levels of land use and
animal productivity intensification. Four types of production systems were considered:
(i) complete cycle on degraded pasture, (ii) complete cycle on extensive pasture, (i)
extensive cowcalf raisng on pasture plus supplemented stocking and finishing in crop
livestock systems, and (iv) extensive coalf raising on pasture plus supplemented
stocking and finishing in feedlots.

2.26 Prototypical farms were modeled to estimate the pasanck need of these
production systems (figure 2.3); GHG emissions were calculated using inputs on
projected meat demand and characteristics of each production system. Thus, the volume
of livestock emissions is a function of the mix of production systems obsatvi
national level to meet the corresponding demand for meat.

Figure 2.3: Flowchart of Prototypical Farms

Meat demand
projectionsto 2030

Nacional Herd Dynamics Land demand
Model

Composition of T

types of production

systems —> Land Productivity

Marginal Abatement
Farm Model —> Emission projections Costand

Investment Analysis

———> Economic Analysis

2.27 For each production system, herd composition, average weight, and performance
were calculated based on typical zootechnical indices. prbductivity of each
prototypical farm, representing each of the four production systems, was thus calculated
based on these indexes. The resulting figures may be considered as a basis for
estimating the number of cattle confined (FNP 2008), average giratiuestimated for

the total production of carcasses (CNA 2009), and number of cattle (IBGE 2009) (table
2.3). Beefproduction data generated by the lars® economic model were used to
project the required herd size, composition, and distributionppmEtuction system to

meet national demand.
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Table 2.3: Area and Number of Cattle in Each Production System
for the Reference-scenario Base Year (2008)

No. of cattle

Area (millions of Emissions
Production (millions head) (Mt COx/
system of ha) year)
Complete cycle on
degraded pasture 59.53 22.38 26.94
Complete cycle on
extensive pasture 132.18 155.51 171.36

Extensive cowcalf raising on

pasture, plus supplemented

stocking and finishing in

croplivestock systems 5.50 10.00 12.11
Extensive cowcalf raising

on pasture, plus

supplemented stocking and

finishing in feedlots 8.18 14.88 18.94
Total 205.3900 202.7700 229.35

2.28 CH,; and NO emissions were estimated based on animal wegglatijity of diet,

and performance for each production system according to tiered IPCC models (2006).
Modifications considered estimates of dmaterial ingestion for the NRC reverse
calculation (2000) with a maintenance factor for Nelore zebus (predomma&nazil)

and the CHequation described by Ellis et al. (2006).

229 According to this studyds projections,
from 229 Mt CQe in 2008 to 272 Mt C& in 2030. The cumulative total over the
2010 30 period is 5.2 GEO.e.

2.3.3 Agricultural Production

2.30 Main GHG emissions sources related to agricultural production are (i) changes in
soil carbon stocks, (ii) CHfrom cultivation of irrigated rice and burning of crop
residues, (iii) NO from fertilizers and manureanagement, and (iv) GGrom the use

of fossil energy in agricultural operations. To estimate €quivalent emissions from
changes in soil carbon stock, this study used the methodology in the GPG/LULUCF for
changes in carbon stock in soils in croplantijolv takes into account changes in the
reference carbon stock (expected carbon stock in the type of soil under native vegetation)
and its change due to management (e.g., tillage), land use (e.getongultivated, set
aside), and inputs to soil (e.g.ganic or mineral fertilizers). Associated emissions
depend not only on the size of the area under use, as determined by thseland
economic model, but also on (i) carbon stock under native vegetation and (ii)-carbon
stock changes in the soil, which vdry region and type of agricultural activity.

