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effects’

Alberto Americo, Jesse Johal and Christian Upper
Abstract

The energy transition will have profound and varying effects across the globe. We
assess how clean technologies are evolving — mainly wind, solar and electric vehicles
- and the challenges and opportunities the transition poses for fossil fuel and metals
and minerals producers in the short and long term. We describe the likely
macroeconomic consequences of the energy transition and identify the countries that
are most positively and negatively exposed. A small number of fossil fuel-producing
countries are likely to be severely hit. Meanwhile, a concentrated group of minerals
producers should experience large net benefits. Fuel importers — that is, most of the
world - should benefit to varying degrees.

Keywords: Energy transition, transition risks, macroeconomics.
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1. Introduction

The energy transition is well under way and accelerating. Wind and solar energy are
the cheapest sources of electricity in most of the world, renewable energy accounts
for nearly all global electrical capacity growth, electric vehicle (EV) adoption is rapidly
increasing and auto manufacturers are moving towards fully electric fleets
(International Energy Agency (IEA) (2023), International Renewable Energy
Association (IRENA) (2021)). These trends will be reinforced as technology improves
and the impacts of measures such as the US Inflation Reduction Act, the European
REPowerEU plan and China’s latest Five-Year Plan for Renewable Energy Development
begin to be felt. The increase in fossil energy prices after the Russian invasion of
Ukraine has likewise added a further impulse to the transition.

This paper seeks to provide a broad, qualitative overview of the energy transition
by bringing together research from a variety of disciplines — economics, finance,
energy systems and environmental science — to give a directional view of how the
transition may evolve in future. That is, it aims both to complement quantitative
macroeconomic scenarios, such as those outlined by the Network for Greening the
Financial System (NGFS), and to give a more targeted, sector-specific description than
is plausible in such large-scale macroeconomic models (NGFS (2022)). We hope this
paper can also serve as a launch point for future research that more narrowly focuses
on the specific aspects of the energy transition which researchers, policymakers and
investors typically focus on (eg quantifying its effects on inflation, trade flows and
financial flows).

When exploring the macroeconomic implications of the energy transition, we
find it convenient to focus on three types of country: (i) fossil fuel exporters, who will
see their main source of export and fiscal revenues severely eroded, forcing a shift to
a new growth model; (ii) fossil fuel importers, who will spend less on importing fuel
due to the abundance and geographical dispersion of clean energy resources; and
(iii) exporters of key metals and minerals, who are likely to benefit from a structurally
higher demand for their products and possibly from a new metals and minerals
supercycle. Of course, these groups are conceptual and actual countries may fall into
more than one of these buckets. Moreover, countries could have some regions falling
into one category and others falling into a different one. Still, we find this distinction
is a good starting point for an exploration of the macroeconomic effects of the energy
transition.

The transition may follow a variety of paths in the near-term. Constrained fossil
fuel investment could push up energy prices sharply for an extended period and
bottlenecks in metals and minerals markets could slow or raise the costs of the
transition. But the opposite scenario is equally conceivable; rapid adoption or faster
than expected improvement of clean technologies could push energy costs and fossil
fuel demand down faster than anticipated. Metals and minerals production
constraints could create a new commodity supercycle for the handful of countries
where accessible reserves and refining capacity are concentrated (eg Argentina,
Australia, Bolivia, Chile and Peru for reserves and China for refining).

The long-term picture may be as follows. Most of the world, particularly East and
South Asia, should benefit from replacing expensive, polluting, imported fossil fuel
with cheaper, cleaner, locally sourced energy. For major fossil fuel producers,
especially those in the Middle East and North Africa, the economic benefits of clean
energy will probably be overshadowed by the decline of existing energy sources.
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Producers of key metals and minerals (eg copper, lithium, rare earths) should see
amplified benefits, but the value of these exports will be substantially smaller than for
fossil fuels. Overall, economic activity should shift from fossil fuel producers and
towards energy importers and metals/minerals producers.

The next section surveys the evolution of and the outlook for clean technology
and fossil fuel markets. Section 3 discusses how the transition may manifest itself
macroeconomically (eg in growth, inflation, exchange rates and capital flows). Section
4 looks at how exposed different countries are to the transition. We conclude with a
discussion on the policy implications of the energy transition.

2. Evolution and outlook for energy markets

Renewables are cheap and usage is growing fast

Price declines and the adoption of wind and solar energy have far surpassed
expectations over the past decade (Graph 1).2 Measures of learning rates — the rate
at which technology costs decline for every doubling of capacity — cluster around 15%
for wind energy and 25% for solar energy.? The advantages of renewables should thus
only grow over the coming decades; applying the International Energy Agency's (IEA)
projections for electricity capacity in its three principal scenarios — the Stated Policies
Scenario (SPS), Sustainable Development Scenario (SDS) and Net Zero Scenario —
wind energy costs could fall by a further 17-29% by 2030 as compared with 2020,
while solar costs could fall by another 40-60%.

Clean energy is growing and improving far faster than expected Graph 1
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At a 16% annual price decline, solar energy costs fell by substantially more than assumed in several

thousand integrated assessment model (IAMs) projections (Way et al (2022)). The mean projection
was for a 2.6% annual decline and the highest forecast was 6%.

3 From 2010 to 2020, learning rates were much faster; 32% for wind energy and 39% for solar energy
(IRENA (2021)). Applying the IEA’s scenarios to these data implies that wind energy costs will fall by
35% to 65% by 2030 vis-a-vis 2020, while solar costs will fall by 59% to 79%.
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Declines in realised prices have already made renewable energy the cheapest
source of electricity in most of the world and thus the preferred choice for new
capacity (Graph 2, left-hand panel). Renewables’ share of newly added capacity
increased from just under 40% in 2010 to nearly 90% (IRENA (2022)). This share is
expected to increase to 95% of new investment by mid-decade (IEA (2021a)). This
rapid growth has pushed the share of renewables in global electricity generation from
around 20% in 2010 to almost 30% in 2022 (Graph 2, right-hand panel).

