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An energytransition driven by climate policyandtechnological changereates
uncertainty for oil producers Many Latin America and Caribbean (LAC)
governmentsrely on oil for fiscalrevenues.Here, we explore prospects for oil
production, public revenuesand unusedoil reservesin LACacrosshundreds
of scenariosWe usethe BUEGO (Bottortdp Economic and Geological Oil field
production) model to simulate field development and productiondecisions
globally. LAC compete dependng on global oil prices and domestic fiscal
regimes We find that 66-81% of 3P oil reserves inLACwill remain unusedby
2035 Stringent dobal climate actioncould reducefiscal revenuesn LACto
$1.3-2.6 trillion, compared to $2.7-6.8 trillion if reserves were strongly
exploited. Global demand and OPEC quotsve production and fiscal returns
in LACdomesticfiscalmanagementhaslimited potential to increase revenues
Governmentsmay therefore need todiversify theirfiscal revenuesaway from
oil production.

Many countries in Latin America artthe Caribbean (LAC) have large oil
production sectors oremerging prospects for generating revenues from oil
resourcesThe region holdone fifth of theglobalprovenreservesdistributed

in Venezuelaq1% ofLACreserve$, Brazil (38%), Mexico (2.3%), Ecuada#g),
Argentina (07%),and Colombia (0.5%)

At the country level, dependence on @iparticularlypronouncedfor Venezuela,
Trinidad & Tobago, Mexico and Ecuadbin Venezuela, oil represented 98% of
export earning in 2017, while n Trinidad and Tobagadhe oil and gassector
represens nearly 10% of GDP. Looking forward, countries like Argentina, Brazil
and Mexico have ambitious plans to increase their production, and others, like
Guyana, to start exploitatioat a transformative scale for their economies

But future oil production prospects ardnighly uncertain®. As alternative
technologies become cheaper amdeasures to address climate changed
implement the Paris Agreemertbke hold, oil demandis expected to slow
down?3, Hectricity generationis expected to increasingbwitch to renewable
sources globallyand roadtransportto move to electic vehiclegs*3, Such shifts
are already occurring, with some countriegperiencing large renewable energy
growth®, and others increasing sales of electrieehicle$® whilst in parallel
proposingthe future banningof sales ofliesel and gasolineehicles.

If global action is ratchetedpil demand will decline sharply leading to
unburnable carboythat isfossil fueswhich cannot be extracted and used if the
world is to adhere to a given carbon bud#ef. McGlade and Ekinguantified
this prospect estimatingthat almost 40% o0bil reserves irLatin America (33%
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globally) would remain unburnable i2050 ina world where the global
temperature increase was limited to 2%C

Here we assesghe prospects for production, unburnable reserves and fiscal
revenuesfor LAC oil producers, given three key areas of uncertainty: i) global olil
demand, sensitive to climate policy and technological change, ifpgétical
uncertainty, reflected in changesf production bythe Crganization of the
Petroleum Exporting Courieis (OPEY; and iii)how the type and stringencyof
fiscal regimsin LAC countrieshange theeompetitivenesf fields in the region

We run480scenariosising aglobal oil field modeto explorethe relative impact

of externaluncertainties and domestic policy choica§e find thatwhile the
choiceof fiscal regimes has some impact fiscal returnsfrom oil production,
those are mainly driven bihe level of global demand and the ability of OPEC to
limit production. Our resultseinforce previous findings that the ongoing energy
transition results in a financial risk for oil producér'® suggesting that
diversification of fiscal revenues away from oil mayrbguired forexporting
countriesto ensure sustainablemmcome.