2.31 The study team estimated the carbon stock under native vegetation for regions
defined by the different soil classes and vegetation. Using simplified soil and vegetation
classifications, 30 soil x vegetati combinations were created; each was attributed a
value of the soil carbon stock based on available published data and soil databases in the
EMBRAPA Agrogas Network. Subsequently, the team created a map of the soil carbon
stock under native vegetation.
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2.32 Conventional soipreparation systems used for cultivating grains generally lead
to a reduction in soil carbon stock relative to native vegetation (Zinn et al. 2005;
Fernside et al. 1998); by contrast, in a zilfage system, soil carbon stock preserved

or increasedZinn et al. 2005; Cerri et al. 2007). The change factors for soil C stocks
were estimated taking into account the GPG/LULUCF methodology where the default
factor values for land use, management and input are available. Fuhtbezstimated
change factors were adjusted as a function of the literature available for Brazil. For
example, the change factors for soybeasmize (for Central Brazil) or soybeavheat
(Southern region) crop sequences under conventional tillage were estitnate 0.48

and 0.69, respectively, using the GPG default values. These change factors mean that
after 20 years soils under soybean will present soil C stocks at 48% and 69% of the
original content. Data obtained in Brazil suggebts could be even logr. Moreover, in

the First National Communication of GHGs the change factor for crops was 0.43. Hence,
the change factors were adjusted to 0.50 for the South and 0.40 for Central Brazil.
Factors considered for conventional planting suggest that soiledsices carbon stocks

to 4463 percent of amounts under native vegetation; this range was observed in
samplings done in Brazil (Zinn et al. 2005). Differences between regions and crops are
due to the climate and residpeoduction features of crops.

2.33 The IPCC method was also used to estimatg €Hhissions from the production

of irrigated rice in southern Brazil ard,O and CH, emissions from the burning of
sugarcane straw during harvest. According to data from INPE (2009), the proportion of
sugar cane harvested without burning was 46.4 percent in 2006/2007 and 49.1 percent in
the 2008/2009 harvest. This proportion increased4.4 percent in the 2009/2010
harvest. In the reference scenario, it was assumed that the area harvested without
burning would increase and stabilize at about 90 percent by 2020, except in the
Northeastern Coast, where it would stabilize at about #fept®

2.34 CH, emissions from the production of irrigated rice and the burning of sugar
cane straw are expected to total 434 Mt,€Over the next 20 years. About fdifths

of this amount is expected to result from the cultivation of wetland irrigatedmainly

in the south. BD soil emissions from fertilizer and residues, as well as from the burning
of sugar cane, add another 686 Mt£0 The reference scenario projects that, by 2030,
only about 3 percent of these®l emissions will result fromhe burning of sugar cane,
while the remainder will result from the decomposition of harvest residues, especially
those derived from soybean cultivation, which are richer in nitrogen (N) and from
pastures with cattle.

2.35 From 2009 until 2030, it iestimated that about 55 percent of thg®®Nemitted

from residues (171 Mt C#@) will result from soybean cultivation. Fertilizer use will
account for about 121 Mt G@ in soil emissions. But because production and transport
of every 100 kg of N used in agulture generates 450 kg G®in fossitenergy
emissions, the use of nitrogenous fertilizers would result in total emissions of 250 Mt

9 The areas utilized for sugar plantation in the states of Pernambuco and Alagoas have on average 70
percent and 30 percent respeely of declivitis above 12 percent, which incapacitates mechanized
harvesting under current technology; manual cutting without burning in large scale becomes unviable.
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CO,e. FossHenergy emissions associated with agricultural operations (e.g., diesel
powered equipment) are expecteddach 344 MCO,e over the period (table 2.4)

Table 2.4: Emissions from Agricultural Production
in the Reference Scenario

Mt % of
GHG emissions source COe total
Changes in soil carbon stock 585.2 28.6
Fertilizers, residues (including
burning of sugar cane), and
mineralization of nitrogen in the soil {N) 685.6 334
Cultivation of wetland irrigated rice and
burning of sugar cane (GH 433.6 21.2
Use of fossil energy to power
agricultural operations (C{ 343.5 16.8
Total 2,048.0 100.0

2.36 In summary, GHG emissions resulting from agricultural production are expected
to total about 2.0 Gt C, corresponding to about 102.4 Mt €&Q(per year (table 2.4).
Slightly more than 40 percent of these emissions result from losgahic material in

the soil, caused mainly by the conversion of pasture land into farming areas in the
Southeast, Cent&Vest, and MAPITO and Bahia regions. The farming area under zero
tillage is maintained at 77 percent of the area under corn (firgsestarand soybean
cultivation and at just over 8 percent of the area under cultivation by other crops until
2030. The gradual elimination of sugane burning is expected to lower annual
emissions over this period.

