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Foreword 3

Our fiduciary duty as capital allocators is to invest in the best interests of our
clients. To do so effectively, we thoroughly assess the many factors that affect
investments and the environment that investment decisions are made in. At
Vontobel, our aim is to map the true future of investing, helping ensure that we
allocate capital in the most effective way to achieve the best returns.

As this whitepaper, written by Dr Reto Cueni, our Chief Economist, so clearly
communicates, resources—and the quest for them—have a very strong
impact on the financial markets and the economy. All signs are that this is set
to continue, especially given current geopolitical concerns and, indeed, the
climate crisis we are facing.

While it is one thing to discuss macroeconomics in whitepapers at a high
level, raising all the important questions as we aim to future-proof investment
solutions, it is another to see the dynamics of geopolitics and markets playing
out on a daily basis.

Within our six investment boutiques we see understanding the fight for
resources taking place across the globe as part of our work, and we share
here some examples of the realpolitik of resources and investing. This paper
lays out the state of the world’s resources, what that means for the future and
how investors should be thinking about resources to maximize their
investment success.

Christel Rendu de Lint, PhD.
Head of Investments, Vontobel
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Executive summary

What’s important now?

What will matter in the future?

The need for and availability of resources can
change drastically over time and are one of the
main drivers of geopolitics (Criekemans 2021).
Access to resources defines a nation’s
capability to survive, to keep, or to increase its
living standards and limits its geopolitical
sphere of influence.

For example, the shale oil revolution in the US
enabled the country to become an energy
exporter after 2020, having been a heavy energy
importer in the decades before, triggering
significant changes in US national security
strategy and its focus in international relations
(Butts 2015, Krane & Medlock 2018).

Similarly, Russia’s invasion of Ukraine stoked
Europe’s ambition to finally implement its green
transition in a quest to become more energy
independent. This shift in strategy will lead to
an increase in Europe’s resource needs in other
dimensions, such as minerals and metals
(European Commission 2022).

This paper examines which resources are
currently of geopolitical importance, which
countries and regions have access to these
resources, and how this system might shift
over the next few decades, affecting and being
affected by geopolitical considerations that
impact the prices of resources and, hence,
financial markets and investing.

To support you in navigating the situation and
understanding the importance of the quest for
resources, we both begin and end with a
summary, designed to connect the dots for
investors. And, as Christel mentions in her
foreword, we include case studies from our
investment boutiques to provide real-life examples
from the daily work of our investment teams.

Seeking to future-proof investing requires an
understanding of the world we operate in today
and will inherit tomorrow. And resources, quite
literally, shape that world.

“The story of resources is
the story of investing.”

Reto Cueni, PhD, Vontobel Chief Economist




Scarcity is here to stay

Resource scarcity will remain a key topic in
geopolitics, substantially affecting financial
markets and investing as geopolitical
considerations disrupt economic principles of
supply and demand.

Fault lines and the importance of global trade
Current complexities in global trade—built up
over more than six decades—cannot be
reversed quickly, thus globalization, although
likely to have found a peak, is here to stay. Even
the biggest countries must currently rely
strongly on trade to secure access to vital
resources for many industrial sectors of their
economies. This dampens a fast break-up of
fault lines as long as countries are aware of the
economic risks that a stop in trade relations
would entail.

Pricing pressures

However, trade partners will likely pay more
attention to trading with geopolitical allies and
this will lead to economic inefficiencies and
elevated underlying price pressure for resources,
since theses may no longer be accessed where
they can be produced most cheaply.

Multipolarity: the rise of ‘swing states’ ...
Despite the current geopolitical leadership
struggle between the US and China likely
leading to a bipolar gravity, the distribution of
resources and trade around the globe suggests
that multipolarity will gain strength in the
geopolitical power game.

Resource-rich ‘swing states’ will be able to
leverage their assets under geostrategic
alliances that can change quickly leading to a
volatile geopolitical environment.

... and of proxy wars

This multipolarity with bi-polar gravity is set to
lead to more proxy wars, particularly in
resource-rich states that have weak
governmental structures or are already
hampered by intra-state conflicts—further
increasing geopolitical uncertainty while
leading to increased volatility in commodity
markets and other resource-prone sectors of
the economy.

Executive summary 5

Know-how: The resource to rule them all

From a resource point of view, the US, and its
allies—including their military cooperation in
the NATO—appear to still be in a good
position, endowed with a solid set of resources,
more ample than that of China.

On top of that, the West is globally still master
of the development of know-how—the
resource that rules all other resources. It is
difficult to proxy know-how with numbers but
it seems China is catching up, although still
significantly distant from the West. Its potential
geopolitical allies like Russia or Iran are even
further behind.

Minerals and fossil fuel are needed for the
green transition

The quest of many developed countries is to
achieve a green transition and induce lower
energy dependency from oil-exporting
countries—the EU’s aim to get rid of Russian
energy being a case in point. However, a key
element to understand is that such transitions
will lead to a higher dependency on mineral-
exporting countries, at least during the
transitional period, which may take several
decades.

During this period, fossil energy sources will
still be in heavy demand and can only slowly be
reduced, as renewable energy sources must
first be built and installed, employing
significant amounts of fossil energy.

Active investment captures the opportunity
The expected geopolitical multi-polarity we
outline here—with its volatile alliances, friend-
shoring strategies and investment programs to
support the green transition and renewable
energies—may lead to some distortion in the
economic models of supply and demand
usually used by investors to price resources
and linked assets.

Capturing and harnessing the opportunities
presented in such a complex, geopolitically
driven environment is ideal ground for the
expertise and flexibility of active investing.
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Why should
investors care

about resource
scarcity and
geopolitics?

Global demand for the extraction of raw
materials seems, if anything, to be growing over
the century. Figure 1 highlights the demand
placed on resources as extraction is expected
to increase at an accelerated rate. The
developed world has traditionally been the
biggest consumer of raw materials; however
emerging markets are catching up quickly.

Competition for resources leads to scarcity,
and population growth is a key driver here. By
the end of this century, the world’s population
is expected to grow from eight to more than
ten billion, according to the United Nations.
And, while annual world population growth
rates are on a downward trend—from a high of
2.3% in the 1960s baby boomer years, to the
current level of 1%, to an expected level below
zero by 2100—emerging economies are
expected to consume a greater amount of
resources as their living standards improve.

Some of these emerging economies will
increase their population on an absolute level
even until the end of this century and also
increase their share of the world’s population
during the next decades—in contrast to almost
all developed economies, which will see their
populations decline (United Nations 2019).

As figure 1 shows, the OECD and UN are
among those predicting that the consumption
of materials globally will continue to increase in
the decades ahead, which does not speak for
any relaxation of the resource scarcity issues
we currently face on the planet.

Figure 1: Global material extraction (including fossil

energy carriers) is set to increase further
Billions of tonnes per year
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UNEP/Schandl et al. 2016
M Lutz and Giljum 2009
B UNEP/Bringezu et al. 2017

= Krausmann et al. 2009
Bl Krausmann et al. 2016
20th-century rate projected

Note: The 20th-century rate was projected by extrapolating the global material extraction
between 1900 and 2000 as estimated by Krausmann et al. (2009/2016), forecasts based
on external analysis; not guaranteed; and actual outcomes may differ materially.

Source: See the legend of the figure, e.g. OECD, UNEP, Krasusmann et al.
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Scarcity and geopolitics Figure 3: Higher geopolitical uncertainty since 2007 GFC
Scarcity and geopolitics are inextricably linked Index points

to modern-day resources, and so is investing.
Resources only get a price when there is
scarcity, and the interplay of demand and
supply in defining the scarcity of a resource is
key to economic models and investment
decisions (Robbins 1932, Backhouse &
Medema 2009).

Scarcity is investors’ bread and butter.
Investors are expertly able to gauge resource
and raw material prices when the economic 0
principles of supply and demand are at work. 1997 2001 2005 2009 2013 2017 2021
They have economic models at their disposal to Source: Economic Policy Uncertainty Index (2022).

estimate prices depending on current and future

scarcity and the cost to produce, ship, and trade.

International trade relative to economic activity

Distribution of resources plays an important has stagnated since 2008 when the world has
role. A resource that is not scarce on a global experienced an increase in global economic
scale can nevertheless mean that there is uncertainty after the GFC (see figure 3). It is no
‘regional scarcity’. That is why trade is so surprise that particularly during periods of
important—between people, companies and major wars, when uncertainty reaches a

countries—and why investors embedded trade ~ maximum, global trade decreased most

in their models. If a resource can be mined and strongly, as can be seen during the two world

produced cheaper in another part of the world,  wars (see figure 2).

investors expect companies to adapt their

sourcing of that resource to improve costs. Higher geopolitical uncertainty today raises
investors’ fears that geopolitics dictates

For decades now, investors have lived in sucha  decisions on access to resources (trade

world where economic efficiency was restrictions and other state interventions),
increasing and constituted the guiding leading to flawed or completely out-of-sync
principle of international relations. This was a price mechanisms that mean investors struggle
result of the reduction of global trade barriers to gauge the true price of that resource.

since the 1970s and the inclusion of China in Therefore, it is important for investors to

the global trade system in the 1980s. Global consider the current and future position of
trade reached an all-time high just before the global natural resources and raw materials,
start of the global financial crisis (GFC) in 2008 including worldwide access and the trade

(see figure 2). The maxim of ever more global environment for resources impacted by the
trade and continuously increasing global geopolitical environment.

economic efficiency will be challenged by
major geopolitical forces.

Figure 2: Globaliization is slowing down
Trade Openness Index

1980 - 2008
Liberalization

1870-1914

1945 -1980

10 -+ Industrialization Postwar rebound

and integration 1914 - 1945
Interwar era
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Note: The Trade Openness Index is defined as the sum of world exports and imports divided by world GDP. 1870 to 1949 data are from Klasing and Milionis (2014);
1950 to 1969 data are from Penn World Tables (10.0); 1970 to 2021 data are from the World Bank. Source: PIIE (2022), Our World in Data, World Bank (2023), Vontobel.
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of conflicts are linked to
natural resources.

Resource scarcity increases

geopolitical uncertainty

The most likely trigger for resource-related
conflicts—be that an international dispute
between states, or, more often, a civil conflict
between different political, ethnic or
geographic factions—is the scarcity (or
potential scarcity) of the fundamental
resources that are required for survival. In fact,
40% of conflicts are linked to natural
resources, according to the UN. Investors and
politicians alike need to be concerned about
resources because access to them is required
to prevent social unrest and political turmoil
within a country but also between nations.

A recent IMF study highlights the detrimental
impact of resource scarcity leading to a
substantial price increase for water, food and
energy on the political stability within a country
but also on an international scale (Redl &
Hlatshwayo 2021). Therefore, it’s government
leaders’ first priority to maintain uninterrupted
access to vital resources and to ensure prices
for basic household needs are kept low.

Any scarcity of such basic resources will
immediately trigger social unrest and

political turmoil.

Aside from this first set of vital resources,
substantial changes to a country’s resources
needed for economic security and prosperity
have likewise the potential to result in social
unrest also impacting political stability, the
government in power, and the country’s elite.
Usually, the population expects a current
economic functioning and living standards to
be maintained, at a minimum. Yet, particularly in
developing countries, maintaining living
standards is not enough and living standards
that cease to keep up with an expected trend
can trigger upheavals.