Renewables’ cheapness and abundance is increasing their usage

Graph 2
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A lack of transmission capacity could, however, impede the adoption of wind and
solar. Intermittency — because of a lack of local wind or sunshine that cannot be offset
by sunny or windy conditions elsewhere — may become a more binding constraint.
Yet if these issues are resolved, renewables could supply a large share of many
countries’ electricity demand; wind and solar could theoretically provide 72% to 91%
of major countries’ electricity needs (Tong et al (2021)).# Transmission and distribution
also create a floor on how low retail electricity costs can go; such costs account for
around a respective 13% and 31% of electricity costs in the United States (US Energy

Information Administration (EIA) (2021)),

Beyond transmission, other technologies (eg hydroelectricity, geothermal,
nuclear, batteries, hydrogen) and strategies (eg demand reduction and shifting) will
be needed to support variable sources of energy to ensure around-the-clock
reliability. In any case, as wind and solar power are still far from hitting even their
near-term saturation points, their rapid growth should increasingly eat away at fossil

fuel demand in the power sector.

4

It should be noted that, as these figures do not reflect siting constraints, nor do they necessarily

reflect the lowest-cost zero emissions grid, actual usage is likely to be lower. Nevertheless, these
issues highlight that a lack of sun or wind in a given country are not the main constraints facing the

adoption of wind and solar.
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Fossil fuel power is facing a massive challenge from renewables

While the use of coal and natural gas in electricity generation — still the two largest
sources of electricity supply globally — each hit record levels in 2021 and 2022, the
rapid advance of renewables should put huge pressure on them over the next decade
and beyond. Growth in fossil fuel electricity generation is slowing while renewable
generation continues to grow rapidly (Graph 3, left-hand panel). Investment in fossil
production and generation capacity has likewise been in a steady decline (Graph 3,
right-hand panel), implying that the existing stock of fossil fuel assets will
overwhelmingly be replaced by cleaner sources. Tightening policy around fossil fuel
use, strong policy support for clean technologies and the cost advantages of
renewables over existing capacity mean that large downside risks to fossil fuel
demand in the electricity sector cannot be discounted (IRENA (2021)).

Despite a post-pandemic rebound, the outlook for fossil fuel electricity is poor Graph 3
Electricity consumption growth by fuel type’ Coal and gas supply and generation investment?
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Croatia, Cyprus, Malta and Romania; EMEs = All other countries not included in the advanced economies regional grouping, China included.

Sources: IEA; BP; EMBER; Global Energy Monitor; authors’ calculations.

Renewables pose a more immediate threat to coal than to gas. Indeed, electricity
accounts for around two thirds of global coal demand and demand challenges are
already apparent. After decades of steady growth, global coal consumption has been
flat since 2014. Coal's share of global electricity production has fallen from its 2011
peak of 41% to 36% in 2022 and would probably have been even lower if not for the
unexpectedly strong rebound in energy demand in the aftermath of the pandemic
and the effects of the war in Ukraine on energy prices (Ember (2023)). Global coal
capacity additions are also on a steady downward trend (Global Energy Monitor
(2022)). And coal financing costs have increased sharply, pointing to growing
stigmatisation and poor growth prospects (Zhou et al (2021)).

Natural gas has more diversified range of uses, which should help to sustain
demand over a longer period. For instance, electricity generation accounts for only
40% of natural gas demand, compared with 65% for coal. Moreover, gas is less
polluting, its capital stock is newer and it has quicker start-up times. The latter factor
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makes it suitable for meeting peaks in electricity demand. It is also the largest source
of heating across the world (IEA (2022)). Meanwhile, viable alternatives (eg heat
pumps) are only just being rolled out at scale or are still years from being
commercially competitive (eg hydrogen). Natural gas also remains a major input in
some hard-to-abate industrial processes (eg production of glass, fertiliser and other
petrochemicals). However, high natural gas prices and aggressive moves by European
countries to wean themselves off Russian supplies could accelerate the transition.

The electrification of transport is accelerating

The EV market, although less advanced than the market for renewable energy, is also
growing rapidly (Graph 4, left-hand panel). The EV share in new sales has grown from
around 1% in 2015 to more than 13% in 2022 as major hindrances to widespread
adoption such as driving range and input costs have declined (Graph 4, centre and
right-hand panels). And this rapid adoption is not limited to the conventional
passenger market; two/three-wheel vehicles, bus, van and semi-truck markets are
also seeing sharp growth.> These trends should continue as new manufacturers
expand and legacy auto manufacturers shift to the mass production of EVs, which
should in turn eventually eliminate the upfront cost competitiveness of internal
combustion engine (ICE) vehicles.®

EV choice and quality are improving rapidly and wider adoption is following Graph 4
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Sources: Ziegler and Trancik (2021); IEA; US Department of Energy; US Environmental Protection Agency; EV volumes; authors' calculations.

Electric buses and electric two-/three-wheel vehicles accounted for 44% and 42% of sales,
respectively, in their categories (Bloomberg New Energy Finance (2022)).

Battery prices have a learning rate of 20% (Ziegler and Trancik (2021)). Using IEA’s Stated Policies
Scenario, battery costs could fall by around 55% to around $60/kWh by 2030, which would be well
below the $100/kWh needed to achieve upfront cost party with ICE vehicles.

8 BIS Papers No 135



Electrified transport will put pressure on oil demand

The recurring and volatile costs associated with ICE vehicles relative to EVs makes the
outlook for oil demand very challenging. As the operating costs of EVs are well below
those of ICE engines (Graph 5, left-hand panel), consumers will have less and less
reason to keep buying ICE vehicles. EVs also serve as a permanent hedge against
fossil fuel price volatility; electricity prices vary far less than fossil fuel prices (Graph 5,
centre panel).”