Exploring drivers of regional oil production pathways

To explore aangeof possibleglobal oil demandrajectories, we use large
ensemble of scenariokom a peerreviewed IPCGscenario databagé Those
reflect assessmentfrom the integrated assessment modelling community
modelling thatis focused onexploling the implications of different climate
futures under different narraties and assumptionsl’he scenariosrepresent
futuresthat would lead toa range of differenglobal temperature increaseand
they incorporatedifferent assumptions around demographic change, economic
growth, and technological changje

For this assessment, we have taken the median oil production trajectory from
four groups ofrepresentative scenarigsccording tadhe temperature increase

in 210Q which range from 1% to above ZC, with lower and higher 22
categories in betweefSupplementary Figure 1)

A second driver of prospects foil productionin LAGs how otherkey global
producersact To explore this, wéocus on therole the OPECwhich is home to
82% of theg 2 NI RQa LINE ¢ $he OREMisesphodudich NidBsito
ensure revenue stability for its members by controlling oil price, therefore
impacting on the attractiveness of LAC Wile considertwo contrasting casely
either imposing a cap on annual production feach OPEC membéncluding
Venezuela and Ecuadorjvhich we set at the maximum historical annual
production level since 2000 able 1 in Methods)orimposingno capsat all

Finally,we model the choice of LAC governments arotisdal regime. Fiscal
regimesimpact profitability for investors and produces, influendng which oil
field development projects they decide to funiost countries in LA@urrently
use eitherproductionsharing contractor concessionswith different levels of
fiscal pressure on producefSupplementary Tabl@). We model the current
fiscal regimeswe systematically test the impact of switching from osgheme
to the other, andwe test high and low levels of fiscal pressikéethods)

To assess the implications of these uncertainté®l policy choicg on oil

productionand governmentax take, we use the BUEGO (Bottddp Economic

and Geological Qil field productiosimulationmodel. BUEGO incorporates both

economic and geological characteristics7@#00 globaloil fields to assess the

profitability of investing in specific oil field projects under the endogenously
2



derived global pric&? (Methods) In BUEGO, lower cost resources are
produced first, hence providing insights into the competitiveness of LAC oil
fields.

We generate480simulations of the global oil marketsaéhsimulationexplores
one different fiscal configuration for LAC oil producing countrigmried
independently for each LAC country afrdm five options of concessioror
production sharingscheme with low or high overall pressureand the current
tax regimé, one global demand scenarfohosen from 4 representative demand
scenarios)and oneOPEC quota systefwith our withoutquotas).

Oil production prospects in LAC

Figurelashowsresulting oil productionprofilesin LAGrom the simulationsrun.

In all scenarios,pductiondeclinesout to 2021, reflectingincreasing production
levels in USA and by sonhMiddle Easternproducers, and recent declines in
Venezuelan and Mexicgoroductionthat more than compensaténcreases in
Brazilian output*. Pcst-2025,the widening range highligh the riskthat climate
policy and technological changasts ormproducersand investors.

The main driver of future productioturns out to beglobal demand. Under
Above 2Gcongstent demand scenarios, productidncrease during the mid
2020s For demandsconsistent with more stringent temperature limi,
production continues to declinéo 35-70% of 2016 levelsby 2035 with the
median global price at $50/bbA 1.5°C world suggests cumulative production in
LAC of 4456 billion barrels by 2035anpared to 5-70 billion barrels in a 3°C
world, based on the interquartile rangeith large variation around the median
level (Supplementary Figuréq). The role of OPEC quotas is also important.
Under the OPE€onstrained variants, production is higher LAC in all cases,
from Above2°Cto 1.5°Ccasesfor the majorregionalproducergFigurelb, lower
left).
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Figurel. Oil production in LACunder different global demandand OPE@roduction scenarios
20162035. a) aggregated production fothe LAC regiorunder all simulationsb) averageoil
production by LAC countfgr selected scenarios

The production outlook varies consideraldythe country levelFigure2 shows
production trajectories for the three top producers in the regi@razil, Mexico

and VenezuelaAcross all three countries, global oil demaadd ht 9/ Qa
production are the main drivers of productigralthough the variability within
these groups highlights the impact of different fiscal reginiEsspite Venezuela
being pat of OPEC, theases with strict quotasesult in higheioil prices globally

and pushes production up to the cap, while in tleases without quotas
Venezuelan production sits well below the capped level.

Brazil shows the highest variability in productidrom nearly doubling its 2016
oil production (2.5 nillion barrelsday, mbd) in the most optimisticAbove 2C
scenario(red group) to almost halving productiomnder the least optimistic
1.5°C scenaridlight blue group)Production in Mexico declinesom 2016until

the eafly- to mid-2020s, at which point oil field development increases
especiallyunder Higher 2ZCand Above 2Cdemandscenarios.The impact of
large global producers is also clearly shown for both counbyesbserving the
different trajectories for the strict and no OPEC constraint cases under th@ 1.5
oil demand.

