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1. CONTEXT
Our world is facing a Global
Resource Challenge. It has become
blatantly evident over the last 15
years, a period of financial crisis as
well as food crises, energy crises and
water crises events. The historical
background to this is a world in
which the gradual decline in resource
commodity prices over the previous
century has been reversed by a steep
increase since the 1990s. The
McKinsey Commodity Price Index
(see Annex) illustrates how spikes in
resource prices during the previous
century have been accompanied by
dramatic events such as the first and
second World War as well as the
1970s Oil Crisis. For some, this
signals key risks that communities
and industries face world-wide. Yet
for others, it also signals major
opportunities. Authors Heck and
Rogers (2014) have argued that we
face a third industrial revolution,
namely that of the Resource
Revolution during the period 1990 –

2030. This follows the revolutions of
Mechanization (1770 – 1840) and
Urbanization (1880 – 1920).
Figure 1: Wholesale commodity prices in
the USA and industrial revolutions
(source: Heck and Rogers 2014):

potential. Downturn in global
economic growth as felt more
recently along financial crisis of the
late 2000s can be followed by a new
Kondratieff centered around for
example new nano and
biotechnologies as suggested by
Allianz Global Investors (see Figure
below).
Figure 2: Kondratiev cycles (source
Allianz Global Investors 2010):

The above reminds of cycles of
growth and transition as highlighted
by the so-called Kondratiev cycles.
Economist Nikolai Kondratiev
described these in his 1925 book The
Major Economic Cycles. Economists
have noted that economic growth
tends to come in long waves of
prosperity, each driven by the spread
of new technologies and structural
economic change. Declines in growth
are periods where old economic
structures exhaust their growth

Global commodity price indices
reflect the movement in price of
wholesale commodities such as
metals, chemicals, fuel, foods
agricultural products and building
materials. Their usage can dominate
production costs, as is seen in the
example of Germany where material
inputs (excluding direct and indirect
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energy costs) take some 40 percent
of total production cost in the
processing industry. The global scale
of increasing resource use is
astounding, as reported by the
International Resource Panel (IRP).
During the 20th century the annual
extraction of ores and metals
multiplied by 27, construction
materials by 34, fossil fuels by 12 and
biomass by 3,6. Total material
extraction increased by eight times.
The extractions of many metals have
followed an exponential growth path.
The Living Planet Index (WWF)
highlights the consequences of such
resource use. It reports a 52 percent
decline in vertebrate species
populations from 1970 – 2010. We
have exceeded our Planet’s
biocapacity since the 1970s.
Considering the amount of
biologically productive land and sea
area we need to regenerate our
planetary resources, we need 1,5
Earths to meet the demands that
humanity currently makes on nature.

Exploring the global resource
challenge from a sustainable
development point of view, the
International Resource Panel (IRP) of
the United Nations Environment
Programme (UNEP) has explored the
possibilities of decoupling economic
growth from both resource use
(resource decoupling) and negative
environmental impacts (impact
decoupling). It defines decoupling
(more in session 2) as using fewer
resources per unit of economic input
and reducing environmental impact
of any resources used or economic
activities undertaken (IRP
Decoupling I Report 2011). Its
research and series of reports in this
area has started with a focus on
material resources for which, in
principle, accounting schemes exist at
high (global, national, sector)
aggregate level. These are energy,
materials, water and land. Building
on the science of Material Flow
Accounting (MFA), its first
decoupling report (IRP 2011)
focused on biomass, fossil fuels,
industrial minerals and ores, and

construction minerals. It recognizes
that leading research on energy
resources is captured by the IPCC
Assessment Reports as well as the
Global Energy Assessment conducted
by the International Institute for
Applied Systems Analysis (IIASA).
QUESTION:
What drives the increasing use of
resources – land, water, biomass,
energy, materials – globally?
-

Population growth?
Migration?
Modernisation?
Growing income levels?
Greed?