Meanwhile, several jurisdictions (eg California, Canada, Japan) and auto
manufacturers (eg General Motors, Volvo, VW Group) intend that 100% of their
vehicle sales will be zero emission by 2035. If applied worldwide, this could lead to oil
demand peaking within a decade (Graph 5, right-hand panel). And electrification is
already displacing significant amounts of oil. EVs across all classes are reducing oil
demand by around 1.5 million barrels a day (Bloomberg New Energy Finance (2022))
— roughly equivalent to the daily consumption of France — while global oil demand
was around 101 million barrels a day (EIA (2023)).

EVs are cheaper to operate, have less volatile costs and should erode oil demand Graph 5

Operating costs by drivetrain Energy price volatility Oil demand by scenario®
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(CPI). 4 From January 1997 to November 2022. > Assumptions: average LDVs consume 6.5 barrels of oil/year; lifespan of LDV vehicle
equals 15 years; total LDV sales equal 95 million vehicles a year; total LDV stock equals 1.4 billion vehicles. EV scenarios: high (low) adoption
equals 20% (10%) annual growth rates until market saturation. Normal oil growth is defined as 1.2% growth rate a year for non-gasoline
demand (2009-19 average) while slow oil growth is defined as a growth rate of 0.6% a year.

Sources: |EA; Eurostat; Fred; authors’ calculations.

! The lower volatility of electricity prices is due primarily to how electricity markets are regulated; end-
user prices are typically set based on the seasonal cost of providing electricity, meaning that short-
term fluctuations are smoothed out by the time they reach end consumers. Another factor is that a
significant share of electricity prices (~40-50%) is based on the fixed costs (ie transmission and
distribution), which do not fluctuate rapidly.
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Other sources of oil demand (eg long-distance shipping, jet travel,
petrochemicals) could offset the effects of electrification. However, historical non-
gasoline growth implies that demand may still be less than what is expected by
producing nations, while slower growth implies large and growing absolute declines
in oil demand.

Also, it may be challenging to achieve even historical growth rates for non-
gasoline demand. Electrification is accelerating in segments where diesel fuel is
currently used, such as short- and middle-distance freight and transportation.
Regulatory stringency on the usage of petrochemicals is increasing for climate and
non-climate reasons (eg single-use plastic bans), which is likely to supress demand.
Meanwhile, better-than-expected technological progress and adoption is an ongoing
risk to all demand for fossil fuels.

The supply response from oil producers adds further complications to the
outlook. Prices could increase sharply if producers continue to hold back on
investment and if clean technologies were not to scale sufficiently. On the other hand,
once peak oil demand is reached and a permanent decline becomes apparent, oil
producers’ incentives may change rapidly and induce a permanent price decline
(Mercure et al (2021)). Oil producers would be incentivised to produce more oil in the
near term to extract maximum value from their reserves, rather than hold back
production and eventually be stuck with reserves that are worth less. And given the
abundance of oil available in the world — proven reserves amount to 54 years of
current production (BP (2021)) — there are strong incentives for oil producers to
eventually do this.

These scenarios could occur sequentially as well. A boom in fossil fuel prices
could help accelerate the energy transition by increasing the relative price of
traditional energy to clean energy, which would set the stage for an eventual crash
once sufficient clean capacity is in place. A similar evolution occurred during and after
the 1970s oil crises; the fuel economy of new light vehicles in the United States
increased from 13.1 miles per gallon in 1975 to 21.3 miles per gallon in 1985 (Davis
and Boundy (2022)). These technological improvements, alongside production from
new oil fields, led to a 70% decline in the price of oil from 1981 to 1986 and a low oil
price environment which persisted for almost two decades.

Given this high degree of uncertainty and the delicate equilibrium in which oil
markets operate, large and sudden price adjustments in oil markets, both upwards
and downwards, cannot be ruled out. The 2014 oil price crash occurred while oil
demand was growing. Yet a widening of the supply and demand imbalance of less
than 2 million barrels a day helped push prices down by approximately 70%
(Baumeister and Kilian (2016)). Conversely, even though oil demand has barely
recovered to its pre-pandemic levels, lower investment and the invasion of Ukraine
by Russia helped push prices up by a similar magnitude.

The transition may create a metals and minerals supercycle

Just as fossil fuels may see massive downward pressure on demand in the next decade
or so, the expansion of renewable energy and the electrification of transportation will
require a massive expansion of the supply of minerals such as copper, lithium, cobalt
and rare earths. For example, copper supply may need to increase by 20% over the
next decade, cobalt and graphite supply may need to triple and lithium supply may
need to quintuple under the IEA’'s Sustainable Development Scenario (Graph 6, left-
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hand panel). And tightness and volatility in these markets is already apparent; prices
generally remain above their historical levels even after the recent easing of extreme
price increases of the past few years (Graph 6, centre panel).

Metals and mineral markets may be tight for a while Graph 6
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Sources: IEA; IEF; USGS; Datastream; PwC; authors’ calculations.

Relatedly, supply bottlenecks could slow the pace of the energy transition and
set the stage for a metals and minerals supercycle. The speed with which mining
projects can come online should be a major determinant of how prices and supply
evolve; lithium mines can take around half a decade to see production, while nickel
and copper can take over a decade (IEA (2021b)). These lag times, insufficient prior
investment and likely demand growth suggest that a potential long-term boom in
mineral prices is plausible if not likely.

A metals and minerals supercycle may also set the stage for an eventual crash.
All these metals and minerals are abundant, but a lack of previous investment and/or
insufficiently high prices have impeded their development. Persistently high prices
will help the development of currently less viable supplies (eg lithium deposits in
Canada, Germany and Mexico), much as the previous commodity boom facilitated
the development of the Canadian sands and US shale oil. And relatedly, mining
investment has been increasing for several years — even as oil investment was much
slower to rebound — suggesting that new supply should increasingly come online
(Graph 6, right-hand panel). Finally, these aggregated figures probably understate the
level of metals and minerals mining taking place given the concurrent decline in coal
mining capital expenditure.