In Venezuelathe outlook dependsless on global oil demand thdor other
producers in theregion, suggesting that theirchoice offiscal regime (not
highlighted in the figureand those of other producers in the region play a
significant role(see below) For instare, under the most optimisticower2°C
scenarig Venezuela could producel3mbd by 2035in the least optimistic case
for the same global demand and OPEC behayibwnly produces 1.4 mbd.
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Figure2. Oil productionin Brazil, Mexico and Venezuglay demandscenario, 2016035 Each line
corresponds to one of ouwt80 simulatiors. In the legendthe numbers refer to theylobal demand
under different temperature targets

Governmentrevenues fromoil production

Production profiles are important for driving future revenues for government
budgets.Figure3 showscumulativetax take (over the period20162035) by
countryfor the main regional producer$he range imotal revenuedslargeand,

like production isdriven by global demandnd OPEC production quotas (or lack
thereof). For instance, thénterquartile range oftax takefor Brazil goes from
$550bn to $1,250bn. The scenariosabove the interquartile range primarily
correspond toAbove 2COPE&onstrained cas®(red coloured markerswhere
prices increas¢éowards the end of the perioup to a $350bbl mean in 203%
Variability within the clusters is driven by differences in fiscal regimes across LAC
(see below).
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Figure3. Cumulative government tax takby countryand demand scenario (2018035) Each dot
representone of the480simulatiors. In boxand-whiskers plot, median and interquarti{gQ)range
are shown Whiskers extend to 1.5 times the IQ range. a) Largproducers in LAC; b) Small olil
producers in LAQ.he abbreviation T&T refers to Trinidad and Tobago.

When the cumulative productionfor LAC is plotted against revenues for
government we observe a positive correlation, with higher tax take associated
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with higherproduction(Figureda). Figure4ashowsthe impact of different global
demand levels on regional production, ranging fré&to 74 billion barrels; and

on tax take, with governments receiving betwe&m,000 and$9,000bn. Of
interest is that there are wide variations in tax take at similar levels of production

(and vice versa)and that it is global demand and OPEC behaviour ldrgely
drives this variation

The Above 2C OPEConstrainedscenarios (brown markers) see the highest tax
take and production levels, whilst the 1.5°C OfRBEbnstrainedl{ght blug) see
the lowest. The differencén tax takebetween brown and yellonmarkers
reflectsthe impact on oil price ofonstrainedproduction from OPEC countries
under the highest demand casEor any givencombination ofglobal demand
and OPE@roduction the variability is driven bthe choices ofiscal regimedy
LAC governmentsee below)
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For the largest producerd®razil, Mexico and Venezueld is againglobal oil
demandthat is a key drivefor government tax tak€Figuredb). The highest tax
take and production are observed &bove 2C scenarigsalthough notin all
simulations In Brazil, tax takeanges from $00bn to $3,000bnand production
from 14 to 25 billion barrelsby 2035 inthe Above 2C scenarios for Mexico,
these demand scenarios range fro8v to $16bn barrels of cumulative
production in 2035with a tax take range &100-$2000bn. Similarly Above 2C
scenarios in Venezuela can lead to a tax take betv3£1® and $3,300bn and
production between 13 and®3bn barrels. This variatiofior a given global
demandislinked to fiscal regime sensitivities for these three producers, as well
as to the tax configuration in the rest of LAC. Argentina, Ecuador and Colombia
see a similar distribution to that observed for the top regional producers,
showing a correlation beteen production, demand level, and fiscal regime and
intensities; albeit at much lower levels of production and tax take
(SupplementaryFgure5).