Of course, this second set of resources linked to
economic security and well-being incorporates
the first set of vital resources, but in a country with
a high living standard, food is typically abundant
and luxuriant, apartments do not just provide
shelter and access to drinking water isn’t a
question. Additionally, more special materials and
metals come into play, which are needed to
provide us with today’s advanced technologies.
Higher living standards are also linked to higher
energy consumption, as not only more complex
goods are consumed but also a lot of energy-
intensive services.

On the other hand, what do leaders need to
achieve their geopolitical goals? Here, a third set
of resources represent a means to demonstrate
strength and power, benefiting domestic
companies and citizens, and a gateway to
implementing their vision on the geopolitical
stage. Resources also pose a hard limit to leaders’
preferences and ambitions, determining the
possibility space in which a nation’s geopolitics
can operate. (Mearsheimer 2001, Papic 2020).

Again, in this third set of resources, the other two
sets are partially included, and technology, which
is a combination of know-how and all other
resources, plays an even more important role in
the geopolitical power game than for economic
security and prosperity. The response time to
scarcity in this third set of resources is usually
protracted—besides in emergencies concerning
the national security of a country—because it
often involves long-term strategic power plays.

7



Trade as the gateway for geopolitics

Why should investors care about resource scarcity and geopolitics?

A geopolitical framework of resources

These three key groups of resources translate into a tripartite
geopolitical framework for governments:

Level 1: Vital resources

Scarcity in resources needed to survive.
Immediate reaction.

Scarcity in the set of resources that a population needs to survive immediately triggers
social unrest and geopolitical actions. This set usually includes air, water, food and
(heated/ cooled) shelter (including also some form of energy).

Level 2: Resources for economic security and prosperity

Scarcity in resources needed to maintain economic security and prosperity.
Response time varies from fast to slow.

Scarcity in this second set of resources, those that help countries to keep their economies
running and prosper, usually triggers social unrest and geopolitical actions by the
government. Yet the response time ranges from immediately, in the case of an economic
security emergency, to protracted, in the case of slowly withering economic prosperity.

Level 3: Resources for geopolitical aspirations

Scarcity in resources needed for a country’s geopolitical aspirations.
Response time varies from emergencies to long-term strategic moves.

Scarcity of resources that endanger the geopolitical aspirations of leaders and
populations can trigger social unrest and harsh government actions but the
response time varies from national security emergencies to slowly evolving long-
term strategic power plays, where the response time tends to be gradual.

9



10 The quest for resources

Trade as the gateway for geopolitics

The importance of the trade of resources
becomes evident in the context of geopolitics.
This is simply because trade exhibits a
dependency of two trading partners and
identifies the leverage that the partners have,
and which traded resources could be used as
a pawn in any geopolitical power game.

Given how intertwined and complex supply
chains have become, it is needless to say that
trade is sensitive to geopolitical tensions and
conflicts, while resources play a key role in
every geopolitical power game. Humans have
always fought and competed over resources
and nations are often split into groups as allies
and enemies (bloc formations) in times of war.
This can quickly result in a resource becoming
scarce if previous trading partners break off
their trade relations or if access to a resource is
suddenly lost (see, for example, the dispute
over ‘rare earth exports’ between China and
Japan, later in this paper on page 39).

Due to energy’s facilitating nature, for example,
and the geographic imbalance of resources, it
is not a surprise that energy in the form of fossil
fuels remains the most heavily traded material
(in terms of volumes, see figure 4). Thus, any
country that must import a lot of energy is
vulnerable from a geopolitical point of view and
faces the challenge of securing the energy it
requires for its economy and its population and
maintaining or developing a capable nation,
which includes military and political strength.

This necessitates networking and establishing
political alliances to ensure a country is
capable of securing future resources. As the
Center for a New American Security (CNAS)
stated in a report: “The [...] access to fossil
fuels influences US relations with key supplier
nations around the world—Russia, Saudi
Arabia, Iran, and major consumer nations such
as China.” (Parthemore & Rogers 2010, p. 25).

Figure 4 below shows that the second-most
traded goods are metals and minerals, which
mostly belong to level 2 and 3 of our
framework, as they are key to retaining or
improving our living standards and for
technological aspirations, as well as for national
security.

Last but not least, agricultural goods trade is
also key when it comes to geopolitics and we
need to dig deeper here to filter out which
nations are depending substantially on food
trade (and on the fertilizers to produce food).

Figure 4: The global economy trades mostly fossil fuels followed by metals and minerals

Billion of tonnes
12

2000

2002 2004

W Fossil fuels Metals and minerals

2006

Agricultural products

2008 2010 2012 2014

Forestry products M Fertilizers

Note: Traded volumes of resources. Source: ResourceTrade.Earth (2023) - Chatham House database.



The geopolitical importance of energy

Take energy, as the most heavily traded
material, and let’s now consider why it has such
a strategic significance from a resource
perspective. The ‘invention’ of energy that does
not stem from a muscle is a cornerstone of
humankind’s emergence: fire being utilized by
humans for cooking, heating, and safety, is
supposed to have secured our place as the
most powerful species on Earth (Gowlett 2016,
Harari 2015).

As the example of fire illustrates access to, and
control of energy has a strong link to power
dynamics. In its simplest form, when used
directly, energy provides us with both security
and comfort.

Why should investors care about resource scarcity and geopolitics? 11

Yet there’s more to energy than that. It’s a
so-called ‘facilitator’ resource and allows us to
produce multiple other resources, such as
facilitating the smelting of ore into metals and
the cracking of stones to produce gravel—one
that enables the production of goods and
services. This facilitator function of energy
underpins our modern world. A turning point
was the invention of the steam engine in
England at the beginning of the 18th century,
which started the industrial revolution (see
figure 5) and unleashed a huge increase in
global energy usage. As late as 1850, still more
than 80 % of all useful kinetic energy on the
planet came from animal and human muscles
(Smil 2022).

Figure 5: Since the 1850s global primary energy consumption is growing rapidly

TWh

180,000 eevereemmeemesmemeeeeeseseeseeee e
140,000 eeveeeemeemesmireeeesseeseeeee e
120,000 eereeeereemesmeeeeeeeeeseeees e
100,000 eeveeeereemesmeeeeeeeeeseseeeee e

80,000 -revreveeeemeereeeiree e e

0

1800 1850

Modern biofuels M Solar
H Oil M Coal

M Other renewables

Nuclear M Natural gas

Wind
M Traditional biomass

1900 1950 2021

Hydropower

Source: Our World in Data based on Vaclav Smil (2017) and BP Statistical Review of World Energy (2023).

“Prices [...] of food and fuel, seem to be
particularly important [... among ...]
other factors identified as predictive

of [social] unrest. ”

IMF Study, Barrett & Chen 2021
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Is the equivalent of having:

~

Person's average daily
energy consumption

60

Rising to:

., >200

Today, on an individual level, maintaining the
daily lifestyle people are accustomed to, for both
work and leisure, requires the constant
consumption of energy. A person’s average daily
energy consumption could be compared to the
equivalent of 60 adults working day and night
for that person. This comparison even rises to
between 200 and 240 for persons in developed
countries, as they consume much more energy,
and drops to almost one in very low-developed
countries, since individuals there typically have
no money to spare to consume energy or have
only very limited access to energy that does not
stem from living muscle power (Smil 2022).

Energy and material consumption

to increase further

As the example shows, at a societal level,
without enough energy to run the machines we
built over the last centuries, today’s global
economy would collapse immediately and
suddenly trigger social unrest and political
turmoil. As our discussion of energy makes
apparent, resources shape and drive
geopolitical considerations. Any scarcity of
energy is detrimental to every economy or
country today and is still the key material
resource focused on in today’s geopolitical
power game.

But as energy is mostly a facilitator, global
demand for the extraction of other raw materials
is also important, and this demand seems to be
perpetual and, if anything, growing. Figure 1
highlights the demand placed on resources as
extraction increases at an accelerated rate.

Adults working day and night
for them (global average).

Adults working day and
night for them (developed
markets average)

Why know-how is even more powerful than
energy in the long run

So, from a geopolitical point of view,
governments continuously attempt to reduce
their reliance on other nations’ resources. In the
case of energy, they aim to achieve energy self-
sufficiency. Shifts in energy dependency
always represent a significant and influential
development in the balance of geopolitical
power. The shale oil revolution in the US, which
we mentioned earlier, is not only a story about
energy but also a reminder of the importance
of another facilitator resource that is even more
powerful than energy: know-how.

Geopolitics, trade and know-how

We will explain the importance of ‘know-how’
as a resource and the shale oil revolution in
more detail towards the end of the next
chapter, but highlight already the important link
between know-how, trade and geopolitics.

Open trade also results in the transfer of know-
how and helps to support a peaceful
relationship between trading partners, as
strong economic ties help to incentivize
investments in a peaceful and economically
sound relationship (Aslam et al. 2018). For
example, if a country D trades with Switzerland,
it is exposed to cultural elements that are
important to Switzerland—e.g. timeliness and
its advantages. Over time, country D is likely to
adopt such elements if they can be used for its
own advantage. Knowledge improves the way
in which two parties trade with each other and
share their know-how.
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In the next section we delve into the various resources in more detail,
guiding us from basic survival requirements to the needs for economic
security and the resources needed for geopolitical aspirations.
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~  Where
scarcity rules

Understanding the resource spectrum:
From essential to life-enhancing.
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The spectrum of impact

In our geopolitical framework, we focus first on
the basic resources required to survive, since
any scarcity there would immediately trigger
social unrest, domestic and ultimately
geopolitical actions.

We put them in a pecking order of fast to less-
fast lethality: air (oxygen), water, sunlight, food,
shelter (heating). When you run out of oxygen,
you die in a couple of minutes, but can normally
survive around three days when running out of
water. So the pressure to act is highest in the
moment of scarcity for air. Fortunately, there is
enough oxygen around to survive the next
1000 years plus, even if we burn all the fossil
energy carriers on the planet (Smil 2022)—
however, we might run into trouble due to
polluted air.

Luckily, we are guaranteed even more years
with sunlight. The most important source of
energy on the planet is not expected to die out
over the next billion years but it might shine so
hot after the next 500 millions of years, that it
would render our Earth uninhabitable (Scudder
2015). What is more pressing in this context is
the expected global warming and the resulting
migration away from regions that become
uninhabitable to those more livable.

Beside these two vital resources, air and
sunlight—that thankfully will not disappear
over the next 1,000 years plus—water and food
scarcities and shelter are the next point of
concern, before then focusing on the other
energy sources besides the sun. Losing access
to these energy resources would virtually cease
not only the production of most goods and
services but also access to most of the basic
resources needed to survive.

Particularly in more highly developed countries,
households and firms can only access these
basic resources with the help of energy as a
facilitator resource. But even with just a
tangible reduction in energy supply, standards
of living drop almost immediately as people are
less able to heat or cool homes, offices, or
facilities and cannot prepare or store food.

As outlined earlier, many other materials are
important to retaining today’s living standards in
most parts of the world. We do not focus on
plastic, as this seems to be abundantly available
but focus instead on minerals and metals. So we
have included them in our geopolitical
framework as the second set of resources.

Last but not least, special minerals and metals
are also of high importance to geopolitical
considerations around the globe as they enable
key technologies needed for economic
advantage as well as for national security and
military aims of a country. They are therefore
heavily important at the third and last level of
resources in our geopolitical framework.

Finally, this section also includes know-how as
the resource to rule all the other resources.
Simply put, no other resource is useful unless
you know how to use it. Know-how always
comes first, be it to produce high-tech goods
in combination with other highly specialized
resources or just to know how to use a
matchbox. It comes without saying that know-
how has an important geopolitical dimension.
We already touched on the example of know-
how in form of the shale oil revolution and how
it changed the global power balance between
the United States and energy exporting
countries and we will shed more light on know-
how from a resource point of view towards the
end of the section.