Similarly, scarcity will create powerful incentives to economise on key materials,
as can be seen by the sharp drops in cobalt usage in EV batteries (McKerracher
(2022)). EV manufacturers are moving away from older battery chemistries, which
were heavily reliant on cobalt, to newer chemistries (eg lithium-iron phosphate) that
contain no cobalt at all. Similarly, battery manufacturers are starting to produce
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batteries that replace relatively scarce lithium with far more abundant sodium
(Crownhart (2023)). In other words, technological progress may mean that metals and
mineral constraints may be weaker than currently expected.

In the very long term (ie after the next 20 years), steady-state demand for these
products will probably follow a very different pattern than for fossil fuels. Whereas
fossil fuels are continuously extracted and used and cannot be recycled, a large
proportion of future metals and minerals demand should be front-loaded as new
technologies are adopted and supporting infrastructure is built out. Subsequent
demand for these minerals is likely to come just from what is needed to operate,
maintain and expand the energy system. However, given the scale of change implied
by the energy transition, this boom in the quantities demanded for metals and
minerals — if not necessarily for their prices — could last for decades.

3. Macroeconomic and financial effects of the transition

The energy transition will have massive effects across the globe

Even though clean technologies are environmentally and economically superior to
their traditional counterparts, the transition path to a more sustainable future is highly
uncertain. A faster transition could depress prices for both clean technologies and
traditional energy, while a slower transition could instead push energy prices up as
fossil fuel supply is constrained before sufficient clean energy supplies come on
stream. Longer-term, the trajectory is more apparent. The falling costs of clean
energy, its relative cost superiority to their traditional counterparts and reduced
demand for fossil fuels should all combine to push energy prices downwards.®

In this section, we will discuss the likely macroeconomic effects of the energy
transition across three broad classifications of countries: fossil fuel exporters, fossil
fuel importers and metals and minerals exporters. We will assess these primarily
through the lens of a trade shock but will also discuss how these shocks translate into
broader macroeconomic effects.

We also distinguish between the highly uncertain transition phase, for which we
will discuss different scenarios, and the eventual steady state. Note that countries can
fall into more than one category (eg as a fossil fuel importer and metals and minerals
producer). They can also be fossil fuel importers in one region and producers in
another, although for simplicity we will mostly focus on the effect at a net national
level. To support this conceptual, qualitative analysis, we will look at case studies of
representative countries during previous commodity booms and busts.

8 For brevity, we do not evaluate the economic effects of reduced air pollution that would be associated

with the energy transition. However, these effects should be substantial, particularly in many lower-
income countries. Indoor and outdoor air pollution has been estimated to kill 6.7-8.8 million people
prematurely each year worldwide (Roser and Ritchie (2021)). Meanwhile, the global costs of air
pollution have been estimated at 6-14% of global GDP (World Bank (2022), IRENA (2016)).

12 BIS Papers No 135



Effects on fossil fuel exporters

Transition phase

A rapid transition would be highly disruptive to fossil fuel producers — although the
degree will depend on their pre-existing economic diversity — and would probably be
felt first through a negative terms of trade shock. A rapid price decline due to lower-
than-expected oil demand would obviously put severe pressure on fossil fuel
producers’ current accounts, thus creating balance of payments and/or exchange rate
challenges. Similarly, a shock would pressure fiscal accounts and hinder governments
in their attempts to respond. These issues were particularly apparent in Russia
following the effects of sanctions imposed on it after its invasion of Ukraine.

Furthermore, worsening prospects for fossil fuels would place pressure on
investment, thus cutting off a key growth channel. These issues may also be
aggravated by financial stresses; commodity price crashes are typically associated
with rising non-performing loans and bank funding costs in commodity-producing
countries (Kinda et al (2016)).

These effects can be observed in the experience of oil producers following the
2014 oil price crash. Many fossil fuel producers saw a collapse in their current account
(Graph 7, left-hand panel), which in turn depleted their foreign reserves and sharply
increased public debt levels (centre and right-hand panels). The shock of the oil price
crash significantly raised the risk premium in affected countries and constrained
policy responses as the shock hit as well (Bouri et al (2020)).

The 2014 oil price crash had major macroeconomic impacts on producers Graph 7
Current account balance FX reserves Government debt to GDP
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Sources: IMF; Bloomberg; Datastream; BIS; authors’ calculations.

However, as may be the case now, if capital pulls back from the sector faster than
actual demand for fossil fuels falls, existing and low-cost producers — particularly
those which are state-owned, low-cost and/or less sensitive to investor pressures —
could see one final windfall. This windfall would have essentially the opposite effects
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of the rapid transition that was just described and could buy affected countries’
additional time to deal with the transition.

Steady state

The steady state for fossil fuel producers will be dependent on their existing economic
structures and policy choices made well before the transition becomes
macroeconomically relevant. In the absence of reforms to diversify their economies
and tax bases, undiversified producers may see major threats to their fiscal
sustainability and balance of payments. And given the scale of the potential impact
from the transition, even countries with substantial savings could see these funds
erode quickly away.

Some oil and gas producers, particularly the more diversified producers, may see
only a shift in economic activity. Weaker exchange rates, less competition for highly
skilled workers and lower wage pressures could make certain industries and regions
more competitive and set the stage for new forms of development. And the reduced
availability of fossil fuel revenues may force governments and industry to orient
themselves towards different economic models.

And while direct fossil fuel employment typically accounts for a relatively small
share of the overall labour force, there could be noticeable effects on a regional level.
Workers in fossil fuel production or in fossil fuel-producing regions will probably need
time to move to other sectors or parts of their countries. Relatedly, fossil fuel-
producing regions could see long-term weakness even as other regions of the
country prosper and workers move on. Also, the relatively high pay of oil and gas jobs
mean that displaced workers may never find equally lucrative jobs.