The influence of fiscal regimes

To highlight the impact of fiscal regimes, FiguBeshows production ersus
governmenttaxtakein Brazil, Mexico, and Venezugikascenarios with no OPEC
guotas and 1.5°Cand Above 2Cdemands. The choiceof tax rates and regime
type have an impact on production dniax take, and therefore indicate possible
levers tomaximiserevenues particularly in cases of reduced demamdwever,
fiscalschemechoices may also decrease revenugs examplein Brazi] a high
rate underproduction sharingcontract, in the Above 2C demand caseould
increasethe revenue takaip to 30%at a production level that i20%lower than

the low rate case but an alternative low rate concessionary regime could
potentially halvethe current tax regimeevenue.ln the 1.5C denand case, the
difference in cumulative tax take between the current rate case and its low and
high rate variants is smaller, but following a similar pattern to the Abcde 2
demand case; higher tax rate scenarios shtd¥% less cumulative production
than low rate ones but with higher tax take
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Figure5. Cumulative tax takeand productionunder 1.5Cand Above 2Cdemandscenarios with
no OPEC quotas Brazil, Mexico and VenezuelaD162035.Each dot represents thieigh and low
tax ratesimulations with crosses representing current tax regime scena@msour denotes demand
case, colour shade thax ratescenarioThese simulatiors highlightthat tax take under current tax
regimes is nearly halved in 2& compared to Above°@ scenarios alternative tax regimess
revenue levers are natufficient to compensate loss@s cases of reduced demand.



With productionsharingcontracts the changen tax rates (doubling or halving

of profit oil sharehasless impacbn tax takeresulting in slightly higher revenue
in the higher taxrate scenariosdespite having, inmany cases, a reduced
production level.In comparison, wh concessionsa higher tax take can be
achieval, but also alower tax take at increased production levelBhese
differences are more significant in higher demand scenat@dsyegimes have
less impact on productioand tax take in lower demand case®verall, profit
sharing contracts appear tee more attractive across most scenarios, since they
can achieve competitive levels of revenue with less production.

Cumulative production and unusedreserves
Figure6ashowscumulativeproductionby country Theoutlook is dominated by
Brazi] Venezuela and Mexiowith between al0to 22 billion cumulative barred
median production A second set of midized producers includes Argentina,
Colombia, Ecuador and Peru, in th8 billion barresrange. All see largeinges

in potential cumulative production. Finally, smaller producers are those with a
cumulative production of less thaBO0 million barrels. Interestingly, dew
countries experience almost no production at, aticludingBarbados, Belize,
Costa Rica, Guatemala, Nicaragua, Paraguay and Uruguaye not presented
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Figure6. a) Cumulative production rangeper country under all demand casesand b) wused
reserve rangeboth for the period 20162035 Note that this plot eBmates the shares of unused 3P
reservesLarger producers are in the left panel plots, and smaller producers in the right panel plots.
The abbreviation T&T refers #inidad and Tobago.

Figure6b compares cumulative production witlBP reservegproved, probable

and possibleas of 2016 Supplementaryable }, to derive unused or unburned
reserves in 20351 except for Venezuela, most LAC producers exeloiting
most of their 2P reserves (proved and probable reserves) by 2035 in our
modelled scenariasNe find that66-81%of 3P reserves ihACare unburnable
excluding Venezuela which dominates, ttéingeis 16-56%

The range of estimates of unusecdeserves reflect the high uncertainty of
production over the next 20 year3 heyraise questions about prospect for use
after 2035, if and when climate targets wilset strongerlimits on oil demand.
Specific mierange producing countries such as Argeatand Ecuador show a
higher proportion of their resengused while some of the countries with much
larger reserves, notably Venezuela, have high shares of unused res8rires.
of the smaller producers, notably Chile, Peuyanaand Trinidad &Tobago
are particularly at riskiiven their relatively small reserve bageoduction costs
and apparent sensitivity to wider regional production patterns.

The challenge of future uncertainty for LAC oil producers

This analysis highlighthat LAC produers face tremendous uncertainty on
production and tax receipts returngver coming decadedriven by climate
policy and technological change reducing demand for oil, and by the production
output of major producers in OPEC. These uncertainties reinforeentassage
that all reservesmay not be bankable todaf89 they do not necessarily
translate into production, nor revenues to government. There is considerable
uncertainty as to whatfuture production levels might be; and therefore
planning taking account of this uncertainty is critical.

After 2035, with oil demand dropping to very low levels by the middle of the
century under the most ambitious climate scenarios, unuseskerveswill be
more difficult to exploit, as the global price of oil continues to fall. For some
countries, the range of estimates is very wigeay.Colombia Chile Trinidad and
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