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Abstract - This paper investigates the impacts of several alternativatdithange policy scenarios for
Brazil and Mexico. The goal is to compare the options for GHG redudtioBsazil and Mexico and to
explore the similarities and differences in the potential appraachntate change mitigation between these
two countries, in order to asses if a global “one-fits-all” potian be justified or the countries should focus
on their own strategies for emission mitigation. We use the MITs&aom Prediction and Policy Analysis
(EPPA) model, a global energy-economic computable general equiliniodel. The scenarios consider
broad classical instruments in reducing GHG emissions and pollutaritss and cap and trade systems, as
also alternative climate change policies under discussion. We deatengtat Mexico’'s and Brazil’s
commitments for 2020, made during the UN climate meetings in Copenhag€aaadgn, while reachable
come at very different costs for both countries. The comparativgsaalf these two big Latin American
economies underscore the need to design climate policy that cortsieesgecific characteristics of each
country, including the natural resources available as well as ¢heient economic structure. Also, our
results suggest that there are other environmental and economic cowesqioe Brazil and Mexico of
stringent climate policies at the global scale, such as thetamtes in the value of energy resources traded
in international markets.
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Resumo -O presente estudo investiga os impactos de diversas alternatpalétidas de mudanca do clima
para o Brasil e o México. O objetivo € comparar as opc¢Oes pararrechigsdes de GGES nesses paises e
explorar as similaridades e diferencas em potenciais egastee mitigacdo de mudancas climéticas entre
eles, de forma a identificar se um politica Unica global selemuada, ou se cada pais deve focar na sua
propia estratégia de mitigacdo. Para tal, utiliza-se 0 modeloBvHiBsion Prediction and Policy Analysis
(EPPA), um modelo computavel de equilibrio geral de representacdo dtalistemas econdémicos e
energéticos. Os cendrios consideram instrumentos classicos ampledudao de emissfes de GGEs e
poluentes, como impostos e mercados de permissdes de emissOee ptditicas de mudanca do clima em
discussdo. Os resultados demonstram que 0s compromissos assumidos por eMBrasil durante os
encontros da ONU em Copenhague e Cancun séo atingiveis a custosebentedifentre esses paises. Uma
andlise comparativa entre essas duas maiores economias deaAmaéna revela a necessidade de desenhar
politicas climaticas que consideram as caracteristicasyares de cada pais, incluindo seus estoques de
recursos naturais disponiveis assim como suas estruturas econdimaas Os resultados ainda sugerem
outras consequéncias ambientais e econdmicas para Brasil e Mdxindas de politicas climaticas mais
restritivas, como as incertezas na valoragdo dos seus reamsggeticos negociados nos mercados
internacionais.
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1. Introduction

In the context of climate change mitigation policy, current debiatges on the future role that big
developing countries will play in long-term agreements to mitigateclingate risk. In the case of Latin
America, Brazil and Mexico being the biggest economies in the regignaptentral role. Both countries
have actively participated in the internationalogs under the UN Framework Convention on Climate
Change, as well as in other policy forums such as the G8+5 Clidhatege Dialogue. In 2012 with a GDP
of $2.25 and $1.18 trillion US dollars respectively, Brazil and Mexgomant for 62 per cent of all of Latin
America’s economy (WB, 2014). The population of these two countries pei®ent of the region, 200.4
million people in Brazil and 120.8 million people in Mexico (UN, 2013). Both upp&tdle income
countries, Brazil and Mexico have higher income per capita, $11,690 and $9,9d@lI&fS respectively,
than the average in Latin America of $9,314 US dollars (WB, 2014). Thuscbatitries have been under
significant international pressure to enhance mitigation action.

Regarding greenhouse gas (GHG) emissions, in 2005 Brazil and Mexidedke®i®32 and 667
million tons of CQe respectively (MME and EPE, 2013) (SEMARNAT, 2013). These figures include
emissions from fossil fuel use, other industrial emissions anduseahange. In 2010, Mexico’s emissions
were 748 million tons of Cge, an increase of 12% in five years. In contrast, Brazil's eams®xperienced
a significant reduction of 39% in the same period, with total ®oms in 2010 of 1,246 million ton C@.
The reduction of Brazil's emissions comes as a result of dédtices control policy. While total C®
emissions in Brazil from land use experienced a sharp drop, intlestdaagriculture emissions kept an
upward trend. In 2010, Mexico’s per capita emissions from fossil fumis 3.8 ton CQ, while Brazil’s per
capita emission were 2.2 ton @However, if we account for total emissions including land use change and
non-CQ GHG, per capita emissions of Brazil were 6.8 ton op€&nd Mexico’s 6.1 ton of Cge.

The goal of this paper is to compare the options for GHG reductionsaml Bnd Mexico and to
explore the similarities and differences in the potential appraachntate change mitigation between these
two countries. We seek to understand if a global “one-fits-all” pdikeythe same carbon price or similar
percent reduction in emissions can be justified or the countries shmuld 6n their own strategies for
emission mitigation. We use the MIT Emission Prediction and Pélalysis (EPPA) model (Paltsev et al.,
2005), which is a global energy-economic computable general equilibri@g)(@odel, developed at MIT
Joint Program on the Science and Policy of Global Change. The ssecanisidered here are developed to
consider alternative climate change policies under discussion.