1.1 Drivers of change: population,
income and urbanization
Two dominant drivers of change in
global resource use are that of
population and per capita income
growth. Considering the related risks
and opportunities, an additional
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driver of change can be added,
namely that of urbanization.
QUESTION:
What is the total world population
today? What is it expected to be by end
of this century
-

1 billion?
5 billion?
10 billion?
40 billion?
1 trillion?

The IRP`s Decoupling I Report (2011)
noted from historical data that a very
inelastic relationship exists between
resource use and population
numbers. Consider that the world
population increased from 1.65
billion to over 6 billion during the
20th century. By 2011 our global
population exceeded 7 billion. It is
expected that the world population
would pass 10 billion before the end
of the 21st century. And while the
overall population growth rate has
fallen since 1963 to some 1.3 percent
today, one has to consider that the

number of additional people on the
planet each year today is so much
more than in the 1960s. Also, in
Africa total population is still
expected to double to almost 2,5
billion people by 2050. The median
age of people in African countries is
increasing slower in Africa compared
to other developing regions,
highlighting also the younger
composition of its growing market.
Increasing income drives the
volume of resources that each citizen
consumes upwards. Of course per
capita incomes have been growing
unequally world-wide, with large
disparities between countries and
between individuals within countries.
As an example, one person in India
uses on average four tons of
resources per year, compared to an
average of 25 tons used by a
Canadian annually.
The growing gap between rich and
poor in different parts of the world is
itself a factor of risk amidst growing
competition for scarce resources.

This can be addressed by
governments seeking to put their
national economies on different types
of growth paths. It can also be
addressed by companies seeking to
promote their business growth in
ways that reflect social responsibility
and alternative ways of sharing value.
It has been estimated that within the
next 20 years, there will be an
additional 3 billion people worldwide
enjoying “middle class” income
levels. That comes on top of the 1.8
billion with middle income today. As
ever-increasing shares of the global
population aspire to reach better
standards of living, ever-greater
resource use is expected. This brings
us back to global averages. The
overall result of growth globally leads
to averages that signal warnings
related to the direction the global
economy is heading. A hundred years
ago, average global per capita
resource use was 4.6 tonnes. By the
late 2000s the average per inhabitant
was between 8.5 and 9.2 tonnes
annually.
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Future trends in resource demand
will be heavily influenced by growth
in emerging markets. The pace of
increase in resource demand will be
amplified by fast increasing incomes
(starting from a low base) in
populous lower-income nations. If
emerging market populations adopt
similar technologies and lifestyles to
those found today in OECD markets,
for example global metal needs will
be three to nine times larger than all
metals currently used in the world.
Demand for food, feed and fibre could
increase by 70 percent by 2050. One
scenario, in which all citizens globally
reach the level of resource use of the
average European today by 2050,
annual resource extraction would
need to triple by 2050 compared to
extraction in 2000. Evidently our
planet will not be able to cope with a
global economy based on
continuation of the current highconsumption model.
The third dominant driver of change
in global resource is that of
urbanization. The IRP Cities

Decoupling Report (2013) describes
the global context, amidst a second
wave of urbanization since the 2000s,
as follows:
•

•

Global economic production and
consumption is concentrated in
cities: 80% of global GDP is now
produced in cities, with 60%
produced in 600 of the most
productive cities where one fifth
of the world’s population now
lives.
Global resources consumption is
concentrated in cities: by the year
2005, approximately 75% of
global energy and material flows
were consumed in cities, which
covered just 2% of the land.