Where scarcity rules 15
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Vital resource No 1: Water

Water is life. And yet, without the help of natural gravity,
water is a resource that is difficult to transport over long
distances as we consume so much water on a daily basis.

While bottled drinking water is traded and shipped
around the world, agricultural and industrial sectors
require significant volumes of water that can only be
accessed using pipelines or water canals used to redirect
greater amounts of water.t These difficulties in trade,
together with the geographical importance of lakes,
rivers, and underlying water basins, mean that water is a
resource that is a geopolitically sensitive subject. Water
can trigger fierce conflicts among neighboring countries.
Figure 7 displays the transboundary river basins and the
current conflict zones due to water disputes.

Another consideration is a country’s share of the world’s
population compared with its share of global water
resources (see figure 6). This highlights that, apart from
the global issue of water scarcity, the distribution of
water—regions with an abundant supply versus those
that are drier—is a key geopolitical topic.

This is exacerbated by climate change, which appears
likely to impact temporal discrepancies between periods
of rainfall and dry periods. Spatial differences in rainfall
and droughts are also likely to be impacted (Smil 2022

p. 187, Greve et al. 2018).

The most vulnerable regions are West and East Africa,
the northern Middle East, and the areas bordering
Central, East, and South Asia, according to a United
Nations report (UN-FAO 2022). This last region entails
potential future water basin conflicts involving globally
important powers such as India, Pakistan and China.

Figure 6: Extreme water imbalances in India and China
Brazil has the world’s largest share of water resources

Brazil

Russia
Canada
Colombia

Indonesia
United States
Mexico
Japan

Egypt

Nigeria

B Share of water
resources

Share of
population

Pakistan
European Union
China

India

0% 10%
Source: World Bank data portal (2022), CIA World Fact Book (2020).

20%!

Figure 7: Northern Africa, Central Asia and the Middle East are the regions most prone to conflicts

due to water scarcity in underlying water basins
Levels of water stress of all sectors by major basin

Relative risk category
No stress (0%-25%) M Low (25%-50%)

Source: UN-FAO (2022), Food and Agriculture Organization of the United Nations.

Medium (50%-75%) M High (75%-100%)

M Critical >100%)

!Unless we talk about virtual water, e.g. water that is traded within a certain product (e.g. water used to produce grains that are

then exported)—see the paragraph about food).
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It appears also that the US has a substantial amount of territory that experiences
water scarcity issues. However, most of these regions are within the country, and
only a small portion is shared across borders with Mexico, which makes this
issue less pressing for the U.S. from a geopolitical point of view.

Europe and the Latin America (LATAM) region seem to be mostly untroubled by
such water scarcity issues. This is in line with a simple comparison between a
country’s share of population and its share of water resources. This also
highlights the (problematic) issue of water in India, China, Pakistan, Nigeria, and
Egypt and points to the positive situation in the US, Canada, and even more so
in LATAM (Brazil), plus Russia as a whole.

Bt

Water: The building blocks of our world

Despite water being in abundance on
our planet, many parts of the world
are experiencing water stress. While
70% of the earth’s surface is water,
most of this is salt water. In fact, only
2.5% of the planet’s water supply is
freshwater suitable for agriculture and
industry, with pollution rendering an
even smaller amount suitable for
human consumption.

To complicate matters further, only
about one-third of the freshwater
suitable for human consumption is
accessible on the surface or stored in
groundwater, amounting to under

1% of the earth’s total water resource
(USGS 2019). Glaciers and ice caps
contain all the remaining freshwater.

Global water consumption

7 O % Agriculture

Industrial

18 %

12%

Household

Giga factory

Similar water consumption

150,000

Water consumption is indispensable City population

in today’s world—we use and require
water in every aspect of daily life. Of
the world’s freshwater, about 70% is
used for agriculture, roughly 18% for
industrial use, and 12 % for domestic
(household) consumption (World
Bank data portal 2022).

Think of the water required to
produce concrete or consumed in
semiconductor facilities— without
this resource, agriculture, households,
offices, and industry cannot function.
And we also consume it at huge
volumes: semiconductor giga
factories consume water at a similar
rate to a city with a population of
150,000 or more.

70%

of the earth’s
surface is water.

Given the limited supply of freshwater
and our current consumption rates,
water scarcity is a real issue. A recent
study highlights that approximately
3.8 billion people currently experience
water scarcity at least one month per
year (Boretti & Rosa 2019). The 2018
edition of the UN’s World Water
Development Report estimates that
nearly 6 billion people will suffer from
clean water scarcity by 2050.

1%

of all the planet’s freshwater
supply is suitable and
accessible for agriculture,
industry and household
consumption.

Source: UN World Water Report (2018), Coin (2022), United States Geological Service (2019).
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Vital resource No 2:

While we’ve come a long way from our hunter-gatherer
era, food remains a significant topic. Taking the scarcity
of food, fertilizers, and arable land into account, all
scarcities add up to the geographic picture of
undernourishment in figure 8.

Undernourished populations are mostly found in Africa,
the Middle East, and East and Southeast Asia. Figure 8
also highlights India, Pakistan, and a lower proportion in
Indonesia (approximately 6.5% of the population) as
being subject to underfeeding. Mexico and several other
western LATAM countries also partially exhibit dire levels
of undernutrition, most prominently Venezuela (over 25%
of its population).

Food

On the other side are China, the US, and Europe, where
less than 2.5% or even virtually zero percent of the
population is undernourished. When we focus on food
dependency, a similar picture in Africa and India emerges,
but it’s also clear that the Middle East is heavily
dependent on food imports. In addition, parts of Europe
and China import a substantial amount of their nutrition
from foreign countries. Canada, the US, Russia as well as
Brazil and Argentina are net exporters of food (see figure
9). The regions with an elevated degradation of land are
in many parts of the globe congruent to regions with high
water stress and food dependence (Coppus 2022).

Figure 8: Share of the population that is undernourished is highest in Africa, Southern and Western Asia
Share of individuals that have a daily food intake that is insufficient to provide the amount of

dietary energy required to maintain a normal, active, and healthy life

| (o

Nodata 0% 5% 10%

I
Source: IHME, Global Burden of Disease (2019)

15% 20% 25%

30%

35% 40% 45%

More than 40% of the world’s population could
not be fed today without synthetic fertilizers.

Erisman et al. 2008, Smil 2022



Figure 9: Food dependence is highest in Africa, the Middle East, Japan and Korea

Trade as share of domestic food supply

§

0% 20% >50%
Net importer ] No data
Net exporter

Source: FAO (2018).

Fertilizer: Food’s critical engine of growth

To achieve the enormous increase in crop yields, today’s
agriculture requires synthetic fertilizers, and estimates
suggest that more than 40% of the world’s population
could not be fed today without these fertilizers. (Erisman
et al. 2008, Smil 2002).

So, our dependence on fertilizer is crucial for today’s food
production. Figure 9 shows that several big exporters of
food, such as Brazil or Canada, (compare to Figure 10) are
strongly dependent on fertilizer imports.

The global share of most of the key ingredients required
for today’s agricultural fertilizers is regionally
concentrated; Russia, Canada, the EU, China, and Belarus
provide over 60 % of total global exports (see figure 11).

The geographic concentrations of main ingredients, such
as potassium and phosphorus, are more pronounced. For
example, Canada is responsible for 35% of potassium
exports, and China and Morocco account for 20% each
of phosphorus exports. Morocco possesses more than
80 % of phosphate reserves, the raw material to produce
phosphorus fertilizer (USGS 2022).

To circle back to our special resource, energy, it also
plays a key role in food production.
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Figure 10: Share of imported and domestic produced
fertilizer by country, 2019
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United States
Russia

China

Rest of World

Source: FAO (2022).
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In relation to fertilizers, the IEA
estimates (IEA 2021, Roadmap to
Sustainable Ammonia) that the
production of ammonia accounts for
approximately 2% of global total final
energy consumption, virtually all of it
from fossil fuels. The production of
ammonia as a base material for
nitrogen fertilizers, requires high
temperatures in a reactor to trigger
certain chemical processes. This is in
addition to energy consumption in
the agricultural sector, which
amounts to approximately 4% of
global energy consumption either as
a direct input or to facilitate work
required on fields, farms, and barns.

The US Agricultural Department
estimates that approximately 2/5 of
total (indirect) energy input in the
agricultural sector is from fertilizers
and pesticides, and only 3/5 of
inputs come from all the other actual
work on farms.

Considering another side of food
use, cooking represents a clear
direct use of energy; the European
Statistical Office (Eurostat)
estimates that households require
approximately 6 % of their total
energy consumption for cooking.

Additionally, more than 10% of
energy use relates to food storage
for cooling (refrigerator and freezer
use). Of course, if necessary, a
typical household in a developed
country could significantly reduce
energy consumption by changing its
diet and cooking habits. However,
this discussion lies outside the scope
of the current analysis. Nevertheless,
it becomes clear how much the
production and preparation of food
relies on energy inputs.

Food: The building blocks of our world

Food production requires other resources, including air (oxygen), soil,
water, fertilizer, and both natural and manmade energy. As discussed
earlier; the planet has enough oxygen and sun, at least for the next
thousand years or more, and while water is a crucial resource, the global
distribution of it—from wet to dry regions—is more important than the

issue of global scarcity.

Improving efficiency

Additionally, it is encouraging to note
that rates of water withdrawal in
most developed and more developed
emerging market countries remain
constant even as the production of
crop yield increases. This is because
of the improving efficiency of
agricultural water usage.

Furthermore, the types of crops that
are employed require less water on
average (see for example: USDA
2022).

The same can be said for the use of
soil per crop. According to the
History Database of the Global
Environment (University of Utrecht
and the PBL of the Netherlands), land
use per person has significantly
declined since the beginning of the
20th century.

As a result, arable land does not
appear to be scarce on a global
scale, despite significant population
growth—due to strong technological
progress. According to the UN food
and Agricultural Organization (FAO)

Figure 11: Russia hast the highest
share of global fertilizer exports

M China Rest of World
Russian Federation M Canada

Belarus

M European Union
Source: US Foreign Agricultural Service (2022), 2017-2019 average

World food supply has
dramatically increased

7 billion ™

900 million 1950

in 1950, the world was able to
adequately supply food to about 900
million people. In 2019 that number
was almost eightfold higher (FAO
2020): 7 billion!

Despite these positive developments,
the degradation of land will remain a
problem for certain countries and
regions that already suffer water
stress and have an elevated
dependance on external supplies of
food like India or parts of Africa, China
and the Middle East (Coppus 2022).
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Vital resource No 3: Shelter and heating

Another clear direct use of energy, essential for
survival, lies in the basic need to heat and cool
our homes and places of work. This accounts
for roughly 40-60 % of total household energy
consumption in developed nations. However,
these patterns can be very different across
countries. In the EU, heating accounts for more
than 60 % of total final energy consumption in
the residential sector, but cooling only about
1%, while in the US heating only uses about
30% and cooling more than 10% (see Eurostat
2022, EIA 2021).

The International Energy Association estimates
that today, the residential sector accounts for
roughly 20 % of total global energy
consumption and the heating of residential
space, about 11% (IEA 2021).

In a vast majority of areas that actually have a
mild climate, humans are still dependent on
heating and shelter. But, the habitable area of
the planet suitable for humans, is quite a
narrow band around the globe with an annual

average temperature of 11 to 15 degrees
Celsius, which stretches from the US to Europe
and smaller parts of central Asia to China.
Countries outside this temperature range tend
to have a high energy requirement, either for
cooling or heating purposes, so a high
dependency on energy becomes evident.