2.3.4 Carbon Uptake

237 Br az i Inbak opportunitees for carbon uptake reside mainly in (i) forest
recovery through afforestation or reforestation activities, or assisted natural regeneration
and (i) production forests. Forest recovery has a significant potential for carbon
removal. Fo example, modeling results and data from the available literature indicate
that plantcover restoration for the riparian forests of Sdo Paulo alone could result in the
removalof about 400 Mt C@, while in the Amazon, the potential is even higher, given
that climate conditions in much of this biome increase the caabearption potential of
growing forests.

2.38 However, in degraded ecosystems, such as abandoned pasture and cropland, the
regeneration potential of arboreal species and secosdacgssin species is impaired.
Specific botanical obstacles include lack or inadequacy of seed banks, poor seed
dispersal, competition with highiomass graminae, herbivore predation, burning, and
absence of pollinators. Therefore, in the reference scenmstive forest recovery

which accounts for the major share of carbon upbgkantropogenic activitiggemains

limited compared to the theoretical potential, at about 10.3 Mf @0 year. If the
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carbon uptake from the natural regrowth of degraded fovests to be included, then
the potential uptake would increase by 109MtCO2 per 3fear.

239 Wit h regard t o Br a Z ialtefnation pf plahting tarido n for
harvesting generates an average carbon stock whose flow dynamic is determined by the

cycle ofthe species cultivated; for example, the cycle for Eucalyptus species is about 21

years (three seveyear cycles). The average carbon stock of forest clusters is linked to

the earmarked economic activity (e.g., iron and steel or pulp and paper prodantion

thus the risk that the economic activity will decline or &nd.

2.40 This study focused on production forests of renewable plant charcoal for the iron
and steel industry. Substitution for nmmewable plant charcoal or mining coal can
result in ircreased carbon uptake without altering the supply and demand of the final
products. This is not the case for other sectors, whose reforestation potential is confined
to market growth of the enalse activity. Future projections for production forestsgisin
renewable plant charcoal were based on estimated annual growth in the iron and steel
market over the study period (3.7 percent) and market participation of all thermo
reduction agents.

2.41 The reference scenario assumes a continuation of the curasketnsituation.

With regard to thermoeduction participation, it assumes 66 percent based on mineral
coke, 24 percent on naenewable plant charcoal, and 10 percent on renewable plant
charcoal. The reference scenario also assumes (i) continued lpokliof policies and
adequate sector financing; (ii) continuation of the current regulatory structure, which
leaves room for the use of noenewable plant charcoal; and (iii) low productivity
development in terms of growing trees for wood and efficienfythe wood
carbonization process.

2.42 Under the reference scenario, it is estimated that production forests can sequester
315 Mt CQe over the period analyzed.

2.4 Reference-scenario Emissions Results

2.43 Based on subsectoral analyses, the study tgamerated an integrated reference
scenario for LULUCF. This reference scenario used the emissions calculation methods
indicated above, which were integrated into the SIM Brazil model. Use of these models
made it possible to generate maps and tablesdbattered annual emissions and carbon
uptake over the study period, calculated for eadtmi plot and integrated by micro
region, state, and country (figure 2.5).

0 When calculating national carbon inventories, some countries consider the camtribfinatural

regrowth towards carbon uptake; therefore, although this study does not compute this contribution in the
carbon balance of LULUCF activities, it would be fair to add that information for comparison purposes.