In this paper, we focus on the dynamics of emissions trendssstkimg energy choices and explain
the macroe- conomic costs in climate policy scenarios. The mapeganized as follows. Section 2 describes
the EPPA model. Section 3 provides an overview of the refereeoarse, focusing on emissions, energy
and electricity mix in the business as usual case. This secsonls some of the key diferences in energy
structures to understand policy costs in Brazil and Mexico. Seétimesents the results of several climate
policy scenarios. Section 5 concludes.

2. The MIT Emissions Predictions and Policy Analysis (EPPA) model

The EPPA model (Table 1) is a multi-region, multi-sector reegirdynamic representation of the
global economy (Paltsev et al., 2005). The GTAP data set providessthénb@mation on the input-output
structure for regional economies, including bilateral trade flovestéq 1997; Dimaranan and McDougall,
2002). We aggregate the data into 16 regions and 21 sectors.

Table 1 presents the countries or regions represented in the mddebadly identifies final demand
sectors and energy supply and conversion sectors. Final demand sedtate five industrial sectors and
two household demands, transportation and other household activities (spaterenggdiighting, etc.), as
shown in the table.



Table 1. Aggregation of regions, sectors and primary factors in the EPPA model

Country or Region Sectors Factors
Africa (AFR) Final Demand: Capital
Australia & New Zealand (ANZ) Agriculture (crops, livestock & forestry) Labor
Brazil (BRA) Services Crude Oil
Canada (CAN) Energy-Intensive Shale Oil
China (CHN) Other Industries Conventional Natural Gas
Eastern Europe (ROE) Transportation Unconventional Natural Gas
Europe (EUR) Household Transportation Coal
Higher Income East Asia (ASI) Other Household Demand Hydro
India (IND) Energy Supply & Electricity Generation: Nuclear
Japan (JPN) Conventional Fossil Wind and Solar
Mexico (MEX) Hydro Nuclear
Middle East (MES) Existing Nuclear Land
Rest of Asia (REA) Wind and Solar
Rest of Latin America (LAM) Biomass
Russia (RUS) Advanced Gas
United States (USA) Advanced Gas with CCS

Advanced Coal with CCS

Advanced Nuclear
Fuels:

Coal

Crude Oil, Refined Oil

Natural Gas

Liquids from Biomass

Source: Paltsev et al. (2005).

Energy supply and conversion sectors are modeled insufficient detaidlentify fuels and
technologies with different C@emissions and to represent both fossil and non-fossil advanced technologies
There are 16 geographical regions represented explicitly in the nmmtiedling major countries (Brazil,
Mexico, U.S., Japan, Canada, China, India, Russia) and 10 regions that agatagggef countries, among
them the Latin American region, which in EPPA represents theofdsatin America without Brazil and
Mexico. In this paper we focus on the results for two countries: Brazil and Mexico.

The synthetic coal gas industry produces a perfect substitute toalngas. The oil shale industry
produces a perfect substitute for refined oil. All electrigigneration technologies produce perfectly
substitutable electricity except for renewable energy teolgied, which have a special treatment in the
model. For wind and solar technologies we represent two types ofgtenetat low levels of penetration a
generic Wind and Solar technology is modeled as producing an imperfestitse of electricity, reflecting
its diurnal and seasonal variability and intermittency. At lecpde penetration, we allow wind and solar to
enter as perfect substitutes, but require a back-up generatingthert feom natural gas or biomass. We
introduce these “hybrid” technologies considering that wind and solandkxgies could penetrate the mix if
they become competitive under climate policy, but will requirelitexhal capacity to overcome its
intermittency issues. For more details on this formulation seeidvierral. (2010). Biomass use is included
both in electric generation and in transport where a liquid fuptaduced that is assumed to be a perfect
substitute for refined oil.

Regarding land use we explicitly model land conversion to differenaticruses. Each land type is
a renewable resource whose quantities can be altered through conversion totgpethreabandonment to a
non-use category. In the general equilibrium framework, we need to Hdabpconsistencies with the
physical units and with the economic value. The first of theselitons is achieved by assuming that 1



hectare of land of one type is converted to 1 hectare of another tgpthraugh conversion it takes on the
productivity level of the average for that type for that regiomeeitropland, pastureland or managed forest.
The second of these conditions is achieved by observing that in agmlittre marginal conversion cost of
land from one type to another should be equal to the difference in valine ¢fpes. We require that
conversion uses real inputs through a land transformation function (Gurgel et al., 2007).

The model includes representation of abatement of nopg€enhouse gas emissions @20,
HFCs, PFCs and $rand the calculations consider both the emissions mitigation thatsasar byproduct
of actions directed at CDand reductions resulting from gas-specific control measures. &drgentrol
measures include reductions in the emissions of2 €@n the combustion of fossil fuels and land use; the

industrial gases that replace CFCs controlled by the Montretdd@t and produced at aluminum smelters;
CHa4 from fossil energy production and use, agriculture, and waste, a@dffdm fossil fuel combustion,
chemical production and improved fertilizer use. More detail on hateatent costs are represented for
these substances is provided in (Hyman et al., 2003).