(Xu et al. 2019).

Multiple resources are required in today’s
construction sector. A report on global material
use estimates that of all sectors, housing has
the highest material footprint— about 40
gigatons (one gigaton is equal to one billion
tons) per year (Circle Economy 2022).
According to an OECD report, the
heavyweights among construction materials
are quarry materials used mostly in concrete
(sand, gravel, crushed rocks) and limestone
(also used in the production of concrete) which
seem not be subject to scarcity (OECD 2018).
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In today’s developed economies, concrete (primarily made of sand and cement)
is the most widely used material, making up approximately 80 % of total material
weight. Metals (primarily steel) mostly account for less than 5% of total material
weight in an average modern building (Griffiths et al. 2003, Crow 2008).

As is the case for food and fertilizers; steel, aluminum, and cement production
require a substantial amount of energy within the construction sector. They add
around 4% of the total contribution of 30% by the construction sector towards
total global energy consumption and have a significant influence on price
movements that occur in construction materials (IEA 2022a). Hence, it seems that
the scarce factor in shelter and heating is energy rather than most of the raw
construction materials itself. Of course, as we will see later in the section on
minerals and metals, certain materials like aluminum could become scarce for
shelter construction, but substitution is in most cases possible.

Shelter and heating: The building blocks of our world

Concrete: The hidden essential Figure 12: China has by far the hightest cement demand
Resources required to build shelters appear to
be readily available when there is access to
cement, water, and wood, together with the
know-how for construction. The base element,
cement, can be produced and shipped to any
region if it can be used with water to create
concrete. However, this is only valid if energy is
available at a low price, given that cement
production is very energy-intensive, like steel
and aluminum.

MW 57 % China
7 % India
B 8% Europe
11 % Asia and Australasia
China and India
10% Middle East and Africa
4% Latam
B 3% North America

... and China has by far the hightest cement production

Looking at global demand and production of by region and main countries, % Estimations

cement, it is evident that China is by far the
biggest consumer and producer, with more than
55% of global demand and supply (see figure
12). Because the materials required to produce
cement are not scarce, it is more important to

M 56.2 % China
1.3 % Japan
B 7.8% India
14.1 % Asia (excl. China, Japan, India)®
5% Africar
2.2% USA

focus on energy as a resource in the areas of : g'g:f’ g?:a”nfg: R LER)
. o o
shelter and heating. W 26% CISp
B 43% EU28
| ]

China produces more than 50 % of global 1.6% Non EU29
concrete while the second largest producer,
India, produces 7%. China’s demand for
cement amounts to nearly 60 % of that
resource while demand from India and Europe
is 7 to 8% (see figure 12; Cembureau 2019,
2020; International Cement Review 2022).
Wood in most parts of the world, is not a
scarce resource. We will look at scarcity in
steel and iron ore (as a base material) below,
under minerals.

Source: Cembureau (2019, 2020); International Cement Review (2022).



Level 1: Vital resources
Basic resource scarcities boil down to this simple chart, where we see that
geopolitical heavyweights like India and China but also the Middle East and
Africa exhibit quite some scarcity issues.
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The facilitator resource—from basic

to life-enhancing:

Energy, our prime example as a universally
crucial resource, directly fulfills a basic survival
need; it’s impossible to heat and to survive
without it in the winter season in many parts of
the world. Of course, the need for heating
energy crucially depends on how isolated you
are from the climatic environment around you;
hence, shelter is a closely related kind of
resource here.

When also taking the indirect use of energy (as
an enabler resource, see also the text box on
energy) into account, Russia’s invasion of
Ukraine is a tragic reminder, especially for
Europeans, that our overall dependence on
energy can be a curse. This explains why
achieving energy independence is so important
in a geopolitical sense (EEA 2020, IRENA 2022).

Figure 13: China, Japan, India, and South Korea are heavy energy importers,
while Russia and Canda, Australia and the US are net exporters

Energy trade balance, in million tonnes of oil equivalent, Mtoe

4

Under-50 Mtoe B -50 to 0 Mtoe 0 to 50 Mtoe
Source: USGS 2022, UN Comtrade database (2022).

50 to 150 Mtoe

Energy

For countries with more extreme climates
global warming will have the greatest impact.
These countries tend to have a high energy
requirement, either for cooling or heating
purposes, so a high dependency on energy is
evident, and the issue of scarcity will be
especially pertinent. Furthermore, these
regions tend also to face the most challenges
in regard to droughts, severe snowfall, and the
effects of too much or too little precipitation
on agriculture.

According to a recent study, the band of
regions with milder climates will shift further
north, while large parts of Africa and LATAM,
but also in the Middle East and East Asia, will
become even less suitable for humans as
temperatures rise, creating annual average
temperatures of 30 degrees and above

(Xu et al. 2019).

China imports much more
energy than it exports
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The primacy of energy

All net energy-importing nations need to
constantly ensure that their access to the
supply of energy is guaranteed for households,
industry, and service sectors. China, Japan,
India, South Korea, and Europe are net energy
importers and are therefore heavily reliant on
energy from other parts of the world (see
figure 13).

Energy heavyweights such as Russia, the Middle
East, several Latin American countries, Canada,
and the US are net energy exporters. This
picture is confirmed by looking at proven oil and
energy reserves. In this regard, Europe appears
to be in an even more vulnerable position.

This underpins the importance of the
technological revolution in shale oil and gas
production that saw the US become a net
exporter of energy just before 2020, as
discussed on page 31. This has not occurred in
the EU, and as a result, it has opted to reduce
energy dependency by increasing its share of
renewable energy (Dobreva & Wilson 2019).

Energy: The building blocks of our world

Energy is a fascinating resource that can be
used both directly and indirectly. Examples of
direct use include room heating, with
approximately 11 % of developed world energy
consumption being used for residential heating
and 6-8% being used for heating commercial
and public spaces (see figure 14).

Given that the developed world consumes the
most energy, these statistics reveal that the
majority of energy consumption occurs
indirectly, with energy being used as a
facilitator resource to enable the production of
goods and services. Examples of indirect
energy consumption include its facilitation of
transporting goods and people, the melting of
ore and the processing of it into iron, or the
production of nitrogen fertilizer out of
ammonium (see food section pages 18-20).

Unfortunately, the Russian invasion of Ukraine
has hampered these ambitions, exposing
Europe’s energy dependency and endangering
living standards through surging energy prices
and supply restrictions for households and
industry (European Commission 2022). At this
stage, the discussion moves on to the topic of
how such investment initiatives, following the
warning to citizens and politicians, especially in
Europe, can change the global power balance
of the geopolitical quest for resources.

People have seen their living standards
threatened, and politicians realize their
positions as leaders are jeopardized.

Figure 14: Residential sector ranks third
in terms of final energy consumption
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Largest end uses of energy by sector in selected IEA countries, 2019

B 20% Residential

| 11 % Residential space heating
35 % Transport
| 21 % Passenger cars
23 % Manufacturing
6 % Basic metals
14 % Services
| 14 % Services
B 8% Otherindustries
| 4% Mining

Source: IEA (2021b).
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Economic security and fulfilling
geopolitical aspirations:
Minerals and metals

What resources do we need to produce all the
engines, instruments, and vehicles to feed the
world but also to reside, to drive, or, simply put,
to live our daily lives? In a geopolitical sense,
the question boils down to the following: Who
extracts all the minerals and metals needed in
today’s economy and who consumes them?

A divergence of dependence

Focusing on the most traded resources,
figure 4 highlighted that traded volumes
(weight) are highest for fossil fuels—energy,
which we just discussed—followed by metals
and minerals, which makes them sensitive to
global trade disruptions.

A comparison of the amount of extracted
materials on the planet shows that the most
extracted materials are not traded the most, as
the majority of heavy construction materials—
primarily sand, stones, gravel—are extracted
and consumed locally. These construction
materials are the major part of the 50 gigatons
of non-metallic minerals, which are annually
extracted from the planet, but which only
account for approximately 1 gigatons in global
trade weight.

For metals, the picture looks different. Here,
although only 10 gigatons of metals are
extracted, approximately 3 gigatons are
globally traded, highlighting that metals are a
significantly more geopolitically sensitive
element within this group of materials since the
traded share is much higher.

This becomes more apparent when considering
the strong spatial imbalance between
extracting regions and regions of consumption
and processing of metals (see figure 15).

Here, the often highly concentrated deposits of
metals in certain regions (including the strong
resistance against any exploration and mining
in most developed countries due to
environmental and health reasons) and the
advanced processing capacities or significant
demand in other countries create an important
interconnected global trade system. The EU for
example, is more dependent than other regions
on the external supply of metals to meet its
demand, as it only extracts a small fraction
relative to its consumption (see figure 15).

Figure 15: EU consumes more than the US but extracts far less metals

Extraction

APAC 23.5%

LATAM 28.2%

EU 4.2%

USA 9.7%
Canada 2.2%
Australia 10.2%

China 14.8%

Africa 5.5%
Mid East 1.8%

Consumption
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10.5% LATAM
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23.0% China

o —— 8.2% Australia

—— 2.3% Canada
=mm 3.5% Mid East

e 2.5% Africa

Total metal extraction and consumption was just under 10 billion tons in 2018

Note: APAC (Asia Pacific Region) is ex China and Australia, LATAM is Latin America. Source: Giljum and Lutter 2018.



Other countries such as the USA and China produce or
extract almost half of their total metals consumption
locally. The APAC and LATAM regions, Australia and Africa
consume substantially less than the amount extracted
locally. Hence, they perform an important role supplying
these materials to other regions or countries, helping them
meet their demand for the consumption of metals.

The importance of metals

The critical nature of the global trade in metals is evident
when considering a list of essential raw materials
required by the region that is most dependent on them—
Europe. Twenty-three of the thirty names in the EU’s
critical raw material list for its strategic sectors and
technologies are metals or metallic elements (e.g. rare
earth elements) (European Commission 2020).
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Similarly, in the essential minerals list relevant to the US,
which entails 50 elements (or groups of elements), only
two of the essential elements listed are neither a metal
nor metallic element. This highlights the importance of
geopolitics in the global trade in metals. The geographic
position of exporters of these essential metals gives rise
to the strongly dependent relationship the EU and the
USA have with specific trading partners—first and
foremost China and South Africa, including Canada,
Brazil, and the DRC (see figure 16). The world will require
more of these metals if the Green Energy Revolution
takes off, which we will discuss in the next chapter.

Figure 16: The US is strongly dependent on China's supply of several critical minerals
Numbers indicate how many critical metals and minerals a country supplies to the US

0 1to3 M4to6 71012 13to0 18
Source: USGS 2021 (US minerals net impot reliance in 2020).
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Iron and steel (based on iron ore) are produced in greater amounts than any other metal, with an
annual production of approximately 3 billion tonnes per annum. This is followed by aluminum, with
only approximately 0.06 billion tonnes (USGS 2022). The volume of production in the iron and steel
industry also highlights the fact that this sector is among the world’s biggest energy consumers.
China is the largest producer of iron and steel, and energy consumption in this subsector amounts

to 10% of the country’s total amount (see figure 17).

Figure 17: Energy consumption by industry sub-sector of top five countries

to total final domestic consumption

China

United States
India

Russia

Japan

0% 10 % 20%

M Iron and steel Chemical and petrochemical

Paper, pulp and print
Source: [EA (2021b).