Just as countries have metabolic
(resource use per capita) rates, so do
cities. Cities usually have a lower
metabolic rate than the countryside,
as they rely upon peripheral areas for
highly energy- and materiallyintensive services such as raw
material extraction. Normally as GDP
per capita increases, the metabolic

rate of a city increases. At the same
time, cities concentrate large
numbers of people into small places,
and they also concentrate the
knowledge, financial, social and
institutional resources required for
sustainability-oriented innovations.
This captures the dilemma of cities
for sustainability: they drive the
global unsustainable use of
resources, but they are also where
the greatest potential exists for
sustainability-oriented innovations.
Having said this, urban infrastructure
could become a primary focus of
sustainability-oriented innovation in
cities worldwide – in particular as
regards water use, energy use,
buildings and mobility.
QUESTION:
With GDP growth rates of up to 10%
per year during the 2000s, the BRICS
countries of Brazil, Russia, India,
China and South Africa host what
percentage of the world population?
-

15%?
28%?
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-

35%?
42%?

1.2 Risks: higher prices, volatility and
scarcities
These drivers and related trends in
resource use and resource scarcity
present Risks and Opportunities for
business that result from its
consequences. A key risk, both for
natural systems and human systems
(incl industries, national economies), is
that of Disruption. Disruption in
economies and markets can result from
the following consequences of increase
resource use:

risen by 176 percent, rubber prices by
350 percent, energy prices by an average
of 260 percent and food prices by more
than a 100 percent. Some predict that
global food prices may increase by close
to 200 percent by 2030. With these
increases come inflationary effects. The
trends lead to increase in material costs
for business from all sectors. This has
been confirmed by for example surveys
by Eurobarometer among European
firms. The implications are most evident
in manufacturing. Consider the relative
portion that materials make up in the
cost structure of German manufacturing:
Figure 3: Cost structure in the German
manufacturing industry (2008) (source: IRP
DC II 2014)

i. Increasing resource prices
ii. Increasing price volatility
iii. Increasing resource scarcities
Resources prices are influenced by both
market trends (supply & demand) and
governmental regulation (e.g. subsidies
and taxes on resource use).
As highlighted by McKinsey Global
Institute, since 2000 metal prices have

Increasing price volatility will follow as
speculation and a scramble to acquire
resources impact on markets. During the
2000s, commodity price volatility was

higher than any other decade in the past
century. It among others reflected
strong linkages between energy, water
and food production. Following the
biofuels debate in the late 2000s, the
Food and Agriculture Organization (FAO)
reported that the volatility of food prices
increased 22.4 percent in 2000-2012
compared to 7.7 percent in 1990-1999.
Correlation across commodity groups
has become a key driver of volatility. In
addition, commodity price volatility and
this interconnectivity has security
implications for societies world-wide.
This was evident since the 2000s with
some countries experiencing food riots
and others civil unrest in the form of the
Arab Spring.
Increasing resource scarcities imply
especially resources such as land,
freshwater, fish and critical metals. The
expected rise in demand for food, fiber
and fuel will increase pressure on land.
By 2050 over 800 million hectares of
natural land may be converted to
cropland. Along with expanding cropland
use comes as well land degradation,
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which today affects at estimated 23
percent of global soils. Unease about the
availability of cropland in recent years
has led to the acquisition of land by
foreign investors. Foreign investors
globally bought land equivalent to the
geographical area of France for export
production in 2012.
Considering rising global demand for
water, available supplies may satisfy
only 60 percent of world demand in 20
years time. Water tables are falling
rapidly in highly populated countries
such as the major grain producers China
and the USA. While dams contained four
times more water in 2008 than in 1960,
freshwater scarcity and water stress
could affect more than 3 billion people
by 2030.
The FAO has found that 35 percent of
fish stocks globally were overexploited
or depleted, and around half fully
exploited by the mid-2000s. Examples of
stocks of large fish collapsing or
disappearing can be found in Atlantic
stocks of the Bluefin tuna that has been
reduced by 94 percent. A study of global