Future scenarios are driven by economic growth that results famngs and investments and
exogenously spec- ified productivity improvement in labor, energy, and Guoevth in demand for goods
produced from each sector including food and fuels occurs as GDP and igammneStocks of depletable
resources (like coal, oil and natural gas) fall as they are dsihg production to higher cost grades.
Sectors that use renewable resources such as land compete doritable flow of services from them,
generating rents. These together with policies, such as constrathts amount of greenhouse gases, change
the relative economics of dérent technologies over time and across scenarios. The timing of aéntry
advanced technologies, such as cellulosic bio-oil or wind and solamtegtes, is endogenous when they
become cost competitive with existing technologies.

When emissions constraints on certain countries, gases, or seetorgpased in a CGE model such
as EPPA, the model calculates a shadow value of the constragft ishnterpretable as a price that would
be obtained under an allowance market that developed under a cap angdsieme Ehe solution algorithm
of the EPPA model finds least- cost reductions for each gasimsector and if emissions trading is allowed
it equilibrates the prices among sectors and gases (using GWPs)eldtis set of conditions, often referred
to as what and where flexibility, will tend to lead to least-cost abatematiitout these conditions abatement
costs will vary among sources and that will impact the estinatdfare cost, because abatement will be
least-cost within a sector or region or for a specific gaswiunot be equilibrated among them. In these
scenarios, no emissions trading between countries was allowed,rderoational trading in GHG gases still
an political and institutional challenge worldwide.

For this study, we have improved the EPPA model in the following ®lax-fuel vehicles for Brazil
are included, allowing for the substitution between gasoline-ethamal hled pure ethanol. Also, to reflect
current fleet trends in Brazil (in 2012 the share of flex faes evas 58%), we increase the share of flex fuel
vehicles (it starts as 30% of the fleet in 2005 and grows to 95% diettteby 2065, staying constant
thereafter). We also included bioelectricity production from swagerdagasse, which was calibrated for a
total generation of 0.07 EJ in 2010. We parameterized the model so that this type ofepregpnts around
3 to 4 % of the power mix in our reference scenario. We also updated tpmptlands based in UN data
(UN, 2013), as well as GDP growth and the electricity sector fuel use fat &ndaviexico up till 2010 data.

In term of emissions, for Brazil EPPA estimates in 2005 a total of 2208 milliorcéomgared to 2,032 of the
national emissions inventory. Given the high reduction of emissionsdedanestation, we adjusted EPPA
trends to match the inventory data for deforestation in 2010. Withdjustenent, EPPA C@e emissions for
Brazil in 2010 for Brazil are 1,210 million, compared to 1,246 million tonS@pe reported in the National
Emissions Inventory of Brazil, 3% higher. In the case of Mexico, 2005AEAHssions for Mexico are 710
million CO2e compared to 667 million ton of C@ reported in Mexico’s national inventory, 6% higher.
These small deviations result from slightly higher emissionkarehergy sector in Mexico and Brazil, and



also higher IO emissions, in the case of Mexico. The next seqtieesent the reference, or “business as
usual”, scenario projected in EPPA assuming noatknpolicies in Brazil or Mexico, besides thoseadty
implemented in 2010 or before. Further details alEdi®PA may be found in Paltsev et al. (2005) andy€lu
and Paltsev (2014).

3. Overview of the Reference Scenario

This section presents an overview of the EPPA medémates for the emissions trajectories of
Brazil and Mexico during this century. In the Refece scenario we assume no explicit climate polsy.
we discuss later, the costs of climate policy amidssions abatement potential of the two countries a
related to their current energy mix and naturabueses. With vast hydropower resources and progeietnd
large land area, Brazil relies on hydropower fagctaicity and has developed its bio-energy sedior.
addition to having vast resources, Brazil expemenhkigh energy prices during the oil shock in thés;7a
situation that triggered policy to diversify itseegy mix and reduce foreign oil dependence. In rembt
Mexico, endowed with substantial oil resources,eligyed a significant petroleum industry and poséib
itself as an important oil exporting country. Whigexico’s renewable energy resources are abuntiat,
availability of low-cost oil resulted in fossil ey as a preferred choice in the country. Thusa assult of
both resource availability and energy policies, Me primary energy comes 98% from fossil fuels
sources, contrasting with 62% in the Brazilian ggenix.

This starting position results in a veryetent initial breakdown of these two economies’s=oins.
Figure 1 shows the reference emissions by sectdh&two countries. As shown, energy related eomnss
are much higher in Mexico than in Brazil (35% v€®1but land-use emissions are higher in Brazi436&
12%). The industrial and transportation sectorgrdmute with similar share of emissions in both cties
(around 20% and 18%, respectively). A bigatience between the two countries is also the jzation of
the residential and commercial sector in emissibasg 13% in Mexico and only 2% in Brazil.

Brazil Emissions Inventory 2010 Mexico Emissions Inventory 2010

Total emissions 1246 Gg CO,, Total emissions 748.25 Gg CO,,

L
Agriculture

13%

Industry
8%

Industry
7%

Figure 1 — Share of GHG emissions in 2010 by sestoMexico and Brazil
Source: Brazil (2013) and SEMANART (2013)

Our results for the Reference projection of primamgrgy in both countries are shown in Figure 2 for
Brazil and Mexico. Currently, Brazil has a subsirtontribution from hydro energy, but since deyrhent
of hydropower is limited by total resource availapi other energy sources start growing at a faséee. By
the end of the century, EPPA model results showBhazil will increase significantly its use of naal gas,
oil and biomass. Nuclear energy is not projectethtoease its share. In the case of Mexico, natyaal
increases its participation significantly and odleualso grows. In the reference scenario, withacthér
policy, no other energy sources seem to increaseadtticipation in Mexico. In the Reference scemari
without further energy or climate policy, Mexico psojected to rely on oil and natural gas for ity
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Figure 2 — Primary energy output in Brazil and Mexico, 2010 — 2050.
Source: EPPA model results.