Materials: The building blocks of our world

Global material extraction is on the rise

Having increased almost tenfold in weight since the 20th
century, today more than 90 gigatons (one gigaton is
equal to one billion tons) of materials are extracted per
year and this is expected to reach above 150 gigatons in
2050, according to the UN and OECD (see figure 4). This
enormous surge in extraction is expected to continue at
an unabated pace, with scarce materials set to remain
an important topic for years to come.

Of these materials, the vast majority, approximately 50
gigatons, are non-metallic minerals such as the sand,
stones, and clay used commonly for construction (see
figure 17 and the earlier discussion on shelter and
construction).

M Industry not elsewhere specified M Other

30% 40 % 50 %

Non-metallic minerals

Metallic minerals (ores), fossil fuels and biomass
resources make up the remaining half of the entire
material world (Circle Economy 2022). Weighing in at only
10 gigatons, metallic minerals account for a smaller
amount of extracted materials but are of critical
importance, used in construction but mainly relied upon
for the communications sector (lines, |IT systems, servers,
phones) and in mobility (machines, cars, ships, turbines).
We have already discussed extracted biomass (about 25
gigatons) in the food (agriculture), shelter and heating
(wood) segments and will look at fossil fuels (about 15.1
gigatons) in the discussion on energy.

Gigatons of materials extracted per year (estimated by OECD, 2018)
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Level 2: Resources for economic security and prosperity

For our second set of resources—that span from those ensuring economic security and
prosperity and, on a next level (3), to fulfilling geopolitical aspirations—we see that in terms
of scarcity in critical minerals and metals and energy, Asia ex China and India but including
Australia is doing best, while among the geopolitical heavyweights, the US and Russia rank
before China. The latter is scarce of energy but rich in metals while the Middle East has the
opposite set-up. Europe and India rank last in this view.
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The ultimate geopolitical resource:

Know-how

One resource to rule them all

The importance of know-how as a resource
lies in the fact that it enables the use of all
resources. It is also the resource that improves
the use of other resources or leads to the
creation of a new resource through
technological innovation in combination

of other resources.

Know-how is the resource that allows all other
resources to become more or less important
over time, to become scarce or abundant, and
can even let them oscillate from one extreme
to the other.

Know-how should not be considered a
synonym for technology. The latter represents
the interplay between know-how and other
resources that create technological innovation.
Therefore, know-how is a facilitator resource
that enables the use of all other resources.
Thus, know-how is the most important
resource; it determines the scarcity of all
resources based on its capacity to make
resource utilization more efficient or even
invent new resources.

We can think of the invention of petrol-driven
lamps and later engines and the rise of the
Middle East’s strategic importance in the
second half of the last century, which led to the
energy-driven geopolitical strategy of the US
and many other countries (see, e.g.
Parthermore & Rogers 2010).

Figure 18: US dominates the Shanghai
ranking for the 500 best universities globally
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Measuring the availability, production, and
consumption of know-how is difficult. However,
it is possible to use certain broad indicators to
gauge the availability or the supply a country
has of the resource know-how.

Education, research, and innovation are used
around the globe as proxies for know-how. The
US and Europe lead in terms of academic
education and research. China, relative to its
population, remains behind the US and Europe,
but is catching up. The number of top 500
universities in the Shanghai International
Universities Ranking, highlights a dominance of
US institutions—137 out of the 500 in the US,
followed by China with 58, the UK with 36 and
Germany with 30 (see figure 18). Similarly, the
US and Europe attract significantly more
international students, reinforcing their appeal
as knowledge hubs, while China currently
attracts half the number of foreign students as
the US (figure 19).

Figure 19: The US also hosts the highest
number of foreign students within one country,
but Europe leads as a region

USA 1,095,299
United Kingdom 496,570
China 492,185
Canada 435,415
Australia 420,501
France 343,400
Russia 334,497
Germany 282,002
NETEND 208,901
Spai 120,991

Source: Project Atlas (2019), Institute of International Education.



Patents

In terms of another proxy for know-how—
actual patent applications per residents—
China is catching up with the US and has
overtaken Germany. Japan and South Korea are
still world leaders, with 2,000 or even 3,000
patents per one million people. Yet, this is a
very rough approximation of the current
distribution of know-how on the planet.

To detect more of the underlying factors in
know-how, one must explore deeper. For
example, China leads in the number of patent
applications in the raw materials sector—four
times as many applications (10,099) as Japan
in 2020 and compared to approximately 2,500
applications in 2016 (European Commission
2021). This explains why China has not only
built a strong ecosystem to lead the global
production of important metals but also why it
annually produces three times as many patents
for the production and manufacturing of metals
as any other nation.

That said, patent numbers may be misleading,
as there are several indications that non-
economic incentives in China distort the
numbers. A higher number of Chinese patents
seems to be associated with lower quality and
poorer usage of the patent: while more than
1.6 million applications were released in China,
several studies state that the quality of Chinese
patents is between half and one-third of US or
European patents, which would balance China’s
high patent numbers out with the US ones
(Song & Li 2014, Boeing & Mueller 2019,
Santacreu & Zhu 2018). Similarly, the Global
Innovation index by the World Intellectual
Property Organization (WIPO 2022a) ranks the
US and 7 European countries among the top ten
most innovative countries. China was ranked 11
in this index in 2022.

Applying the proxies for know-how as a
resource (see figures 18, 19 and 21), it appears
that the US and Europe remain ahead of China
and other global players such as India or Russia.

The distribution of knowledge through the
internet reduces the cost of accessing know-
how and in certain areas, such as the raw
material or photovoltaic sector, China has
established a lead, shifting the know-how
power balance from the US, Japan, and Europe
to China.

How shale upended
the oil hegemony

As the shale oil know-how in the US emerged, it has
not only been a boon to the US but has also resulted
in a reduction of the power and influence of ail
exporting countries on the global hegemon. This
outcome has dispelled the so-called Hubbert’s peak
prediction. Named after the American geophysicistM.
King Hubbert, who laid the foundation for modeling
the oil production curve under certain assumptions.

In 1956, Hubbert predicted that US oil production
would peak between 1965 and 1970 and then
decline almost as rapidly as it increased during the
preceding decades. The projection appeared to be
correct until the turn of the last century, when the
technological advancement in the shale oil
production method reversed the trend, resulting in a
surge in US oil production.

Following this innovation, the US became a net
exporter of energy by 2020. This illustrates how
quickly know-how resulting in technological
innovation can reverse a country’s depleted
resources, how strongly it can shift the geopolitical
power game, and why investors usually recognize
that identifying the next disruptive innovation of
know-how is key.

Figure 20: Hubbert’s peak prediction
vs. actual oil production in the United States
million m*

1910 1940 1960 1980 2000 2030

= Hubbert’s prediction of the future US oil production
(from 1956)

Actual US oil production
Source: Hubbert (1965), Cavallo (2004), EIA (2022).
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Figure 21: China is catching up, but the US

is still ahead and Switzerland at the top

<20 25

Source: WIPO (2022a), Global Innovation Index 2022.
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Level 3: The ultimate resource for geopolitical aspirations

Know-how is the resource which is particularly key in securing the economic prosperity and in
facilitating geopolitical aspirations of governments. Of course, all other resources are needed to
become a global leader but without world-class know-how, all other resources alone are not enough.
Africa is scarcest in know-how as a resource. LATAM and the Middle East are also weakly equippe
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Know-how: The building blocks of our world

When considering a facilitator resource that
enables us to produce other goods and
services, we need to look at know-how or any
form of knowledge that enables us to utilize any
other type of resource. This means firstly, that
we need to know which resource or group of
resources is required to solve a problem, to
satisfy a need and to produce goods and
services.

In a similar manner to where energy as an
enabler is used to melt an ore and process it to
iron, we are required to have the necessary
knowledge to perform this task, e.g. to know
which resources are required to build a blast
furnace or a whole foundry. Know-how alone is
not sufficient. We always require another
resource to perform a task. By the same token,
know-how is always required to employ any
other resource.

Figure 21, for example, shows a ranking of
innovation criterion compiled to a Global
Innovation Index by the World Intellectual
Property Organization. Switzerland ranks first,
and the US ranks second, Germany follows on
the 7th place and China is in position 11.

Furthermore, comparing the number of
international students within a country can
provide an insight into where important know-
how is available—it appears that people still
view the US as the center of knowledge with
more than 1 million students stemming from
abroad, while the UK and China follow with
almost 500,000 foreign students per year (data
from 2019).

Therefore, the US remains the hotspot for
know-how and knowledge while developed
Europe and China rank second and third
respectively.

It will be interesting to see how the rise of
artificial intelligence changes the current
pecking order of know-how of a country. China
is generally said to be a leader in Al and also
there, when looking at the crude patent
numbers, they are even outpacing the US (see
Beraja et al. 2023, WIPO 2019). Hence, when
applying a more sophisticated measure, like
taking into account if a patent is not registered
in at least one other jurisdiction, or how many
patents belong to a highly cited family of
patents or if a patent got at least one grant, the
US and Japan are Al patent leaders (WIPO
2019).

Similarly, some argue that China has more data
on daily human behavior than any other country
in the world, due to its extensive surveillance of
its people.

But some doubt China’s success in artificial
intelligence, as particularly in the field of
generative language processing (GLP, think of
ChatGPT) since the country’s censorship
reduces the amount of available data and its
isolation of the domestic internet prevents their
GLP machines form learning from all the other
(censored) data that is available on the planet
(see, e.g. Roach 2023). In a diligent assessment
of the digital competition between the US and
China, in 2019, Vontobel wrote in co-operation
with Eurasia Group a white paper about the
next digital superpower, where we stated that
particularly in the field of digital technology the
clash between the two super-powers will
continue and even aggravate during the
running decade (see Eurasia-Vontobel 2019).

Where scarcity rules 33
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» Resource scarcity:
The energy example

How resource scarcity affects a country’s
independence and geopolitical actions.




The quest for sustainable energy

The ‘energy transition’ is a term used to
describe the shift in supply and consumption of
energy, commonly used at present in
association with the shift toward more
sustainable energy. For the Paris Agreement to
be successful in ensuring climate stabilization
by limiting the global temperature rise to well
below 2°C, as defined by the IEA Sustainable
Development Scenario (SDS) for 2040, a surge
in demand for certain metals and minerals is a
prerequisite condition, according to the World
Bank (World Bank 2020).

When large developed markets, such as Europe
or the US, set their sights on achieving a higher
consumption share of renewable energy in a
short period of time, this creates a significant
change in the demand for materials.

Figure 22: According to the World Bank global demand for certain key minerals can massively exceed

current production (base of 2018)
Percent
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Such increases can, understandably lead to
new shortages in materials, and this is set to
increase if the IEA SDS for 2040 becomes
reality, as it requires a quadrupling of demand
for critical minerals for the so-called green
energy transition.

As an alternative to the Paris Agreement, the
IEA suggests a more moderate and therefore
realistic scenario in which the world embarks
on an energy trajectory where at least 50 % of
the cases achieve the Paris-2-degree-target by
2100. In this scenario (2DS), the World Bank
estimates that global demand only from
renewable energy technologies for certain key
minerals could significantly exceed current
production, e.g. for cobalt more than 4 times
the current production (see figure 22).
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Note: 2050 projected annual demand from energy technologies as percentage of 2018 annual production (under the SDS scenario). Source: World Bank, 2020.
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Here graphite, lithium and cobalt will be in the
spotlight, with the World Bank study estimating
they will experience the highest overdemand—
an overdemand between four to five times
today’s production (e.g. of the 2018 global
production numbers, see World Bank 2020,
USGS 2022).