commercial stocks in 2012 estimated
that more than half the stocks worldwide were shrinking year-on-year.
Some resource scarcities also have direct
impact on the development and diffusion
of new technologies. Of special
importance are metals and minerals. As
metal concentrations in accessible ores
decline further, the metals become
increasingly costly to extract and
produce. ICT industries face the risk of
growing costs in the supply of rare
metals. With less than 1 percent of
speciality metals recycled today,
recycling is not succeeding in mitigating
these risks. The US Geological Survey
has found that some of the world’s key
metals may be facing shortage within the
coming 50 years. Declining quality in the
deposits of phosphate rock may also put
at risk the supply of phosphate for
fertilizing in agriculture during the
coming two decades.
The disruption of environmental systems
due to unsustainable resource use can
take various forms. One global example
is climate change and the fact that use of

material resources is strongly linked
with levels of fossil fuels burnt. The IEA
has predicted that world energy demand
since the mid-2000s may increase by
over 60 percent by 2030. The case of oil
presents the risks of peak production
and stranded assets. Research suggests
that a peak of conventional oil
production before 2030 appears likely
and that there is a significant risk of a
peak before 2020.
Other examples of disruption in
environmental systems relates to the
loss in biodiversity. This is due to our
overexploitation of various services
provided by nature. The TEEB studies
and associated research of recent years
have for example estimated the
economic losses associated with
degradation and unsustainable use of
our natural resources. It suggested that a
business-as-usual (BAU) scenario may
leave us with a loss of up to US$ 4.5
trillion or 7 percent of GDP per year by
2050. Previously, the Stern report
(2006) on climate change suggested a
cost of up to 20 percent of GDP per year
by 2050 should we continue with BAU.
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BOX 1: International scientific reports and
sources on the impacts of global resource
use, including climate:
Global Environmental Outlook (UNEP GEO):
http://www.unep.org/geo/
UNEP GEO-5 for Business:
http://www.unep.org/geo/pdfs/geo5/geo5_fo
r_business.pdf
Millennium Ecosystem Assessment (2005):
http://www.millenniumassessment.org/en/in
dex.html
The Economics of Ecosystems and Biodiversity
(TEEB): http://www.teebweb.org
Intergovernmental Panel on Climate Change
(IPCC): http://www.ipcc.ch
Human Development Reports (UNDP):
http://hdr.undp.org/en
OECD DAC Development Reports:
http://www.oecd.org/dac/development-cooperation-report-20747721.htm
Worldwatch State of the World Reports:
http://www.worldwatch.org/bookstore/state
-of-the-world
WWF Living Planet Reports:
http://wwf.panda.org/about_our_earth/all_p
ublications/living_planet_report/

1.3 Can markets save us?
Can the market solve the resource
problems raised? Different views on
this have their origins in two worldviews
of two scholars who wrote in the late
1700s. Looking at growing population,
Thomas Malthus feared that the supply of
land was not sufficient to meet growing
food needs. He predicted widespread
famine. The other was Adam Smith, who
had more faith in the possibilities of
economic advancement as described in
his Wealth of Nations. Core in this
advancement is progress in three factors
of productivity: labour, capital goods and
land (for him the equivalent of natural
resources).
Historically, past industrial revolutions
have seen radical improvements in first
labour productivity (mechanization
including factories and steam engines)
and second capital productivity
(urbanization including construction
with the backing of large banks). These
included the arrival of new industries
and the end of others – i.e. winners and
losers. The current industrial revolution

as described by Heck and Rogers (2014)
is all about productivity in the use of
land and natural resources.
Will technological innovations and the
entrepreneurial spirit of the market save
us yet again from global resource
scarcity? In its Decoupling II Report
(2014), the IRP cautions that there are
some key factors different today,
implying we cannot put our faith in the
market alone:
i.

The scale and rate of change often
outpaces the supply side
response.

The IRP refers to the historical increase
in global GDP as proxy for the changing
pace of resource demand. GDP increased
six-fold from 1950 to 1998 at an average
annual growth of 3.9 percent. Compare
this with a growth rate of 1.6 percent
from 1820 to 1950 and only 0.3 percent
from 1500 to 1820. With the greater
scale of demand comes a far greater
increase in resource use. This has been
enhanced since 2000 by the growth of
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China and other major emerging
markets.
ii.