3.1Electricity

Brazil has a cleaner electricity mix than Mexico with 70%tsfpower in 2010 coming from hydro
energy, followed by natural gas (11%), oil (9%), and coal (5%gohtrast, Mexico’'s power mix in 2010
was heavily dominated by fossil fuels: natural gas (42%) and oil \24% coal (10%). Figure 3 shows our
projections for electricity mix up to 2050. Brazil continues to relyhgdro power and also expands its
natural gas based generation. Mexico’s growth in electricity is based on expansituralfgas.

A

Figure 3 — Electricity use by source in Brazil and Mexico, 2010 — 2050.
Source: EPPA model results.

3.2. Final Energy Use: Industry, Transportation and Residential and Commercial

Final energy use grows in all sectors of the economy in BaadilMexico, as shown in Figure 4. In
Brazil most of the growth is expected in industry and transportatubiie in Mexico residential and
commercial use is expected to grow faster. This result isdbas relative shares of the sectors, their
competitiveness and improvements in energy efficiency.

3.3. Emissions trends

The resulting emissions trends for Brazil and Mexico are showngard-i5. First, one important
policy was included in the baseline that shift emissions from 2005 devenwards in Brazil. Considering
the drastic drop in emissions from deforestation in Brazil, whate in the last 5 years decrease 80%, we
impose a policy constraint on land use emissions to reflect thignaath and control regulation.



Interestingly, in terms of C®@emissions by the end of the model period, both t@memissions trajectory
almost end at the same level. However, regardimy@0p gases, Brazil emits 3.5 times as much as Mexico

of methane and twice as much nitrous oxide, @mince that is maintain in the case of methaneigfraut
the period and increases in the case of nitroudeoXigure 6 splits the total contribution of £@missions

from combustion processes from those of land uaagdy an important distinction for mitigation ségies.

Brazil - Final Energy Use
20

i Transportation
15 B Commercial and Residential

Mexico - Final Energy Use

i Transportation
8 W Commercial and Residential

M Industry 6 M Industry
w 10 @
4
> 2
0 0
2010 2020 2030 2040 2050 2010 2020 2030 2040 2050
Figure 4 — Electricity consumption by source in Brand Mexico.
Source: EPPA model results.




Figure 5 — GHG Emissions in Brazil and Mexico, 2005 — 2100.
Source: EPPA model results.
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Figure 6 — GHG Emissions from fossil fuel and industry and from land use changesilimmiddexico.
Source: EPPA model results.

4. Policy Scenarios

In order to project the costs and consequences of common alternative clincaés pol the Brazilian
and Mexican economies, we modeled seven alternative policy scendyidke Copenhagen climate
mitigation pledges (scenario 1b), 2) a carbon tax of 10 dollars peoft@Ope starting in 2020, and
increasing by 4% each year (scenario 2a), 3) a carbon tax of 5G gmlaton of CQe starting in 2020 and
increasing by 4% each year (scenario 2c), 4) a cap on tota €fissions reducing from 2010 levels a 5%
in 2010, a 10% in 2030, a 15% in 2040 and 20% on 2050 and onwards (scenario 2d), 5) angent cip
on total CQe emissions reducing from 2010 levels a 12.5% in 2020, a 25% in 2030, a 37.5% in 2040, anc
50% in 2050 and onwards (scenario 2e), 6) a cap opddissions only following the same reductions of
scenario 2d (scenario 2f), and 7) a cap orp @@issions only following the same reductions of scenario of
2d and 2e (scenario 2f and 2g) (See Table 2).

Table 2. Policy scenarios implemented

Scenario Policy Summary description

la Reference Scenario Policies until 2010 excluding Copenhagen pledges

Ib Climate Policy Scenario Policies after 2010 - including Copenhagen pledges

2a CO, price paths (low carbon tax)  Price increases 4% each year, starting at 10$/tCO,e

2c CO; price paths (high carbon tax) Price increase 4% each year, starting at 50 $/tCO;e

2d COse emissions cap (20%) 5% total COse cap each decade stabilizing in 20% in 2050
2e COze emissions cap(50%) 10% total COse cap each decade stabilizing in 50% in 2050
2f CO; only emissions cap (20%) 5% cap in CO, only each decade stabilizing in 20% in 2050
2¢ CO; only emissions cap (50%) 10% cap in CO; only each decade stabilizing in 50% in 2050

The first policy scenario (1b) considers only those policies assuigedountries during the
Copenhagen COP meeting in 2009. Scenarios 2a and 2c assumes the impositin t#x (price) on all
GHG emissions starting at $10 and $50 per ton ob €Quivalent, respectively. Scenarios 2d and 2e
considers cap-and-trade policies able to reduce emissions frandd%)% to 20% and 50% respectively by
2050, imposed as national level policies in all sectors at samee ¢ixcluding land use changes emissions,



with trade of CQ permits among sectors and GHG gases (using GWP equivalents). Tbhe chdtinese
policy scenarios aims to consider broad and general policies skscby the environmental economics as
able to promote efficiency and effectiveness. At same tinag, allow to verify how the same policy set up
would affect two developing countries with different energy matrixes and emssgiofile.