What these scenarios show us, is that we are
poised to continue to face situations of
resource scarcity within our economic system
in the future, just as we experienced them in
the past. Price movements over time clearly
reflect scarcity levels. Consider metal prices,
for example, whose price fluctuations can be
mapped against the development of new
technologies.

In 2000, copper was only a quarter as costly (in
real terms) as it had been in 1900, while
aluminum cost almost a tenth. In 2007, copper
was again of a similarly high price (in real
terms) than in 1900 but aluminum remained
cheap.

The quest for independence

Even though certain materials are abundant on
the planet, this does not necessarily equate to
the required capacity for processing them.
Furthermore, global abundance does not
necessarily rule out the possibility of regional
scarcity.

From a geopolitical perspective, while global
scarcity need not become a problem, we need
to consider both distributional scarcity, due to
the geographical imbalance of resource
extraction, and scarcity related to the fact that
significant processing capabilities currently
exist in only a few countries.

Figure 23: China, DR Congo and Australia dominate the mining of important minerals ...
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Note: Share of top producing countries in extraction of selected minerals, 2019. Source: |1EA (2022c).

Figure 24: ... but China dominates the processing of these critical minerals almost alone
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Figure 25: Not only the US but also the EU is strongly dependent on China for a number of critical minerals

1 United States
Beryllium* 88 %

2 Mexico
Fluorspar 25 %

3 Brazil
Niobium 85 %

4 Chile
Lithium 78 %

5 Finland
Germanium 51 %

6 Norway
Silicon metal 30 %
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Germany
Gallium 35 %

France
Hafnium 84 %
Indium 28 %

Spain
Strontium 100 %

Morocco
Phosphate rock 24 %

Turkey
Antimony 62 %
Borates 98 %

Guinea
Bauxite 64 %

Source: European Commission (2020), EU critical minerals list (2020).
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13 DRC
Cobalt 68 %

Tantalum 36 %

14 South Africa
Iridium* 92 %
Platinum* 71 %
Rhodium* 80 %
Ruthenium* 93 %

15 Kazakhstan
Phosphorus 71 %

16 Russia
Palladium* 40 %

17 Indonesia
Natural rubber 31

Issues stemming from distributional- and processing-related scarcity issues
are usually addressed via trade solutions or the creation of extraction facilities
requiring considerable investment. The latter tactic needs significant time to

become effective: The total time required to get new extraction and production

facilities off the ground varies per material, but the IEA estimates that nickel
and copper production takes 12 to 18 years while even lithium needs four to
five years to build up from scratch (IEA 2022c¢).

Thus, friend-, near- or on-shoring of new production capacities takes time, and
any hit to the current complex global trading of minerals and metals would lead
to a shock in today’s supply and production chains. This becomes very visible
by looking at figure 25, which depicts the EU’s heavy dependency on countries
like China, South Africa or the Democratic Republic of Congo, that mine and
produce metals and minerals (compare also Figure 16 on the US dependencies

for critical minerals).
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~  What happens
when resources
are restricted

Understanding the impact of a country
restricting access to resources.




When a country blocks resource exportation
A meaningful example of geopolitical tensions
impacting global trade occurred in 2010, when
China cut its exports of rare earth elements
(REE) by around 40% globally and ceased the
export of REEs for two months to Japan. REEs
metallic key ingredients for certain technologies
such as robotics, chips, fuel cells, generators,
and traction motors—all of which are also
utilized in national security and military gear.

Geopolitical tensions between China and
Japan were what sparked China to limit and
block exports of REE. In this instance the
countries were in disagreement over the
ownership of inhabited islands and sea areas
important for geostrategic reasons and fishery
rights (see, e.g. Bradsher 2010, Lang 2010).
Once Japan ended its opposition—because
certain key industries required REEs to
maintain production and because the US and
EU lowered their support for Japan for the
same reason—China resumed its REE exports.

Concentrated extraction and processing
capacities are key issues in geopolitics

For certain resources, particularly those that
are processed in a highly technical way or
involve a large eco-system of suppliers, and
occasionally where the processing is
environmentally dangerous, one ends up with
a high concentration in a small number of
extracting and processing countries.

This is evident in figure 23, for example, with
cobalt, where the DRC controls more than 2/3
of global extractions and is the clear leader, but
China controls 65 % of the global refinement of
the metal. China has an even more substantial
position as a processor for REE (as explained
with the story above) and is strong in many
other metals such as lithium (important for
battery production) copper and nickel.

Click to read our case study on the battery
electric vehicle (BEV) value chain: From a
global market back to a divided one.
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Critical dependencies

These considerations are important for the final
reasons that explain why politicians and
citizens concern themselves with the issue of
resources: The quest for resources for military
capacity and national security to fulfill their
geopolitical aspirations.

The critical minerals list for the EU and US
covers many metals that are identified as key
resources for security and military technology,
such as drones, high-tech weapons,
ammunition, and cyber-security instruments
(see figures 16 and 25, US and EU maps on
critical minerals). This highlights the substantial
dependence on certain critical metals by global
powers such as the US and the EU on China’s
production capacities and on other smaller
countries particularly for extraction.

This is the case even with heavily financed
programs to reduce dependency, such as the
Inflation Reduction Act (IRA) of the US
government and the EU’s REPower program
and needs to be considered when assessing
the impact on the geopolitical power balance.

We saw in figure 15 that the global trade in
metals is complex—the EU is the region that is
most dependent, while geopolitical
heavyweights such as the US and even China
are also dependent on metals imports for their
consumption and production. On the other
hand, LATAM, Australia, and Africa are the
strongest net exporters of metals, according
to this data.
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Current stance and potential future of resource trading
Trading tangible resources helps distribute intangible
resources more efficiently across borders. An IMF study
shows that trade helps spread knowledge and
technology across borders, which boosts the trading
partners’ productivity and contributes positively to global
growth (Aslam et al. 2018). Restricting trade leads to less
efficient global resource and production allocation and
hinders the distribution of knowledge and potential
productivity gains.

However, there are more direct ways to spread
knowledge beyond the trade of goods and services. The
Trump administration created the China Initiative to
counter allegations of theft of American intellectual
property rights by China and also began to target
Chinese researchers and students in the US for their
academic activities or their Research & Development
(R&D) knowledge (Bradsher & Swanson 2018). Incentives
were provided to foreign researchers to persuade them
not to return to their home countries and thus prevent any
technology transfer from the US to other countries.

The UK called for western military pilots not to be
recruited by China, to avoid passing on any military know-
how (Lovely 2017, Needham 2023). It should, however, not
be forgotten that spying between nations for know-how,
is a mutual activity (Sevastopulo & Leahy 2023).

Looking at tangible resources, it is evident that activities
of several globally important governments are to some
extent mutual, and the outcome is the same: more
government intervention that is harmful to global trade.
The Global Trade Alert (GTA) database counts the
number of harmful and liberalizing state interventions
(trade barriers, subsidies, quotas, other government
interventions, ceasing exports) and provides a
comprehensive picture of global developments in
government actions affecting trade. The database figures
clearly point toward a substantial increase in trade
interventions since the onset of the Global Financial
Crisis 2008/ 9 (see figure 26).

Figure 26: Many more discriminating interventions
since 2018

Number of new interventions implemented each year

2009 2011
M Discriminatory

2013 2015
Liberalising

2017 2019 2021 2023

Source: Global trade alert database, GTA 2023.

As evidenced by Figure 3 at the start of this paper, global
trade has improved since World War Il and increased the
efficiency of the global economy significantly, but this
guiding principle on ever-increasing globalization has
now come to a halt.

The intervention calculus

A look at figure 27 shows that in the current geopolitical
situation, two important forces are at work: China and the
US, and to a lesser extent, Russia and Europe. Finally, the
GTA database provides suggestions about trade-
battlegrounds, and discloses the sectors most affected
by harmful interventions.‘Products of iron and steel’ are
impacted the most,followed by ‘basic organic chemicals’,
‘cereals’ (think of food scarcity) and ‘other fabricated
metal products’ (think of the critical minerals list).

State interventions in trade and the issue of scarcity of
minerals and metals critical to renewable energies raise
doubts about Europe’s ability to shift from its significant
dependence on Russian energy to energy self-
sufficiency with renewable energy. Europe’s energy
strategy appears to be a choice between moving away
from a dependence on Russian energy imports towards
renewable energy technologies that are still vulnerable to
potential restrictions for access to critical minerals and
metals by China and other important producers (see
figure 16).
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Figure 27: China is affected by the largest number of harmful interventions
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Source: Global trade alert database, GTA 2023.

Choose your trading partner wisely

European countries and other nations, particularly small open economies and more
independent ones like Switzerland, must choose their trading partners wisely when
barriers to trade and the exchange of know-how are erected. In this regard, trade data can
be beneficial in attempting to separate a trading partner that is of high quality from those
that are not.

The Global Trade Alert Institute has used the geopolitical shock of the Covid-19 pandemic,
when many countries suddenly implemented stricter border controls or import and export
embargoes, to analyze which countries kept their borders and trade channels open or even
supported other countries by providing more liberalized access to certain resources. The
analysis revealed that large countries such as Canada, Japan, and Australia were positive
G20 examples and other countries and multinational enterprises should consider to steer
their trade flows and agreements towards this group of trading partners.
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A new global order, a new cold war, or a
multipolar world with bi-polar gravity?

Fault lines continually shift. We have seen this
play out from the early days that followed World
War Il, with the US - Europe - Western NATO
alliance and the Russian-East-Communist
Bloc during the cold war, until the dissolution of
the Soviet Union, to the period of US
hegemony, followed by the rise of China that
today challenges US dominance.

The US-China rivalry

When looking at Figure 27, the rivalry between
the two countries mostly affected by harmful
interventions becomes evident. Although there
are many commentators introducing the notion
of a new cold war era, between the US and
China, we argue that there are two important
differences: First, China is by far not as self-
sufficient in raw materials as the Soviet Union
was at the time of the cold war.
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The Soviet Union could virtually operate
without significant cross-border trading,
particularly for energy (Allen 2001) while China
is, for example, heavily dependent on energy
imports. Also, by overlaying the maps, it
becomes clear that China is not as rich in
resources relative to the size of its economy
and its population than its geopolitical rival, the
US. China exhibits many dependencies, from
water, food to energy. From an efficiency point
of view, China is significantly less efficient in
the use of resources as it produces about three
times less wealth from each liter of water
compared to the US, and the US generates
almost 40% more wealth per unit of employed
energy resource than its geopolitical rival
(World Bank data portal 2019). However, China
is catching up and also has a very strong
standing in terms of resources for minerals and
metals, which are key ingredients for the
technology and national security sector (see
figure 28).

Figure 28: All the scarcities: Water, food, minerals, energy and know-how
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Second, China’s military power relative to its neighbors is
still less developed relative to the military strength of the
Soviet Union at the time of the Cold War—to illustrate this
point, China has about 410 nuclear war heads, India 164
and Pakistan 170, whereas Russia and the US still have
more than 5’000 operational war heads, according to the
Federation of American Scientists (Kristensen 2023).
Hence, for a country that shares borders with two strong
global powers—Russia and India—the regional
dominance of a new Cold War style bloc in the east will
be more difficult to establish for China than was the case
for the Soviets before 1991.