Effects on fossil fuel importers

Transition phase

Whatever the experience of fossil fuel exporters, importers — particularly those in
lower income countries — will experience the inverse. If fossil fuel supplies are tight
and the transition lags, fossil fuel importers could see worsening terms of trade,
current account balances, exchange rates and inflation; essentially, importers would
experience a negative supply shock to their economies. This would probably flow
through to the broader economy through lower investment and consumption. And
in many cases, it would worsen fiscal balances both through slower growth and the
direct effects of rising energy subsidies.

However, if the energy transition moves faster and fossil fuel demand is thus
lower than expected, importers could benefit twice over. A sharp fall in price fossil
fuel prices would act as a positive supply shock, benefiting importers’ current
accounts, fiscal balances, investment, consumption and inflation. Meanwhile, the
increased use of lower-cost domestic energy sources would reinforce these effects,
but on a permanent basis.

India’s experience during the previous commodity supercycle and the
subsequent bust supports these predictions. India’s current account went from being
roughly in balance prior to the sharp spike in oil prices from 2003 to being deeply
negative until the oil price crash in 2014 and close to balance thereafter (Graph 8,
left-hand panel). Inflation behaved likewise; a surge during the initial price boom was
followed by persistently elevated inflation during the high oil price period and then a
sudden decline after 2014 (centre panel). Consistent with this, the tightness of Indian
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financial conditions correlated strongly with oil prices over the period (right-hand

panel).

Economic and financial conditions in India are tightly linked to oil prices Graph 8
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Sources: OECD; Bloomberg; BIS; authors’ calculations.

However, two factors may dampen or delay the positive effects of the transition
described above. As mentioned earlier, constraints in some metals and minerals
markets are already an issue (IEA (2021b), Boer et al (2021)). The need to invest in new
infrastructure will also contribute significantly to the macroeconomic impact; some
estimates suggest that clean energy investment will need to increase from around
$1.4 trillion a year (1.3% of current global GDP) currently to around $4 trillion in 2030
(approximately 2.7% of forecast 2030 global GDP) to reach net zero by 2050 (IEA
(2021a)). This increase in investment demand may support growth but could also
create medium-term inflationary pressures (Schnabel (2022)).°

Whether these pressures actually manifest themselves will depend not only on
clean energy investment but on how energy spending (around 5% of global GDP) and
fossil fuel investment (approximately 1% of global GDP) evolve at same time. If clean
energy investment does reach these high levels, it is also highly likely that fossil fuel
spending and investment will fall sharply at the same time, thus reducing inflationary
pressures. Also, reduced healthcare costs and higher productivity from lower
pollution could further dampen the inflationary effects from increased energy
investment.

Steady state

In the long term, we expect the energy transition to deliver a positive supply shock to
the global economy. The cost trajectory of renewables and electrified transport, their

However, given the persistent underestimation of technological progress in most large-scale energy
system models, the level of financial investment needed to facilitate the transition may be less than
currently expected. This could occur if progress in clean technologies continues to exceed
expectations. Even the most optimistic scenarios used in most large-scale macroeconomic models
consistently underestimate the cost declines of clean technologies (Xiao et al (2021)).
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already lower operating costs and lower spending on natural resources should reduce
the price level from what it otherwise would be and generally weaken energy’s
influence on inflation and overall economic activity. The transition should lead to a
permanent improvement in the trade balances of importers as the advance of
renewables drives down energy costs and reduces fossil fuel imports. Reduced energy
costs and the easing of external constrains should, in turn, lead to higher domestic
consumption and a structural easing of financial conditions as a greater share of
domestic resources is held locally.

The energy transition may also make headline inflation less volatile since
electricity prices are less volatile than gasoline prices, the costs of cleaner
technologies are front-loaded and cost pressures for clean technology can be
amortised over time. A similar sequence of events followed the energy price shocks
of the 1970s; subsequent improvements in energy efficiency led to a permanent
decline in energy inflation pass-through to overall inflation in the United States (Clark
and Terry (2010)).

Effects on suppliers of metals and minerals

Transition phase

The energy transition will be clearly positive for producers of metals and minerals but
will present some challenges. Potential supply and demand mismatches in
commodities markets could shift the terms of trade sharply in favour of exporters
until sufficient supply comes online. The build-up of new mining capacity should
further support growth by increasing investment demand, while capital inflows
associated with the boom are likely to significantly ease financial conditions for a
while (Drechsel and Tenreyro (2018)).

These predictions are verified to some extent by the onset of the 2000s
commodity supercycle. As would be the case in a rapid energy transition, the
commodities supercycle was driven by a sharp increase in demand that outstripped
global capacity. This induced a massive and broad increase in commodity prices,
benefiting an array of commodity-exporting nations, including the world's two largest
copper producers, Peru and Chile. As these countries also stand to benefit from the
energy transition, they will be the focus of our discussion.

From January 2003 to April 2008, nominal copper prices quadrupled. At the same
time, the Peruvian sol and the Chilean peso appreciated by a respective 19% and 60%
vis-a-vis the US dollar (Graph 9, left-hand panel). Meanwhile, labour market
conditions also improved markedly; for example, real wages grew by 45% in Chile and
30% in Peru (centre panel). The commodity boom allowed each country to sharply
improve their fiscal position (right-hand panel). Finally, the supercycle also led to
sharp reductions in poverty in these countries and across Latin America more
generally (Balakrishnan and Toscani (2018)).
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The commodity supercycle was a major boom for Peru and Chile Graph 9
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Sources: IMF; Bloomberg; Datastream; BIS; authors’ calculations.

Steady state

For many countries, commodity booms can create a permanent dividend. Even after
the end of the commodity supercycle, Chile and Peru both retained most of the large
gains they reaped in terms of wage increases, labour market formalisation and
poverty reduction. That is, a well managed boom can contribute to a permanent
improvement in economic conditions for much of the population.