These last two scenarios were specified to verify how the outobthe policies would differ if only
CO, emissions were targeted in the policies. For the Copenhagen pledggexnsider the voluntary
commitments to reduce emissions by 2020 in 36 to 39% for Brazil teobusiness as usual level and 30%
for Mexico from its business as usual. Brazil projected businegsuag emissions of 2,703 million tons of
COge by 2020; the Copenhagen commitments were to reduce them betweend®I3%2 million tons,
which means that in 2020 Brazil could have emissions around 1,652 or 1,72 aifis of CQe. Given
that Brazil's emissions in 2010 were already below the tatgetCopenhagen goal is already met. In our
modeling, we only impose a small requirement for the industry to ee€lonissions in 6%, considering the
breakdown that Brazil proposed for sectoral emissions reduction, wscited in an almost negligible
policy cost. Brazil has no further announcements of what the polggttaill be beyond 2020; therefore we
let the Brazil emissions grow again after 2020. In the case ofddglexurrent programs have pledge
continuing reductions goals to meet a 50% reduction by 2050, if international assistaneelesldo reduce
emissions. In the case of Mexico, the Copenhagen pledges by 2020 alse cadyimodest reductions
compared to our reference case of current policies scenarnssiens in 2020 from scenario 1a and 1b are
only 3% apart). For our modeling, we consider that Mexico would not ireceggsn from the 30% reduction
level considering the policies that indicate Mexico will pursue estaoter mitigation targets. We do not
impose a 50% reduction by 2050, because international transferacto emissions to that level seems
unlikely so far, and because scenario 2e could be used to evalua@ssstamgent policy. In this way, we
can compare what would happen if Mexico reaches the 30% and whakitdvis able to further reduce
emissions to 50%.

Figure 7 shows total emissions trajectories inR€E@r each of the policies and Figure 8 shows the
associated policy cost, measured as loss GDP in dollars of 2005.cilimtéa policy comparison, we
integrate the areas under the curves to show total cumulatigsiens for each policy as well as total cost,
although with this method, for the moment, we are not discounting costseatd¢ater in the period (see
Figure 9). Regarding total emissions trajectories, the resultsthlavor Brazil and Mexico the Copenhagen
pledges require very derent mitigation eorts. In the case of Brazil, almost no additional mitigation action
is required in this scenario, since we considered in the basiefimeduction of emissions from deforestation
that has already taken place. For Mexico, in contrast the Capamivaluntary goal is comparable in terms
of emissions reduction to a high tax on Z&@missions or cap reaching 50% reductions by 2050. For both
countries the policies of a high carbon tax (scenario 2c) and atoissions cap of 20% by 2050 (scenario
2d) resulted in similar emissions reductions. As expected, a Idvorcdax (scenario 2a) resulted for both
countries in higher emissions at the beginning of the period and morg@miseduction by the end of the
horizon. The most stringent scenario was the cap on emissions to5@¥chy 2050 only with C@e
(scenario 2g); however this scenario is built for modeling comparison gsrpasl more attention should be
paid to scenario 2e that allows mitigation to occur in all the ecgrftns is particularly important for costs
in Brazil).

The policies modeled imply an increasing lost GDP from the beginningpeofpolicy to 2050,
growing from 4% GDP loss to 11% for Mexico and from O to 4% for Biazihe di erent scenarios (see
Figure 9). The policy cost is the highest in the stringent capditr countries. Interestingly, total cumulative
emissions are very similar in each of the countries undersogr2e and 2d (high carbon tax and cap on all
emissions to reach 50% by 2050), and so are the total policy cattevas in Figure 9b. However, as shown
in Figures 8a and 8b the policy costs occur aedint points in time, a key dérence between these policies.
For Brazil, a high carbon tax (policy 2c) has less costs at thiarbeg of the horizon compared to a cap to
reach 20% by 2050 (policy 2d). While total policy costs are of #mesmagnitude, once discounted the



policy 2c could be preferable (depending on the discount rate selectedaifie conclusion could be draw
for Mexico, although to a much lesser extent. Our results suggssidhat pricing carbon even with a low
carbon tax of 10 dollars per ton @&xhat increase as the economy grows could have an important impact in
total emissions trajectories. The low carbon tax policy achi2geasnd 28% of total cumulative emissions
reductions in Brazil and Mexico, respectively, compared to the haseissions. In comparison, a cap on
total GHG emissions to reach 50% reductions by 2050 (2e scemadoges 50 and 60% of total cumulative
emissions in Brazil and Mexico, respectively the total coshisf $tringent cap policy is 10 and 7 times
higher for Brazil and Mexico, respectively. In the case of the laglpolicy, the costs are 4.2 and 4.5 times
higher than the low tax policy. This as a result of the upward slbgee mitigation curves, which reflects
the fact that mitigation becomes more expensive as abatemermises@nd further reductions become more

and more expensive.
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Figure 7 — GHG Emissions trajectories in Brazil and Mexico under the climatgecpalicies.
Source: EPPA model results.
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Figure 8 — Yearly GDP losses in Brazil and Mexico under the climate change piobaie2020 to 2050.
Source: EPPA model results.
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In the following sections we describe some of the interestimypgds that occur in each of the
simulated policies, in terms of energy use, technology deployment in relegams snd land-use changes.
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Figure 9 — Cumulative GDP losses in Brazil and Mexinder the cllmate poI|C|es from 2020 to 2050.
Source: EPPA model results.
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4.1. Energy consumption