This also highlights the inferiority of China in military
power terms relative to the US. Taking into account, for
example, the numbers of military bases abroad—China
has about 5, Russia has 36, the UK has about 145, and
the US 750 (Vine et al. 2021). Similarly, the US and Russia
still lead the global firepower index that measures military
strength (GFP 2023). There is a high risk, however, that
China, Russia, and the US, among other players, would
enter opposing sides of proxy wars, as was the case
between the US and the Soviet Union during the Cold
War.

The Center for Systemic Peace (CSP) tracks armed
conflicts around the world and recently registered an
increase in the number of armed societal wars—like the
elevated numbers of wars during the Cold War and its
proxy conflicts (see figure 29).

Faultlines emerge and could become entrenched China
works hard to reduce its shortcomings and
dependencies, particularly regarding the US. These
actions do highlight China’s underlying dependencies. To
meet its energy needs, it cooperates with the Middle
East, particularly Saudi Arabia and Iran—two countries
that have been heavily involved in armed conflicts with
other states for years.

China, besides India, currently profits the most from the
Russian invasion in the Ukraine, with the resulting Western
sanctions and cheap oil from Russia (Heussaff et al. 2023).
The conflict in the Ukraine diverted the flow of resources,
mostly energy, out of Russia, from Western Europe now
towards the East. A ‘great resources divide’ seems to
emerge around Russia as the new big fault line, which
makes resource flows more aligned to the current
geopolitical alliances. Furthermore, China is trying to
secure access to precious resources in Africa but still
caters to its biggest export destinations aside from the
ASEAN countries—the US and Europe.

In summary, China’s dependence on other trading
partners, its strong trade (export) relations with large
countries like the US but also the European countries and
its strong neighbors mean that China faces serious
challenges in establishing a bloc with other nations while
under its own lead. Unfortunately for China, some of its 19
neighboring countries, and particularly Russia, are in
rather unstable political conditions. This is a problem for
China as any kind of social unrest and political turmoil
could spillover, as several studies confirm (Barret &

Chen 2021).

Mutual trust and relations need to develop further in line
with China’s global aspirations in order to achieve an
aligned and mutual foreign policy, forming a geopolitically
solid appearance. Of course, older alliances such as
NATO and younger ones like the EU can also at some
point weaken, but the historic ties grown over decades
makes them less vulnerable, at least in the short run.

Figure 29: Since the end of the cold war, proxy wars declined but lately, they seem to increase again
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Nevertheless, the latest rapprochement between Russia
and China is a big opportunity for the latter as it opens
access to a large set of resources. Hence, the US and its
allies fear any further coalescence between the two. On
the other hand, this shows how important productive
alliances are, even for the strongest geopolitical players.
On the flip side of the coin, smaller and geopolitically
weaker countries can play important roles in the global
power game, when they can secure and distribute
important resources to the world and its important powers.

This is why the most likely geopolitical outlook speaks for
a multi-polar world, In this scenario, alliances can change
swiftly, particularly with swing states that are resource
rich and economically and politically independent enough
to negotiate the best conditions on a periodic basis.

Such countries with globally valued resources, can be
found in Latin America, Africa and the Middle East, which
will make these regions battlegrounds for the geopolitical
heavy weights. The current tendencies of states on these
continents—such as Colombia, Bolivia, but also South
Africa or Uganda and Iran or Qatar—were to side more
strongly with Russia over the last quarters, increasing the
bipolar gravity between the Western Alliance lead by

the US and the Eastern Alliance led by China, and
supporting Russia.

However, also here it remains to be seen how strong the
ties between China and Russia are, once China further
increases its trading relationship with the many central
Asian countries that were former members of the Soviet
Union. The Russian leadership might react sensitively to
such developments. In contrast, NATO seems to have
become stronger after the Russian invasion in Ukraine.
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The fault lines beyond

Other fault lines exist, beyond the resources we assessed
in this paper. One could mention China’s ambition to
develop a global payment system that is based on its own
currency, so that the country can purchase commodities
in Remnimbi and can reduce its dependency on the US
dollar. Although this will be a long way off as the US dollar
still accounts for 40 % of global payments, while the
remnimbi accounts for only 2%.

Another issue is the ongoing fragmentation of the
worldwide web (see, e.g. Shahbaz et al. 2022). And finally,
the underlying demographical shifts (think of human
resources) within and across potential fault lines were out
of scope for this paper, but of course also of importance
for the geopolitical outlook over the next decades.

Two centers of gravity in a multi-polar world

It seems that the ongoing challenge between the US and
China regarding global leadership will likely lead to two
strong centers of gravity within a still multipolar world.
The US also depends on allied (and non-allied) trading
partners to fulfill its economy’s requirements for raw
materials and so does, to an even larger extend, Europe.
Yet, the US and its allies seem to have a longer history of
mutual trust and processes to align its various
geopolitical aims, making them still the strongest and
well-positioned force in today’s geopolitical framework.
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The case of the solar panel industry and how Europe lost its dominance to China

Historically, global solar installations were dominated

by European countries, particularly Germany and Spain.
A local supply chain was established in Europe, covering
the full value chain from the key raw material (polysilicon)
to wafer, cell and solar modules.

In 2014, China surpassed European solar installations
due to significant investments in leading-edge
production capacities supported by low electricity prices,
while manufacturing in Europe became too expensive. As
a result, China currently dominates the world’s energy
transition supply chains. This development has had clear
benefits: since 2010, the levelized costs of electricity
(LCOE) generation by solar was reduced by about 80%,
and solar energy has become competitive. Today,
80-95% of key solar products are manufactured in China,
creating a significant dependence in renewable
electricity generation comparable to that of fossil
fuels/gas and Russia before the Ukraine war. China is
home to the top five companies across each step of the
value chain, except Germany’s Wacker Chemie in
polysilicon and US-based First Solar in thin-film modules.

Barriers and onshoring

The US reacted to this in several ways using a carrot-
and-stick approach. On the one hand, significant import
tariffs and hurdles like the Uyghur Forced Labor
Prevention Act were implemented, significantly slowing
down module imports from China. On the other hand, the
US also now offers generous tax credits, thanks to the
Inflation Reduction Act (IRA) announced in August 2022,
which should stimulate local production. The IRA will
make the US the cheapest production cost region for
solar in the world.

Based on active and planned assets, US solar module
assembly capacity is set to reach almost 47 gigawatts
(GW) annually by the end of 2024 (5 times more than the
9 GW today). With around 50 GW of annual installations,
the US would be able to meet its demand locally.

The US is not alone in looking to onshore manufacturing.
The EU and other countries, such as India, have
announced plans to expand local manufacturing. For
example, the European Commission launched the Solar
Photovoltaic Industry Alliance in December 2022 to
develop a European solar-Photovoltaic (PV) ecosystem.
The EU has also defined a target of 30 GW a year of PV
manufacturing across the entire supply chain by 2025.
However, this reorganization will be costly. Europe will
need to invest an estimated $149 billion in manufacturing
plants to meet its entire clean energy demand locally by
2030, according to BloombergNEF (note: this includes
batteries, solar, hydrogen, etc.)

Figure 30: China records the highest global share
of solar installations (percent)
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It’s not just the establishment of new manufacturing
plants that comes at a significant cost. Replacing low-
cost and efficient large-scale manufacturing capacities in
China with smaller-sized facilities in high-cost countries
will result higher prices for consumers.

Given the high electricity costs and production cost
disadvantages in Europe, companies need strong
visibility and long-term planning security to define solid
business cases and de-risk potential investments,
without which they will have limited interest in investing
in Europe given the severe boom-and-bust cycles we
have seen in the European solar industry before.

The latest International Energy Agency (IEA) report
proves that large-scale deployment of renewable energy
generation and energy efficiency measures does reduce
the carbon intensity of our economic activity. Conversely,
the higher emissions from developing countries in Asia,
ex-China, show that rapid economic growth is associated
with energy demand growth when installations of
renewables lag. Therefore, accelerating the transition of
energy supply to renewable sources globally is of great
importance. Moreover, energy efficiency and behavioral
change can further reduce energy usage and, with them,
dispel supply security concerns.

Vontobel’s Listed Impact Team think that subsidy-
driven businesses ask for an active management
approach, as the investment rationale may change
abruptly once rules change. We invest where subsidies
provide tailwinds for the further development of
related businesses, but we focus on companies where
economically viable solutions should be able to gain
market share globally and over long-term periods,
irrespective of temporary policy support.

The team manages strategies that offer attractive
opportunities for investors to invest in a broad range of
companies providing scalable solutions (equipment
and services) that support the transition to a low
carbon economy , and aim for a double dividend—
attractive financial returns and positive impact.
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The case of battery electric vehicle (BEV) value chain:
From a global market back to a divided one

Pre-Covid, global electric vehicle (EV)
penetration was 2-3% and battery costs
declined by 5-7% annually. Production of any
BEV that approached higher volumes was
limited to Tesla and Asian battery producers.
Aggregate investment was in the low tens of
billions annually.

The world has changed. EV vehicles began to
really compete economically against internal
combustion engine (ICE) vehicles. The topic of
batteries became a global one, and the amount
of capital involved is 10 to 20 times higher than
it was pre-COVID. Battery technology is still
maturing and production costs are further
reducing, but the major change is the quantity
of capital and climate-oriented stimulus
policies, especially outside China.

The difference between the West and China
In China, EV vehicles compete economically
against internal combustion engine (ICE)
vehicles. This is not the case in the EU and US;
however, there are incentives through
subsidies. Over the next 5-10 years, the
emerging battery economy will see BEVs
become vastly superior in cost and capability
to ICEs. It is expected that the EV penetration
rate will be around 50% by 2030 compared to
12%in 2022.

The landscape of the global battery production
seems to divide into two regions: China and
elsewhere. China purchases 60 % of all EV cars
globally and dominates the EV battery value
chain 9 (see figure 31 below)—it manufactures
over 60% of EV battery cells and 70-90% of all
EV battery components. This dependency on
China has concerned the US and, to a lesser
degree, Europe, resulting in the US Inflation
Reduction Act (IRA) and the EU Critical Raw
Materials (CRM) Act.

Figure 31: China dominates the market for key battery materials
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Low capacity, high demand

The new regulations together with battery
capacity expansions in Korea and China are
expected to lead to a global surplus. However,
ex-China battery supply and demand will
remain tight until at least 2025 due to high
demand growth and low existing capacities.
Thanks to large subsidies, the IRA supports US
local manufacturers against Chinese imports.
Europe is still expected to buy cars, battery
cells, and components from China.

Korean battery cell and component
manufacturers are the main beneficiaries of the

US IRA and the tighter ex-China battery market.

Korea has motivated its companies to expand
their capacity in recent years, and the country
is the second-largest EV battery producer. All
other nations remain in an infancy stage in
terms of scale and technology. In Korea,
technology leadership, economies of scale,
extensive vertical integration, and protective
regional policies mean most Korean companies
appear well positioned. Higher EV sales growth
rates in the US should also be supportive.

In 2022, the Chinese EV market grew by over
100%, and most cars, cells, and components
were close to being sold out by the end of last
year. The phase-out of subsidies, and a price
war in China instead resulted in lower EV sales
in the first half of 2023. Together with the
announcement of the US IRA and the more
challenging access to US markets, share prices
in Chinese EV-related companies have barely
achieved a positive performance YTD
compared to over +50% YTD on average by the
Koreans.

Discernment is key

The current oversupply in China does not mean
that this is a losing game for all Chinese
companies. In recent years, investors did not
distinguish between market positions, purity to
the EV theme or business strategy. 2023 is
likely to be the beginning of a period where the
right stock picks can generate attractive alpha.
Cost leadership, vertical integration, greater
scalability, recognized product quality, and an
outstanding customer base with binding
contracts will be key elements for success.
Furthermore, building the full value chain in
Europe and the US will take time.