That said, there are some issues that metals and minerals producers may have to
confront in the long term. The real exchange rate and wage pressures that accompany
a boom could make some regions and industries less competitive — that is, they may
succumb to Dutch Disease (Corden (1984), Alberola and Benigno (2017)).
Furthermore, in the absence of effective budgeting strategies or improvement of
institutions, countries may also see more economic volatility due to a greater
dependence on volatile resource revenues.

Finally, fiscal and financial factors could aggravate the end of the boom,
particularly in lower- and middle-income countries. Fiscal spending and non-
commodity revenues tend to move procyclically with commodity prices (Bova et al
(2018)). Also, commodity exporters typically enjoy strong capital inflows and easier
financial conditions during the boom phase, but once the bust begins, they often
experience sudden stops. This brings to the surface underlying macroeconomic
imbalances, which are often caused by mistaken confidence in the boom’s durability.
As a result, emerging market economies (EMEs) are significantly more likely to
experience financial crises following a sustained commodity price boom (Reinhart and
Reinhart (2009)). But as the experience of Chile and Peru shows, sound policy can
mitigate many of these risks.
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4. Countries’ exposure to the transition

Spending on fossil fuels is likely to permanently fall over the coming decades while
metals and minerals spending should increase but to a far lesser degree (Graph 10,
left-hand panel). This owes largely to the fact that metals and minerals can be used
indefinitely once extracted, while fossil fuels are consumed once only and thus must
be extracted continuously. The energy transition will affect every country somewhat
differently for a range of reasons, including their resource endowments, institutional
quality and their macro-financial situations.

Given the lack of overlap between countries with large fossil fuel endowments
and those with large metal and mineral resources (Graph 10, centre and right-hand
panels), this shift implies a large shift in economic activity away from fossil fuel
producers and towards metals and minerals producers and an even larger shift away
from fossil fuel producers and towards energy importers. In this section we will assess
which countries are most exposed to the transition, both negatively and positively.'°

Potential winners and losers at first sight

Graph 10
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Fossil fuel exporters

A handful of countries are highly vulnerable to the eventual demise of the fossil fuel
industry. Algeria, Kuwait, Saudi Arabia and the United Arab Emirates stand out as

Due to issues around data availability, we focus most of our analysis on the impact on the countries
of Bank for International Settlements shareholders. However, there are numerous countries which are
even more exposed to the transition. Small island nations and many less developed nations are
heavily reliant on fossil fuel imports. Meanwhile a range of countries, particularly in the Middle East,
North Africa, Central Asia and South America, rely on fossil fuel exports to an even higher degree
than the countries highlighted here.
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being reliant on fossil fuel production (Graph 11, left-hand and centre panels).
However, these countries have large savings which can provide a buffer against the
transition, while others (eg Australia, Colombia and Russia) do not have this luxury.
Nevertheless, the former group’s higher reliance on fossil fuel exports means that
even their large savings could deplete rapidly. In any case, major fuel exporters,
regardless of their financial positions, should see current accounts, exchange rates
and inflation rates come under significant pressure as the transition proceeds.

The transition’s burden will be concentrated among a few fossil fuel producers Graph 11
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Other major fossil fuel producers should experience more localised disruptions.
The United States is the largest producer of oil and its sixth largest exporter, Canada
is the fourth largest producer and third largest exporter and Brazil is the ninth largest
producer and tenth largest exporter. However, as fossil fuel production accounts for
a relatively small proportion of activity in these countries, the macroeconomic impact
of the transition should be minimal at the national level. Also, because of their
economic diversity and the likely downward pressure on exchange rates, non-fossil
fuel activity should be able to absorb some of the impact as well.

The cost structure of the local fossil fuel production industry should also play an
important role as to when and how severely effects will manifest themselves in a
particular country. New Canadian and Russian production would likely be pulled back
first, while production in the Middle East should be the last affected. Also, important
to note is that continued cost reductions (Graph 11, right-hand panel), if they persist,
could allow oil production to be sustained longer than currently anticipated.

Finally, even though reliance on fossil fuels is the primary factor that will
determine how vulnerable a particular country is to the energy transition, the degree
of that exposure will be determined by a wide array of structural economic and
geographic factors. Some countries could use their abundant sun and/or wind
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resources to cut their high domestic consumption of fossil fuels, reduce domestic
energy costs and open new export markets. However, their ability to capitalise on
their natural endowments may be constrained by weak institutions or a lack of nearby
energy-hungry neighbours.

Fossil fuel exporters' relative exposure to the transition

Index Graph 12
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Sources: World Bank; IMF; Datastream; Solargis; ESMAP; Trucost; USGS; BIS; authors’ calculations.

Fossil fuel importers

As around 80% of the world population live in countries that are net importers of
fossil fuels (IRENA (2019)), the benefits of the transition will be spread out far more
then costs will be. Nevertheless, some countries will experience significantly larger
gains than others.

A diverse group of Asian economies are likely to get the greatest benefits from
the energy transition (Graph 13). India, Korea, Thailand and Vietnam stand out as
having the highest upside, while other large countries such as China, the Philippines
and Japan also should also expect a positive and significant impact. Specifically, the
transition should allow these economies to significantly improve their trade balances.
Asia’s high reliance on imported fossil fuels also gives these countries strong
incentives to switch away from fossil fuels, meaning that the hopes of fossil fuel
producers that these importing countries might support global demand for their
products may be somewhat misplaced.
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Asian economies should see the largest benefits from abandoning fossil fuels Graph 13
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Moreover, a country’s current reliance on fossil fuels, while important, is not the
only factor that will influence how much and how quickly it stands to gain from the
energy transition. Countries such as Germany, Japan and Korea are highly reliant on
fossil fuel imports but have lower renewable energy potential than most other
countries, suggesting that the energy transition could take longer there and/or they
will have to rely more on alternative sources of low-carbon energy. However, even
these countries may be able to get a substantial share of their electricity — between
75% and 80% — from wind and solar resources (Tong et al (2021)).