51 Brazil currently has about 5 Hidn ha of production forests.

2 However, risks associated with extreme events, such as fires and pests, are ostensibly less, owing to the
need to replant areas to compensate for theusadactivity.
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Figure 2.5: Reference Scenario Results:
Emissions from Land Use and Land-use Change, 20091 30
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2.44 Emissions from landise change via deforestation account for the largest single
share of total emissions from LULUGFup to 533 Mt CQe per year by 2030. Direct
annual emissions from land use (agricultural production and livestock actiinitesase
over the period up to annual rate of 383 Mt,€0 The model shows a decrease in the
annual rate of carbon uptake, from 28 Mt €@ 2010 to 20 Mt Ce2 in 2030. For the
entire period considered, the net balance between land usejdarghangeand carbon
uptake results in increased emissions, reaching about 895 ptaB@ually by 2030.

3 When calculating national carbon inventories, sotoentries consider the contribution of natural
regrowth towards carbon uptake; therefore, although this study does not compute this contribution in the
carbon balance of LULUCF activities, it would be fair to add that information for comparison purgoses. |
the carbon uptake from the natural regrowth of degraded forests were to be included, then the potential
uptake would increase by 109MtCO2 per year, thus reducing the net emissions.
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Chapter 3

Land Use, Land-use Change, and Forestry:
Toward a Low-carbon Scenario

3.1 Based on the projected evolution of LULUGEctor emissions in theference
scenario (chapter 2), this study explored opportunities for reducing emissions and scaling
up carbon uptake. Sections 1313 identify the mitigation options for agricultural
production, livestock activities, and deforestation, respectivetyjlasily, section 3.4
identifies options for forestryelated carbon uptake. Each of these four sections
analyzes barriers to adopting the respective mitigation measures and explores ways to
overcome them. Section 3.5 suggests how these mitigation qpades together, can
create a new landse dynamic for Brazil. Section 3.6 offers added forest protection
measures to further deepen and strengthen emission reductions. Finally, section 3.7
summarizes the integrated strategy for a-t@sbon scenario.

3.1 Mitigation Options for Agricultural Production

3.2 Reduction in soil carbon stock accounts for more thanfiftyts of direct
emissions from agricultural production, as discussed in chapter 2, suggesting the need for
mitigation efforts to adopgricultural practices that reduce the conversion of soil carbon
stock and mineral nitrogen (N) into carbon dioxide gL itrous oxide K.0), and
methane (CHh).

3.3 The study team identifiecacceleration of the dissemination aérotillage
cultivation & the most promising option for reducing GHG emissions from agricultural
production. Emissions in the leearbon scenario, usingore zeratillage cultivation,
were about 21 percent less than in the reference scenario, which used conventional
farming sysems (table 3.1). Zertllage farming can reduce soil loss by about three
fourths, resulting in a 2@ercent increase in water infiltration. Other potential benefits
include control of soil temperature, improved soil structure, increased-statage
cgpacity, and enhanced nutrient retention of plants. In weilaigatedrice systems,
zerotillage has reduced CHemissions by about 15 percent (Lima 2009). Total avoided
emissions using zeyidlage could amount to 356 Mt G® over the 20180 period
(figure 3.1). For these reasons, ztllage cultivation is expanded to 100 percent by
2015 in the lowcarbon scenario.

34 Despite Brazil 6s ext dllageicultyatioa,xswitehing e n c e
from conventional to zerbllage systems involves range of cultural, technical, and
financial hurdles:
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1 Knowledge gap.Myths about soil compaction, leliiming efficiency, and
likelihood of pests and disease discourage sstale farmers from
attempting zerdillage farming.

1 Lack of access to technolpg Smallscale farmers are responsible for an
important part of grain production (e.g., beans and corn), but have little or no
access to the technical assistance needed to adapt their production systems.

T Upfront costs of conversionlnitiating a zeretillage system may involve
acquiring machinery and larger quantities of inputs, and there is a lack of
consensus on the economic advantages of zero tillage in all regions.

1 Research gapAlthough zeretillage farming is practiced widely in southern
Brazil, where the climate is mild, further research is neededcéstain
regions, e.gnorthern and northwestearts of theParanaStateand such
regions as the Cerrasie.g., research on plant cover for the period following
the summer harvest to guarantee emoregidue to cover the soil throughout
the year).