Vontobel’s insights: A word from our investment teams 49

At the mtx team, we believe in the growth
of EV vehicles and the attractive growth
perspective of EVs and their supply chain.
We are invested in a broad range of
companies providing autos, batteries,
components, equipment or services along
the EV supply chain in our Vontobel mtx
strategies. As in every new industry,
innovative changes are likely to impact the
way vehicles are built, the manufacturing
process of batteries or in product
chemistries. Hence, we constantly evaluate
our investments and their suitability.

Il
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Transition, which transition do you mean?

Human ingenuity could initiate several transitions
towards more efficient and/ or cheaper sources
of energy. The most prominent ones are the
transitions from wood to coal, coal to ail, coal

to natural gas, or coal to nuclear power.

A close inspection shows some odd things: did
the world really transition out of old and
inefficient energy sources like coal or wood, as
today’s consumption of both is higher than in
the 60s? Or could it be that new technologies
and innovations simply stimulated more
economic activity but also offered the old
energy sources at a cheaper price to the rest of
the world, thereby accelerating overall demand
for energy? Population growth multiplied by
rising income will continue to drive up demand
for energy, and the Energy Intelligence Agency
even projects that energy consumption will
accelerate by more than 50% over the coming
two decades. As energy consumption in the
Western world plateaus somewhere around
mid-2030, consumption in developing
countries jumps. When forecasting future
energy trends, you should be more right about
the future energy mix in developing countries.

Most countries signed the Paris Agreement in
2015 with a clear ambition to reduce
greenhouse gases: decarbonization by
electrification should rebalance the energy mix
towards wind, solar, and biofuels. Where do we
stand at the end of 2021?

The good news is that the share of renewables
(wind, solar, biofuels, other, excluding nuclear
and hydro) increased from 2.8 % to 5.7 % of
global energy consumption, while a bit
gloomier interpretation is that global oil gas
and coal consumption grew another 7% and
would be above 10% if trend demand growth
was not interrupted by Covid-crises.

How can we explain that transitions moved
slowly and why did consumption of fossils kept
growing? Apart from reasons already touched
upon in this paper (energy mix of developing
economies shifts the balance) the transition to
renewables differs from all previous ones.
Renewables have a very low CO2 footprint, but
in terms in energy efficiency (and thus total
costs) they score mediocre.

Below, the energy returned on energy invested
(EROEI) demonstrates why polluting energy
projects remain popular in budget constrained
regions. Coal, gas oil projects produce
significantly more energy during their supply
chain vs the CO2-friendly alternatives. Some
energy sources like biomass occasionally
consume more energy than they ultimately
generate (see figure 32).

Figure 32: Renewables are CO2 friendly but energy intensive

EROEI, Energy Return on Energy Invested, shows how much energy can be obtained from a particular source relative
to the energy demand used to create the source (Reported in x-fold to the energy demand during production)
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Technological breakthroughs will further shift
the balances in favor of renewables but
developing economies remain hesitant to be an
early adaptor: costs, intermittence,
diversification, and geopolitics unfortunately
remain their key considerations.

The above projections on future energy mixes
were sketched from a demand perspective,
but what about the supply response? Western
companies and investors are divesting from
fossils, even though fossil demand will plateau
over 20-30 years. Current oil and gas fields
see a steady 2-4% annual decline in
production, meaning that large supply
shortages loom, so it is no surprise that
divestment from the West will be closely
examined in Non-OECD countries, with
geopolitical consequences. The Ukraine war
already gave a clear example how vulnerable
commodity importers like Europe are for
supply shocks.

Renewables and expanding power grids will
accelerate the demand for copper, lithium,
nickel, cobalt and others, but on the metals
front, the supply side is even more critical than
for fossils. Production is concentrated in4 - 5
countries, whilst smelting and processing is
fully dominated by China. Also, since the peak
in metal prices around 2007, no new major
mining capacity has been added meaning that
copper production is set to peak around
2026-2028.

Vontobel’s insights: A word from our investment teams 51

The situation might further worsen considering
that current copper production runs on mining
projects that had more than 3% copper ore
grades when started at the previous metals
bull market. Current mining projects have ore
grades of less than 0.3% making them
uneconomical at current price levels. Copper
prices need to increase to incentivize
investments.

Investing in commodities always requires
scenario planning, given that volatile factors
(such as politics, technology and macro) can
lead to different outcomes. Without immediate
investment in metals production the transition
to renewables can fail.

Vontobel’s Commodity team invests in a
diversified universe of commodities
futures. Depending on the exposure, our
strategies will be tailored towards those
commodities that would strongly benefit
from the above transitions (metals baskets,
emissions, biofuels and gas).
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Megatrends

Resource efficiency in agriculture and food production

The inefficient use of resources is apparent at
various stages of the food supply chain, from
growing crops to food processing and final
distribution. Water and agricultural chemicals
such as fertilizers and pesticides are essential
but often wasteful and detrimental to the
environment. Agriculture is responsible for
70% of global freshwater use, a significant
concern considering the emerging water crisis.

Furthermore, agricultural chemicals are
indispensable to maintaining food security.
Removing their use would reduce farming
output by around 50 %. However, technological
solutions are being developed to improve
resource efficiency.

Precision agriculture is a rapidly growing field
that uses different technologies to optimize
crop yields while minimizing inputs, waste, and
environmental impact. The range of
technologies used includes GPS, remote
sensing technologies such as drones and
satellites for data collection, soil sensors to
measure key variables, variable rate technology
for targeted application of agricultural
chemicals, and robotics and automation to
perform tasks such as planting, harvesting, and
pruning with greater precision and efficiency.

Figure 33 depicts efficiency gains from the use
of precision agriculture technologies compared
to traditional farming methods that should lead
to a decrease in water, herbicide, energy, and
fertilizer use by 20 to 25%, and an increase in
crop yields by more than 10%.

The growing awareness of the need for
sustainable agricultural practices, supported
by initiatives such as the European Green Deal,
will contribute to a faster adoption of
technology in agriculture. Indeed, the EU Green
Deal has set several hard targets in terms of
reducing pesticide and fertilizer use by 2030.
Farmers will have to meet these targets to be
eligible for subsidies, which often represent a
substantial part of their income. Today,
precision agriculture is one of the most viable
ways to meet these targets.

Our Megatrends team believes that feeding
a growing population in a sustainable
manner is one of the major challenges we
will need to face in the decades ahead. We
are invested in a broad range of companies
that provide solutions for increased
efficiency of food production, protection of
the environment, and improvement of animal
and human welfare. We constantly evaluate
our investments and their relevance

to the theme.

Figure 33: Precise agriculture technologies can significantly reduce the use of resources
Reduction compared to total resource consumption, in percent

Water use Herbicide use

Source: AEM 2021.
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Connecting the dots
for investors

In assessing the current and predicted situation for resources (both
natural and material) and their complex relationship with geopolitics,
several clusters of consideration for investors become apparent:

The emergence of a multi-polar geopolitical
environment with two centers of gravity

Such a world order looks set to emerge in the
decades ahead and would revolve around two
centers of gravity: China and the US. It’s not a
replication of the more clearly formed bipolarity
(in the shape of two blocs) that existed during
the Cold War era. Even excluding demographic
shifts or financial resources, China doesn’t
appear to be self-sufficient enough, particularly
in the field of energy, to enable it to become
sufficiently independent to achieve an
unrivaled bloc leadership over the longer-term
among its potential allies.

The US-led center of gravity looks relatively
better positioned

On the other hand, the current US-EU-NATO
bloc still appears well positioned and
equipped, particularly when it comes to the all-
important resource—know-how—a resource
that is a facilitator and enabler for all other
material resources and hence the most
important of resources.

Nevertheless, the US, and more so Japan or the
EU, following the decision to reverse energy
dependence on Russia and move towards
renewable energies, are confronted with
another dependence in the form of minerals
and metals. For some of these materials China
has close to a monopoly, and other countries
that are not NATO members also have
substantial leverage.

Additionally, regarding materials and
components for the tech sector of military
technology, the dependency and vulnerability
to trade distortions remain very high. Most
prominently, the green transition towards
renewable energy will demand a lot of fossil
fuels, so that the EU, Japan, and South Korea,
for example, will remain dependent on other oil
and gas exporting countries besides Russia.

China has scarcity issues to address

Though China is continuing to catch up in terms
of geopolitical power relative to western nations,
it appears more vulnerable in many resource
dimensions than is usually considered.

Energy is a key issue for the nation, with food,
water, and know-how also scarce to some
extent. In addressing these challenges, China
is clearly looking to move away from western
dependencies. Here, also the latest
coalescence with Russia is welcome as the
country holds an abundant set of natural
resources and access to them is of paramount
importance to China, if it wants to grow further.

But naturally, there is always a flip side of the
coin, the cheap energy from Russia comes also
with the threat of a big state that could swiftly
drift into political instability, right at the
Chinese border. Several studies confirm that
social unrest and political turmoil can quickly
spill over to neigboring countries, particularly
when ties are strong (Barrett & Chen 2021).
The USA, for example, does not face such a
situation in the foreseeable future, with its two
politically stable neighbors.

Trading relations with Africa and the Middle
East are being strengthened too. And China
hopes to pay for commodities with the
renminbi and its own clearing system, moving
payments away from the US dollar and western
clearing systems such as SWIFT or CHIPS.

However, with almost 60 % of global currency
reserves held in US dollars (only about 3% for
the renminbi), over 40% share of the global
payments system (only about 2% for the
Renminbi), the US dollar will remain key for
geopolitical considerations and remain the
number one currency for investors for decades
to come (Eichengreen 2022).



Trade reliances and alliance shifts: What
should investors expect?

Virtually all nations appear quite dependent on
other non-allied countries from a resource
point of view. Going forward, there are a few
points investors should consider. The
International Chamber of Commerce (ICC)
compared several studies where, depending on
the scope and pace of trade derogations, the
US-centric bloc’s hit to GDP ranges between
1-8%, while the Chinese-led bloc could lose
up to 12% of GDP over the long term.

Acknowledging this interconnectivity can help
reduce inter-state conflicts (Gartzke 2007,
Jackson & Nei 2015) and this is a positive
geopolitical side-effect of nations’ quest for
resources. If the new multi-polar geopolitical
environment emerges revolving around the US
and China, other large countries should retain
decisive roles, including India and Russia, but
also resource-rich countries in the Middle East
like Saudi Arabia and Iran, and certain African
and Latin American states. Investors should
expect more volatile and fragile alliances of
geopolitical partners beyond NATO.

Other global players will likely shift the focus of
their alliances between China and the US as
they attempt to leverage their negotiating
power. Competition between global
superpowers can lead to an increase in proxy
wars (DeSoysa 2017, see also figure 29). This is
particularly likely when the state is important
due to its resources, and looking at current
surveys of global trends in armed conflicts,
presented in figure 29, seems to confirm this
picture (UNEP 2009 & 2015).

Actively managed portfolios could be set
to benefit

The complex, inter-related geopolitical
scenario we outline could be an ideal
environment for actively managed portfolios.

Investors could take advantage of the
opportunities that will arise from these
developments and invest in assets that benefit
from the geopolitical drive outlined here—
greater independence from major trading
partners, the upcoming climate changes and
the promotion of renewable energies.

See our insights section for commentary from
four of our investment teams, explaining how
they operate in this emerging multi-polar world
and how they aim to deliver future-proof
investment solutions for their clients.
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