In contrast, India, Malaysia and the Philippines have abundant renewable
resources, meaning that replacing fossil fuel energy may be constrained primarily by
institutional capacity or higher capital costs. Some countries (eg Morocco) may be
able not only to reduce their reliance on fossil fuel imports but also to become net
energy exporters thanks to their abundant renewable energy resources and proximity
to major economic centres (Pearce (2023)).
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Fossil fuels importers’ relative exposure to the transition

Index Graph 14
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Suppliers of metals and minerals

Strong, long-term demand for metals and minerals should boost exports and growth
for producing countries. Some countries — Australia, Brazil and Chile — stand to gain
due to their large deposits of needed commodities (Graph 15, left-hand panel).
Meanwhile, others may benefit from the exploitation of a single product, such as
Bolivia from lithium, the Democratic Republic of Congo from cobalt, and Peru from
copper. In some countries, the effects of the energy transition could still be weak even
where large absolute reserves exist; for example, Mexico and the United States have
large and varied mineral reserves but, due to their economic diversity, will probably
see only limited macroeconomic benefits.
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Mineral reserves and refining capacity are concentrated in relatively few countries

In per cent Graph 15
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Minerals markets are far more concentrated than those of fossil fuels, especially
in refining capacity but still significantly so in terms of raw resources (Graph 15). China
is the largest refiner by a massive margin in each of the minerals already mentioned
and has particularly dominant positions in rare earths, cobalt and lithium. From the
perspective of its own energy transition, this suggests that China may be able to avoid
or moderate some supply constraints going forward.

However, recent announcements and funding measures in some countries (eg
Canada and the United States) to develop their own supply chains, separate from the
Chinese ones, suggest that this may not be the case permanently. Also, higher prices
could eventually make currently uneconomical resources worthwhile to develop in
different parts of the world, thus reducing any particular region’s long-term market
power. Nevertheless, the high concentration of these products relative to fossil fuels
may also mean that the geopolitics of the energy transition may be a complicating
factor as it progresses.
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Energy transition commodities exporters’ relative exposure to the transition
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Conclusion

The rapidly proceeding energy transition will have profound effects across the globe.
Eventual declines in fossil fuel demand pose major and acute threats to fossil fuel-
producing regions, while minerals producers should see an extended increase in
demand for their products. Meanwhile, most of the world should benefit significantly
from lower, less volatile energy prices and reduced air pollution.

The potential paths of the energy transition are extremely varied in the short and
medium terms. A disruptive path of high and volatile energy prices is plausible, but
so too is a path of sharp price declines and a rapid collapse in demand for fossil fuels.
As such, it would be worthwhile for all countries to immediately start building
resiliency and making the appropriate preparations.

Fossil fuel exporters can build buffers and embark on the structural reforms
needed to manage the long-term decline of their primary industries (eg transitioning
to a less volatile tax base or to market-based exchange rates). Fossil fuel importers,
particularly those in EMEs, can use the energy transition as an opportunity for
structural reform. By reducing barriers to the transition — whether regulatory or
financial — they can insulate themselves from volatile global energy markets, enhance
domestic energy security and improve public health.
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Metals and minerals producers can reform their budgeting practices to mitigate
increased exposure to volatile commodity prices, take measures to reduce potential
labour market displacement from higher exchange rates and modernise mining
regulations to ensure that economic development does not come at the cost of
environmental sustainability. Finally, in line with the repeated commitments of global
leaders (G20 (2022)), the international official sector should accelerate and sharply
increase the provision of accessible low-cost financing and technical assistance to
fast-track the transition in EMEs.

Despite the nearer-term uncertainty, the energy transition means that the world
will eventually see lower energy costs, better health and less pollution. However, while
the outlook is positive for most countries and the world, some people, regions and
countries may nevertheless be left behind. In other words, how potential future
abundance is shared globally could be a major issue in the years and decades ahead.

BIS Papers No 135 25



References

Alberola, E and G Benigno (2017): “Revisiting the commodity curse: a financial
perspective”, BIS Working Papers, no 609, February.

Alberola, E and R Sousa (2017): “Assessing fiscal policy through the lens of the
financial and commodity price cycles”, BIS Working Papers, no 638, May.

Balakrishnan, R and F Toscani (2018): “How the commodity boom helped tackle
poverty and inequality in Latin America”, IMF Blog, June.

Baumeister, C and L Killian (2016): “Forty years of oil price fluctuations: why the price
of oil may still surprise us”, Journal of Economic Perspectives, vol 30, no 1, pp 139-60.

Bloomberg New Energy Finance (2022): Electric Vehicle Outlook 2022.

Boer, L, A Pescatori and M Stuermer (2021): "Energy transition metals”, IMF Working
Papers, no 2021/243, October.

Bouri, E, | Kachacha and D Roubaud (2020): "Oil market conditions and sovereign risk
in MENA oil exporters and importers”, Energy Policy, vol 137.

Bova, E, P Medas and T Poghosyan (2018): “Macroeconomic stability in resource-rich
countries: the role of fiscal policy”, Journal of Banking and Financial Economics, vol 1,
no 9, May, pp 103-22.

BP (2021): Statistical Review of World Energy.

Clark, T and S Terry (2010): “Time variation in the inflation passthrough of energy
prices”, Journal of Money, Credit, and Banking, vol 42, no 7, pp 1419-33.

Corden, W (1984): "Booming sector and Dutch Disease economics: survey and
consolidation”, Oxford Economic Papers, vol 36, no 3, November, pp 359-80.

Crownhart, C (2023): “What's next for batteries”, MIT Technology Review, 4 January.

Davis, S and R Boundy (2022): Transportation Energy Data Book: Edition 40. Oak Ridge
National Laboratory.

Drechsel, T and S Tenreyro (2018): “Commodity booms and busts in emerging
economies”, Journal of International Economics, vol 112, May, pp 200-18.

EIA (2021): “Electricity explains — Factors affecting electricity prices”.