In order to achieve emissions reductions, the e¢@msmtan use less carbon intensive substitutes into
their production and consumption activities, deplugw low-carbon technologies into their production
processes and end-use, and/or reduce their ovaafumption. An important share of the mitigation
required will imply reduced energy consumption (Fes 10a and 10b). Compared to the reference soenar
in 2020 Brazil and Mexico reduce their primary gyeuse in similar shares of 4% and 14% for the éma
high tax scenarios. By 2050, both countries needsduce its energy consumption in all scenarida/édxen
10 and 13% for the less stringent scenario (lovaatax) and 34 and 42% in the 2e scenario, foriBaad
Mexico, respectively. This with the exemption ok tiCopenhagen scenario where Brazil is allowed to
increased its emissions after 2020.

4.2. Low-carbon electricity technologies deployment

As shown in Figure 10b, policy 2a (low carbon tarplies primarily a reduction in total electricity
generation in Mexico of 10% less than the baselnye2050. The policy also triggers a slightly highe
penetration of wind energy in both countries, asashin Figures 10a and 10b. For the rest of theaes,
Brazil continues to use its hydropower and addsirahtgas with CCS, and more wind. In contrast, for
Mexico, the rest of the scenarios require importieployment of new technologies in the power seasor
well as additional decrements in generation, whextuces almost by half for the high tax and stimgap
scenarios. For the high tax scenario and stringaps, Mexico deploys natural gas and coal with CCS
technologies by 2050. Both countries will needultyfdecarbonize their electricity mix in the styent cap
scenario controlling only C®emissions (policy 29).

It is worth mentioning that while we focus in th@5® horizon in this paper, we estimated the
scenarios results up to 2100 in order to allow reitexercises in the integrated modeling system IGSM
model, finding other technologies also playing gn#icant role later in the period. As populationda
economic trends push for more energy use while fams are capped, the electric power sector starts
transitioning to a more drastic change to low-carbechnologies in the second half of the centurfgerA
2050, our results show a transition towards wind aalar technologies at fast pace under the stinge
scenarios 2e and 2g, and their penetration incseals® in all other scenarios. The later deploynant
renewables in our modeling results obey to two sétseasons. First, our model considers the colts o
replacing the build infrastructure already in placehe different regions (in other words, it imalizes the
costs of vintaged capital), as well as institutiarwsts that slow-down the penetration of new tetbgies in
the model (as a function of installed capacity hie previous period). Second, the intermittent reatnir



renewables in our model is taken care of by im

posing a requirement of full back-cipydapa
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Figure 10a: Mitigation in the electricity sector in the climate change pslggenarios in Brazil.

Souce: EPPA model results.
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Figure 10b: Mitigation in the electricity sector in the climate change pslsgenarios in Mexico.
Souce: EPPA model results.

large-scale penetration of renewables, either with naturalgdaises or with bioelectricity plants, to account
for reliability constraints. Thus, we find first a transition to#& natural gas technologies and then the
deployment of zero emissions technologies, primarily wind and olarent model developments include
more detailed studies to better incorporate the operational cotsttiaat renewables will bring to power



systems with large-scale penetration of renewables, and theohekibility options such as storage

technologies and transmission and distribution networks (Octavianq &rtdicoming). We expect that if

economically available, these supporting infrastructure for relewathat reduces the problems of
intermittency, could bring these technologies earlier into the power mix undetecpaiacy.

4.3. Land-use changes

A careful analysis of changes in land-use driven by climate pwioy the utmost importance in the
region. While agriculture contributed with 5% and 3% of total GDP @iziBrand Mexico in 2010, the
population working on this sector is 17% and 13% in Brazil and Mexico. An temgonumber of the
vulnerable population in these countries, including poor households and indigenous doespuepend on
this activity. Thus, the consequences for farmers and communitiesaril Bnd Mexico are logically of
special concern for policy design. In addition to providing important ecosysgevices including carbon
sequestration, the forests and special ecosystems in Brazil aritoV have a critical value for their
biodiversity; both Brazil and Mexico are among the 17 megadiverse @siofrithe world (Groombridge,
1994). In the past, economic growth has driven an expansion of agriculture &une,patsthe expense of
forests and other ecosystems. Our economic modeling provides a highdalydis of economic incentives
that will drive land conversion under climate policies. Figure 11 shd®®AEmodel estimates for land uses
in Brazil and Mexico, as a result of expected land conversion.
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Figure 11 — Land Use in Brazil and Mexico in the Reference Scenario (1b).

Souce: EPPA model results.