1 Lack of infrastructure and marketing@razilian farmers often face problems
of produce storage and transport to markets. The higher value of soybeans
precludes the storage of such crops as corn, aggn for summer rotation.
Also, small farmers have no guarantee that alternative cereal crops will be
purchased. The resulting domination of soybean monoculture weakens
diversification, which successful zetilage farming requires.

Table 3.1: Reduced Agricultural-production Emissions in the
Low-carbon Scenario Using Zero-tillage Cultivation for the 2010-2030 period

GHG emissions Difference compared to
Emission in the lowcarbon the reference scenario
source scenario (Mt CQe) Mt CO.e % reduction
Change in soil carbon stock 348.4 236.8 40.5
Fertilizer and residue (including
burning of sugar cane) and
mineralization of nitrogen in the sol 631.0 54.6 8.0
Cultivation of wetland irrigated rice
and burning of sugar cane 390.8 42.8 9.9
Use of fossil energy to power
agricultural operations 322.4 21.1 6.3
Total 1,692.5 355.5 21.0
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Figure 3.1: Avoided Emissions via Zero-tillage Cultivation
in the Low-carbon Scenario,
20101 30
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3.5 Various measures can be implemented to overcome these barriers, as follows:

1 Strengthen basic and technological researahd generate zettdlage
information that guarantesystem sustainability throughout the country.

1 Restructure theural extension systemnd prepare techniciatsserve as link
betweenresearch institutions, universities, and various segments of the
productive sector. Itis vital for technical universities and schools to
incorporate the zertllage system intohe professional training curricula.

1 Establish priority credifor farmers who adopt the system (e.g., increase the
budget for lowinterest loans or lower insurance premiums over time).

1 Expand storage facilities and guarantee produce purch@sg., corn);
devel op financi alforfprices of gssential inpes, suchrmag nt s
herbicides, for the zertillage system.

3.2  Mitigation Options for Livestock Activities

3.6  Given that methane (Cjemissions from beefattle farming account for the
largestshare of GHG emissions from livestock activitfeghe following mitigation
options were explored:

1 Geneticimprovement programs for forage to reduce methanogenesis (FAO
2007) and

4 CO, equivalent of emissions from livestock activities are estimatee tlass GWP of 21. However, if a
different metric were applied, for instance the GTP, the corresponding estimates would vary significantly.
In particular, using GTP would lead to smaller numbers. However, this issue being still debated, the study
opted formaintaining the GWP metric, using the value of 21 for methane.
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1 Incentive programs for using genetically superior bulls (improved animals
have a shorter life cycle and emit a smaller quantity of @il slaughtered).

3.7 These two options directly affect emissions reductions per product unit, which
are conventionally measured in tons of carcass equivalent. Beyond these two options,
livestock emissions can be reduced via productivity gains. The transition from a lower to
a higher productivity system alone has little effect on GHG emissions per animal (1.25
tCO,e in the degradedastures scenario versus 1.15 $€Qn other scenarios). But
higher productivity in more intensive systems generates a significant reduction in
projected herd for 2030 (208 million head in the HJoavbon scenario versus 234.4
million in the reference scenario), which, in turn, generates significant emissions
reducton per unit of meat (figure 3.2) and in total value (figure 3.3).

Figure 3.2: Comparison of Methane Emissions per
Unit of Meat (kg CO.e per kg), 20087 30
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Figure 3.3: Comparison of Methane Emissions from
Beef-cattle Raising (Mt CO.e per year), 20081 30
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3.8 The combination of improved forage and genetically superior bulls, combined
with the proposed increase in livestock productivity, would reduce direct livestock
emissions from273 to 240Mt GQer year in 2030; that is, maintain emissions at about
the2008 level.

3.9 But productivity gains may have a greater effect on the general balance of
emissions associated with land use and-las&lchange. Indeed, higher mpedduction

rates per hectare means that less pastureidarebded. The release of has land for

other uses helps reduce overall land demand and the need to remove native vegetation
and therefore emissions from deforestation. This potential contribution from the
livestock sector to help reduce emissions from deforestation is furthereckm section

3.3.