Historically, growth in developed
countries has used resources
from other countries.

This highlights the fact that
industrialized economies have relied
increasingly for their growth to build on
the indirect use of resources, i.e.
resource extraction in developing
regions abroad. This refers to the socalled “ecological rucksacks” that some
researchers define for developed
economies. It includes the “virtual water”
embodied in agricultural imports from
developing markets. Research for the
Water Footprint Network in The
Netherlands has for example defined
“virtual water trade balances” between
countries for recent years. Many
countries do not have excess supply of
water to be able to continue this “export”
of water in decades to come.
iii.

Ore grades are declining, with
related impacts on other
resources.

For many metals, three times as much
material needs to be removed today for
the same quantity of metal extraction as
a century ago. With this comes increased
use in fossil fuel energy, land disruption,
as well as use of chemicals and water
(for example blue, green and grey water
as defined by the Water Footprint
Network and the new ISO 14046
standard). While technological
innovation may offset some of the
decline ion ore grades, it rarely avoids
the need for more of these resource
inputs to extract the same quantity of
metal. For business, production costs
increase as lower ore grades are
processed to keep up with increasing
demand in the global economy. Oil
production is a case in point, with the
cost of bringing a new oil well on line
having doubled between 2000 and 2010.
iv.

Linkages between energy
production, water, resources and
food

The linkage between uses of different
resources in supply chains have been
highlighted in reports of the World

Economic Forum, World Resource
Forum and others. The IEA has for
example suggested that current energy
policies will result in the volume of
water consumed for energy production
to double by 2035. In resource
extraction industries such as mining, the
intensity of water use is again related to
the cost of mitigating pollution per ton of
metals produced. More intensive,
commercial agriculture has to cope with
extreme weather events that again
impact agricultural productivity.
v.

Tipping points, sudden or
irreversible declines

Our climate and ecosystems present
complex interactions and feedbacks.
With this comes the risk that specific
ecosystem services may collapse in a
non-linear way if put under too much
stress. Examples are fishery collapses
(such as Atlantic cod off the coast of
North America), increased
desertification (such as found in Africa)
and possible irreversible climate change
globally. The impacts involved include
amplification effects across the system
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involved, similar to unpredictable
consequences of financial crisis in the
global financial system. At higher levels
of environmental damage, additional
depletion can take the system over a
tipping point that may be irreversible.
Consider the weakening of carbon sinks
such as forests. The tipping points have
also been highlighted in research in
Sweden on the so-called “planetary
boundaries”.
vi.

Many of the essential resources
are not adequately priced by the
market

Market forces rely on the price
mechanism to balance supply and
demand. Yet when natural resources are
not appropriately priced, including their
usage and conservation, these
mechanisms fail to have the desired
effect and we are left with market failure.
And while the prices of many resources
do not reflect scarcity, outdated
subsidies continue to have the effect of
simply encouraging their increasing use.
This applies to diverse resources
including freshwater, fish, fertile soil and

clean air. Natural resource economists
have sharpened the focus in recent years
in putting an appropriate price tag on
these ecosystem services. Research for
the Natural Capital Coalition has for
example identified the top 100
externalities in the global economy. In
2013 Trucost found that primary
production and primary processing
sectors are estimated to have unpriced
natural capital costs totalling US$7.3
trillion, the equivalent of 13 percent of
global economic output in 2009. The
majority of unpriced natural capital costs
were found to be from greenhouse gas
emissions (38%), water use (25%), land
use (24%), air pollution (7%), land and
water pollution (5%) as well as waste
(1%).

1.4 Starting the transition
Clearly we are faced with growing
complexity, which challenges the ability
of either markets or regulatory
intervention to solve the resource
problematique on its own. And with
risks come new opportunities. How

would the likes of Adam Smith suggest
we respond to the global resource
challenge of the 21st century?
On the opportunity side, national
economies and individual enterprises
have the possibility of reaching
Competitive Advantage (see IRP
Decoupling II Report 2014) through a
pro-active response. Strategic
considerations related to the
implications of global trends in resource
use include:
i.
ii.