For our baseline scenario, we consider the policies that BraziMmxéto have implemented to
reduce deforestation. For Brazil, total land-use emissions argamato the level in 2005. Total cropland
still expands, in order to meet food demand and biofuels production; tudatdeer for crops expands from
8 to 22%. This expansion comes from conversion of other arable landaf@¥dorests (8%). Pasture also
expands from 17 to 19%, at the expense of forests. While Mexico Ipéamented policies to slow down
deforestation rates in the country, it still experiences high dstédien rates. Without further policy efforts,
we expect Mexico could decrease from 38% of land cover in fore20% by the end of the century,
expanding agriculture from 19 to 32%, and decreasing pasture from 47 to 42%.tionadimpacts in
deforestation, an important land use change driver is the use of lgjpehenour reference scenario, we
include the biofuels mandate implemented in 2010 by the US andutbpdan Union, as well as the current
policies to incentivize the use of biofuels in Brazil. For Brahié two tax scenarios increase the production
of bioenergy, while the two cap scenarios decrease it cothgargéhe reference; for Mexico biofuels
production increases in all scenarios (but remain relatively small given vuBéfleet in the country).



4.4 Industry and Transport

In the case of the industry, in Brazil electricity use insesain all scenarios. As expected, both coal
and natural gas use decreases as a result of carbon polidiespdmse, the industry increases the use of
liquid fuels until 2050 for all scenarios, when this source of energubstituted by more electricity (see
Figure 12). In the case of Mexico, industrial natural gas and coalrastcally decreases in all scenarios;
and liquid fuels increases. Electricity use also decreases te/éarge share of fossil energy, and starts
increasing again at the end of the period when a cleaner electricity mix a&@a(pke Figure 13).
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Figure 12 — Mitigation in the Brazilian industrial sector.
Souce: EPPA model results.

For the transportation sector, we find that in both countries thersecteases its energy use in the reference
scenario and decreases with respect to the baseline in all ityequainarios. For the 2e scenario, a reduction
of a 30% and a 34% of energy use in transportation could be expectethéroafierence scenario for Brazil
and Mexico, respectively. These percentages increase in tlee2gris (target for C@emissions only) to
48%. These results underscore the relevance of the transportation isemitigation, and the need for
alternatives to reduce eciently its energy use including moee fliexibility, public transportation and/or
more clean technologies such as electrification of transportation,fdroffublic and private modes (see
Figure 14).
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Souce: EPPA model results.
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Figure 14 — Energy use in the transportation seattire alternative scenarios in Brazil and Mexico.
Souce: EPPA model results.

M Scenario 2g

4.5 Energy Trade
International trade of energy products is an imgnariconsideration in evaluating climate policy. In
the case of oil trade, both Mexico and Brazil areently experiencing profound changes in theirseittor,



although the two defer in the state of developn@ntheir petroleum industries. While Mexico has ibee
exploiting oil resources for international tradec& the 1970’s, Brazil has only recently startebéaalmost
self-sufficient in terms of oil and analysts andi@o makers in the country expect Brazil to becoare
important oil exporter in the Americas, followintg developments in deepwater sites (IEA, 2014, 2BF3
2014) . In the case of Mexico, its main oil fielggpear to have reached maturity; this situationrésslted
in a milestone energy reform to canalize privateegtiment in order to revitalize the oil industriteathe
alarming decay of key oil fields. Manifold uncertt¢s surround the future development of the adustry
in both countries. New institutional arrangementgrovide incentives for adequate levels of investirare
needed. Also inherent technological challengesefexploitation of more complex formations onshame
in the deep ocean are to be taken into account \whaecting the development of these markets. In ou
reference scenario, we consider that both counttifisbe able to revitalize and consolidate theil o
industries, and thus remain being oil exporterdlolang the IEA projection for Mexico, we considtrat,
despite recent declines in exports, by 2020 thenttpuwill recover production levels of 2.9 mbd (IEA
2014). In the case of Brazil, we consider 3 mbdipobdion by 2020, also in accordance with (IEA, 2014
Figure 15 presents oil exports for Mexico and Brazaspectively, with and without climate policy
considering this positive production scenario. Thest stringent climate policy for the energy sedy
scenario) results in reduced oil exports for Mexa€d 3% from the reference scenario and 47% foziBra
With and without policy oil exports peak in the 283for both countries. In the case of Brazil, piithn
grows but exports start declining as domestic peodn is used to meet fast-growing oil demand. Redu
exports respond to a contraction in economic dgtiinternationally resulting from carbon policy;l oi
resources get exported at a slower rate as alltgesiriry to switch away from fossil energy wheertis a
price on carbon. Thus, results suggests that psteyarios might influence how fast these resouwoatl
be developed, with implications on investmentsnargy infrastructure.
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Figure 15 — Oil Exports.
Source: EPPA model results and historical data.

In addition to oil exports, we find that Brazil ileases its biofuel exports in all scenarios, paldity
under the tax scenarios, however even in the sminhgolicy scenario biofuel exports are about 012 E
indicating that with the policies modeled we do egpect biofuels to play a major role in energy akp
(see Figure 16).

Regarding energy imports, in the reference scertastb countries are net importers of refined oll
products and coal, as shown in Figures 17 and h8elJclimate policy, for all scenarios Brazil elivates
coal imports and substitutes for natural gas. Bralso increases its imports of refined oil product



particularly in 2050, when we expect domestic demand to be higher thanahaiti production. In the case
of Mexico, coal imports are generally low (below 0.01 EJ in mosiasaes), but increase in some scenarios
as a result of its use in the power sector along with CCS technologies.
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Figure 16 — Biofuel exports from Brazil.
Source: EPPA model results.
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Figure 17 — Energy imports in Brazil
Source: EPPA model results.