3.10 The hurdles involved in these proposed mitigation options could be surmounted
by building on current programs and polici
programs, which emphasize the use of genetic materials withaf@l@oagronomic and

pest and diseaseesistant characteristics, do not pursue the objective of reducing GHG
emissions; however, ongoing research programs test evaluation techniques for in vitro
CH, production in forage plants. Thus, public policies cdagdput in place to promote

the funding of research programs that encourage universities and research institutions to
select forage of higher nutritional value and implement better management strategies to
produce cultivars with lower CHemissions potentiafor ruminants. According to
preliminary estimates by the EMBRAPA team, launching €& research program on
genetically improved cultivars would cost about R$4 million.

3.11 Use of genetically superior bulls has a longer period of return. Prodhains
provide incentives for evaluating bulls and subsidies for acquiring tested animals of good
lineage may contribute to sector efficiency over the medium term, as well as reduce
GHG emissions. Assuming that 2.3 million bulls are needed to maintaimattzmal

herd (a buHto-cow ratio of 30:1), a 5@ercent premium for improved animals above
their slaughter value, and four years of useful life for the bull, the total value of subsidies
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for the national herd would amount to about R$350 million per yeBositive
externalities for adopting such a measure include increased productivity;duetliey
carcasses, and increased calving rates (assuming andrological testing of improved bulls).

3.12 Since the 1990s, the rise in garimal productivity of beetattle farming has
significantly reduced emissions per kilogram of carcass produced. Higher productivity
has coincided with greater adoption of mixed crop and livestock systems and feedlot
systems. But the carrying capacity of pastures has changedolittle the period,
suggesting that pasture degradation may offset the gains obtained by productivity gains
observed in other places (IBGE 2088)ence the importance of promoting degraded
pastures renovation.

3.13 Although improved and more intensive systars more attractive with regard to
economic returns, the cost of restoring dpwmductivity pastures is relatively high
(estimated at R$2,924.92 per ha in investment and R$21,300 per ha in expenditure).
Even more costly are the investments required fgement such systems, particularly

the acquisition of animals. Since the economic value of the activity is not high, credit at
low-interest rates would be required to finance the purchase of animals to increase the
rate of carrying capacity; otherwisenchers would likely underuse available forage
resources. Favorable economic performance of past programs usintivestgck
systems (e.g., PROLAPEC and PRODUSA) suggests that such incentives could reduce
business risk, increase income in the field, ardovate degraded pasture areas,
facilitating agricultureivestock expansion in already deforested areakcentive
policies for the early slaughter of animals may also generate gains in productivity and
reduce emissions (e.g., the Early Bullock ProgianMato Grosso do Sul). Finally,

given that more intensive systems demand greater management, public policies that
promote rural extension and training for cattle ranchers are important.

3.3 Increased Livestock Productivity To Avoid Deforestation Emissions

3.14 In the reference scenario, the main emissions source is deforestation. While
significant, the mitigation and carbon uptake potential described above remains limited
compared to the large volume of GHG emissions resulting from deforestats
mentioned above, a main trigger of deforestation is the need to convert native vegetation
into land to accommodate crops and pasture expansion. Theudandodeling
developed by this study makes it possible to estimate the volume of additiodal la
needed and associated deforestation in the reference scenario. To avoid emissions from
deforestation, ways would need to be found to reduce global demand for land, while
maintaining the same level of products supply as in the reference scenarigtemisy
terms, the mitigation of emissions through lars#® change could be achieved by
absorbing the expansion of these activities via the increased productivity of other ones.

315 Brazil 6s major agricultural a d¢vityiandi t i e s
consequently do not offer opportunities to increase productivity on the scale required to
absorb these additional levels of demand for land. For example, the productivity of a
soybean plantation in Brazil was 2.86 tons per ha in 2008, compdte@.81 tons per

ha in the United States (table 3.2).
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