(2022): “Levelized costs of new generation resources”, Annual Energy Outlook
2022, March.

(2023): Short-Term Energy Outlook, May.
Ember (2023): Global Electricity Review 2023. April.

G20 (2022): G20 Bali Leaders’ Declaration, 15-16 November.
Global Energy Monitor (2023): Global Coal Plant Tracker, May.
IEA (2021a): Renewables 2021.

(2021b): “The role of critical minerals in clean energy transitions”, World Energy
Outlook 2021. October.

(2022): Heating, September.
(2023): Global EV Outlook 2023, April.

26 BIS Papers No 135



IRENA (2016): The True Cost of Fossil Fuels: Saving on the Externalities of Air Pollution
and Climate Change, May.

(2019): A New World: The Geopolitics of the Energy Transformation, January.

(2021): World Energy Transition Outlooks.

Kinda, T, M Mlachila and R Ouedraogo (2016): “Commodity price shocks and financial
sector fragility”, IMF Working Papers, no 16/12.

McKerracher, C (2022): “Electric car battery bottlenecks have a way of being worked
out”, Bloomberg, 23 August.

Mercure, J, P Salas, P Vercoulen, G Semieniuk, A Lam, H Pollitt, P Holden, N Vakilifard,
U Chewpreecha, N Edwards and J Vinuales (2021): “Reframing incentives for climate
policy action”, Nature Energy, vol 6, pp 1133-43.

Network for Greening the Financial System (NGFS) (2022): “Climate scenario analysis
by jurisdictions: initial findings and lessons”, 15 November.

Pearce, F (2023): “In scramble for clean energy, Europe Is turning to North Africa”,
YaleEnvironment360, 16 February.

Reinhart, C. and V Reinhart (2009): “Capital flow bonanzas: an encompassing view of
the past and present”, NBER International Seminar on Macroeconomics 2008, pp 9-62.

Roser, H and H Ritchie (2021): “Air pollution”, Our World in Data, January.

Schnabel, | (2022): “A new age of energy inflation: climateflation, fossilflation and
greenflation”, panel remarks at The ECB and its Watchers XXII Conference on
Monetary policy and climate change, Frankfurt, 17 March.

Tong, D, D Farnhan, L Duan, Q Zhang, N Lewis, K Caldeira and S Davis (2021):
"Geophysical constraints on the reliability of solar and wind power worldwide”, Nature
Communications, vol 12.

Way, R, M lves, P Mealy and J Farmer (2022): "Empirically grounded technology
forecasts and the energy transition”, Joule, vol 6, no 9, September, pp 2057-82.

World Bank. (2022): The Global Health Cost of PM2.5 Air Pollution: A Case for Action
Beyond 2021.

Xiao, M, T Junne, J Haas and M Klein (2021): “Plummeting costs of renewables — Are
energy scenarios lagging?”, Energy Strategy Reviews, vol 35, May.

Ziegler, M, and J Trancik (2021): “Re-examining rates of lithium-ion battery
technology improvement and cost decline”, Energy and Environmental Science, vol 14,
pp 1635-51.

Zhou X, C Wilson and B Caldecott (2021): “The energy transition and changing
financing costs”, Oxford Sustainable Finance Programme.

BIS Papers No 135 27



Previous volumes in this series

No
BIS Papers No 134

BIS Papers No 133
BIS Papers No 132

BIS Papers No 131

BIS Papers No 130

BIS Papers No 129

BIS Papers No 128

BIS Papers No 127

BIS Papers No 126

BIS Papers No 125

BIS Papers No 124

BIS Papers No 123
BIS Papers No 122

BIS Papers No 121

BIS Papers No 120

BIS Papers No 119

BIS Papers No 118

BIS Papers No 117

BIS Papers No 116

Title

Global tightening, banking stress and
market resilience in EMEs

The two-regime view of inflation

Information governance in sustainable
finance

Central banking after the pandemic:
challenges ahead

Pricing of climate risks in financial
markets: a summary of the literature

The role of non-bank financial
institutions in cross-border spillovers

Central bank digital currencies in Africa

Historical monetary and financial
statistics for policymakers: towards a
unified framework

Corporate digital identity: no silver
bullet, but a silver lining

Gaining momentum — Results of the
2021 BIS survey on central bank digital
currencies

The design of a data governance system
CBDCs in emerging market economies

The monetary-fiscal policy nexus in the
wake of the pandemic

Covid-19 and the monetary-fiscal policy
nexus in Africa

Virtual banking and beyond

Non-bank financial institutions and the
functioning of government bond
markets

A taxonomy of sustainable finance
taxonomies

Fintech and the digital transformation of
financial services: implications for market
structure and public policy

CBDCs beyond borders: results from a
survey of central banks

All volumes are available on the BIS website (www.bis.org).

Issue date

April 2023

March 2023
December 2022

December 2022

December 2022

December 2022

November 2022

September 2022

June 2022

May 2022

May 2022

April 2022
March 2022

February 2022

January 2022

November 2021

October 2021

July 2021

June 2021



	BIS Papers No 135
	The energy transition and its macroeconomic effects
	1. Introduction
	2. Evolution and outlook for energy markets
	Renewables are cheap and usage is growing fast
	Fossil fuel power is facing a massive challenge from renewables
	The electrification of transport is accelerating
	Electrified transport will put pressure on oil demand
	The transition may create a metals and minerals supercycle

	3. Macroeconomic and financial effects of the transition
	The energy transition will have massive effects across the globe
	Effects on fossil fuel exporters
	Transition phase
	Steady state

	Effects on fossil fuel importers
	Transition phase
	Steady state

	Effects on suppliers of metals and minerals
	Transition phase
	Steady state



	4. Countries’ exposure to the transition
	Fossil fuel exporters
	Fossil fuel importers
	Suppliers of metals and minerals

	Conclusion
	References
	Previous volumes in this series


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /SymbolMT
    /Wingdings-Regular
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