Natural gas is of strategic importance in Mexico as it's exoetdt meet most of the power sector
energy demand and is also important for industrial use (see 4.2 anthdsAve describe in some detail our
modeling assumptions for this fuel. In 2010, domestic demand for naturad lysexico was 6,341 million
cubic feet per day (mmcfd) and production 5,004 mmcdd, resulting in total imports of 1458 (SROER,
2013). Demand and production estimates in EPPA are 10% higher than &lidtgues in 2010, with the
same level of imports (See Figure 16). The Mexican government estimates @®@2,/bylexico will reach a
production of 6,848 mmcfd (the EPPA estimate for 2025 is 6,721). Using tlebneadata by 2050, EPPA
estimate of Mexico’s domestic production of natural gas is 12,552 mreqjaiying additional 2,117 imports
mmcfd to satisfy demand in that year. In order to maintapomnts below this level (between 14 and 20% of
total demand) domestic production in the country needs to keep a fastgragvth matching demand trends
(see Figure 19). We consider for our reference case that doprestiction of natural gas will be developed



to meet demand. If policies are not put in placednalize investment to develop local resourcesthad
supporting infrastructuteimports will grow faster than the reference casesented by EPPA (up to the gap
existing between the demand estimate and realimatiiption). Our modeling results show that in theecof
stringent climate policy (scenario 2g), natural gaports decrease 48% from reference, as a res$ult o
induced energy eciency and a decreased of econaxctigty domestically and internationally that résu
from climate policy.
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Figure 18 — Energy imports in Mexico.
Source: EPPA model results.
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Figure 19 —Mexico natural gas market.
Source: EPPA model results and historical data.

ICurrently, Mexico has been experiencing acute stfteture bottlenecks that have increased the itmpdmatural
gas. In 2010, about 47% of the imports were ideyf the Ministry of Energy as “logistic-imports”eaning those
required due to lack of pipelines and other infiature to use local resources (See SENER (2013)).



It is worth mentioning that without investments in oil and gas resqubmgl Mexico and Brazil could
substantially increase its imports of both energy resourcestdtie above mentioned technological and
institutional uncertainties, the risks involved in developing fossil gnadgls an important consideration to
investing in energy diversification, such as renewables. Mexico, unlike Brakzitdn rely in its hydro power
resources for electricity generation, will have to heavily @ imports of natural gas if local resources
remain dicult to tap. In addition, if energy investment into oil expilmnaand exploitation is not timely, or if
it results unsuccessful for technical reasons, both countriesb&ilmporting oil to satisfy the growing
demand for transportation and industrial uses. The risks involved in thiopleeat of these resources
should be considered when crafting climate policy.

5. Conclusions

GHG emission reduction requires substantial changes in energy angskupdactices. Because of a
global nature of GHG impacts, a successful agreement to imiate change needs a global participation.
Mitigation by even the largest emitters alone would not solvgtbblem (Reilly et al., 2012), therefore,
actions are needed from all emitters. So far, internatiomaht# negotiations face a challenge of finding a
“fair” scheme for individual country’s contributions to GHG emissieduction at a global level. There are
numerous proposals for burden sharing (IPCC, 2014) that look at equal percegteajanarginal cost or
same carbon price among the countries. Studies have shown that agitbbaltax or cap-and-trade system
is an efficient way to reduce emissions. However, recent apmeadiscussed at the UN conferences in
Copenhagen (UN, 2009) and Cancun (UN, 2010), focus on national plans that are very differeotifitoyn c
to country. In our study we evaluated the options and implications fotwihdargest Latin American
economies: Brazil and Mexico. We found that because energy anddandixes in these two countries are
very different, same carbon prices and emission caps lead talifergnt policy costs, namely cumulative
costs in Mexico are about twice as high as in Brazil. Anotheerdifice is that Mexico’s major source of
GHG emissions comes from energy, while in Brazil agricultacéivities are responsible for a largest share.
Therefore, a policy that targets only energy emissions would many other sources in Brazil. Energy
efficiency plays an important role in mitigation scenarios fohlmatuntries. Energy and electricity uses are
reduced in all policy scenarios in comparison to a no-policy scenambedtricity sector, Brazil continues to
rely on hydropower with some additional wind and natural gas with @@#e Mexico employs CCS
substantially on fossil-based electricity.

Land-use emissions policies are important to consider in both cauntriBrazil, a successful story
of dramatic reduction in deforestation between 2005 and 2010 should b&imed. Mexico should use
Brazil's example of deforestation control to reduce its land usesens. While Brazil and Mexico’s
emissions are not among the largest in the world, their contributionH® @missions mitigation are
extremely important. First, these countries are key leaders athengiddle-income countries that play an
important role of engaging developing world in a climate negotiation pro8esend, reaching substantial
reductions required for eliminating the worst potential consequencdstwk climate change, need
participation from every country. Third, a reduction in fossil fuE# has substantial pollution reduction
benefits. Our study confirms that climate policy designs chbaseBrazil and Mexico and proposed in
Copenhagen and Cancun are solid steps in a right direction. Continuing watbpileg their own strategies
that fits their countries’ energy and land use composition bstt@mise policy that should be maintained.
Our study illustrates the challenges that lie ahead in the ggadefurther GHG mitigation in Mexico and
Brazil.
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