Changing basis of competitive
advantage, and
Risks of disruption to existing
growth patters (Business-asUsual).

Let us focus on competitive advantage.
While the focus in national economies
and business has traditionally tended to
be on labour productivity, vast potential
for improvement in resource productivity
still remain to be accomplished. The
likely higher economic returns and short
payback periods have been highlighted
since the 1990s by research institutions
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such as the Wuppertal Institute in
Germany, the Rocky Mountain Institute
in the USA and The Natural Edge Project
in Australia. Considering currently
available technologies, the McKinsey
Global Institute has estimated that
resource productivity has the potential
to earn US$2.9 trillion each year by 2030
from resource savings. This estimate
rises to US$3.7 trillion per year if carbon
is priced and subsidies and taxation
aligned with policy goals.
National economies and companies who
move first will secure strategic
competitive advantage. Research by the
Wuppertal Institute has found a positive
correlation between country
competitiveness as indexed by the World
Economic Forum and material
productivity (GDP in PPP US$ per
kilogram of Domestic Material
Consumption) in the case of 26
economies.
Opportunities for not only relative but
also absolute decoupling or radical
improvements in resource productivity
can be even greater in emerging market

economies than industrialized ones. This
is, among others, due to less resistance in
industry to taking on completely
different investments and not being
stuck in outdated, resource intensive
technologies and infrastructure. As
highlighted in research by the
Sustainability Institute in South Africa,
this holds the possibility for business in
emerging markets to leapfrog stages in
the development of technological
capacity. The less saturated and growing
markets of emerging economies also
hold the promise of consumption habits
that may not automatically get locked
into outmoded patterns of destructive
mass consumption. This raises the
challenge of consumer behavior and
culture, notably of the urbanizing middle
class in rapidly growing cities of Asia,
Latin America and Africa.

How have economies and industries
traditionally succeeded in responding to
the alarm bells raised by Thomas
Malthus and more recently (1970s) by
the Club of Rome with its historical
Limits to Growth report? Looking at the
historical example, what path are
industries likely to follow today in the
making of the Resource Revolution? The
projected cycle of the Resource
Revolution identified by Heck & Rogers
(2014) involves the following phases
(see graphic):
•
•
•
•
•
•

Scarcity & volatility
Technological innovation
New business models
Industrial transition
Employment disruption
Resource prices stabilize

The flipside of taking on the above
opportunities is the risk of disruption to
BAU economic growth patterns. More
intensive trade linkages between
economies worldwide exasperate this,
including security of supplies such as
stressed commodities or food.
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Figure 4: Defining characteristics of resource
revolutions (Heck & Rogers 2014):

As the above (cf Annex) indicates, this is
a transition that unfolds over decades. It
involves winners and losers, the latter
being those operating in outgoing
industries. It presents the challenge of
combining different technologies and
sciences, shaping high productivity
growth to meet the needs of a growing
middle class, and rolling out new
management approaches and standards.
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EXERCISE QUESTIONS:

1. Reflect on the global resource
challenge and its drivers of
change (population, income
and urbanization). Make a list
of how this impacts your
industry, your company and
your business.
2. How do higher prices, price
volatility and resource
scarcities impact your business
today – as risk and
opportunity? How significant
will its impact be in the
medium and longer term?

3. Are the global resource
challenges highlighted in
Session 1 reflected in your
internal risk management
systems? Are they reflected in
your external reporting? Are
your Board members aware?
4. Which organization or research
institution can you contact to
learn more about this theme?
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ANNEX GRAPHS:
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Kondratiev cycles (source Allianz Global Investors 2010):
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Defining characteristics of resource revolutions (Heck & Rogers 2014):
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