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CHAPTER 3

Technological Innovation and the
Geopolitics of Energy

Severin Fischer

Technological change has a tremendous impact on societies in general,
including international politics. This chapter discusses the most important
recent and upcoming technological advancements in energy — horizontal
drilling with hydraulic fracturing, photovoltaics, and batteries —and their pos-
sible influence on geopolitical dynamics. For different reasons, China and the
US will have the biggest impact on the way we will discuss the geopolitics of
energy in the future.

Employees row a boat as they examine solar panel boards at a pond in Lianyungang, Jiangsu
Province, China. China Stringer Network / Reuters
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The public pressure caused by lives-
tream pictures from Tahrir Square
during the Arab Spring, the propa-
ganda machinery of the so-called “Is-
lamic State”, and US President Don-
ald J. Trump’s public communication
on foreign policy via social media have
one thing in common: All three exam-
ples show that technological change
and international politics are closely
linked. While new communication
technologies are certainly among the
more obvious examples for the funda-
mental impact of rapid technological
change, other sectors are also seeing
shifts of similar magnitude.

In the energy sector, technological pro-
gress used to unfold over decades rath-
er than months. In some cases, change
was accelerated by political decisions.
When Winston Churchill, as First
Lord of the British Admiralty, urged
his government to use oil instead of
domestic coal to fuel the Royal Navy
in the run-up to World War I, this not
only impacted the outcome of the war
and therefore the course of history, but
also revolutionized maritime transport
in the years to come.! In other cases,
exploration and technological progress
in drilling techniques turned the Mid-
dle East, which had been a relatively
poor region during the early 20th
century, into a geopolitical hotspot in
the 1960s and 1970s. Technological
innovations, though enthusiastically
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embraced, did not always become the
global success stories their proponents
had anticipated. This is true for nu-
clear energy, a technology that was
celebrated as a source of cheap and
clean electricity for everyone, but has
not lived up to projections.

Changes in the energy sector may
have an impact on various dimen-
sions of international politics, such as
security, trade, or environmental poli-
cies. However, it is difficult to project
their range and impact beforehand.
In this sense, this study is exploratory
and describes trends in technological
developments in the energy sector by
examining three technological devel-
opments at different stages of readi-
ness and deployment. The first is a
set of technologies that can be sum-
marized under the title “hydraulic
fracturing”, which has influenced the
position of the US in global energy
markets and will do so in the coming
years. The second technology trend is
the use of solar energy from photo-
voltaic cells, also commonly referred
to as “solar panels”. With rapidly de-
creasing costs and a massive extension
of industrial production, solar energy
is in the process of revolutionizing
energy systems around the globe.
The third part concentrates on the
effects of the upcoming wide-scale
distribution of batteries, not only for
the use of electric vehicles, but also
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for application in microgrids and for
other uses. These three technologies
have been chosen for analysis based on
the remarkable gains in economic ef-
ficiency and productivity that they of-
fer, their potential for bringing struc-
tural change to the energy sector, and
various specific endogenic dynamics
such as cross-cutting effects or market
design features, e.g., the possibility to
apply solar arrays and batteries on in-
dividual small-scale level. Analyzing
three technological developments does
not provide an exhaustive picture, of
course. But they offer the biggest po-
tential for disruption due to the way
they are changing the mode of think-
ing about energy. All three technologi-
cal developments are already influenc-
ing the role of energy in international
politics today, or will do so in the fu-
ture, and should therefore be watched
closely.

The Fracking Revolution: The
Emergence of US “Energy
Dominance”

Hydraulic fracturing (“fracking”) in oil
and gas extraction is not a specifically
new technology in itself, but did not
prove cost-efficient when the first trials
were made in the early 1950s. During
the first years of the 2000s, oil and gas
firms in the US started to experiment
with the combination of hydraulic
fracturing — the use of high pres-
sure and fracturing stimulation— and

horizontal drilling, in order to access
oil and gas reserves in shale and other
formations. By pressing water, sand,
and other materials into promising
geological layers and rocks, small frac-
tures emerge through which oil and
gas are released and can be pumped
to the surface. Initially, the technol-
ogy was only used to “stimulate” ex-
isting reservoirs. Only recently have
companies tried to access completely
new formations by using this technol-
ogy, with the resulting products now
commonly referred to as “shale gas”
and “tight oil”.

Initially, fracking was largely ne-
glected by the big international oil
and gas companies. Then, some in-
dependent firms experimenting in
the Texan Barnett field were success-
ful in reducing costs and made shale
gas economically viable. Today’s ma-
jor shale gas fields (Marcellus, Eagle
Ford, and Hayneville) have been de-
veloped since 2008. With know-how
gained from the experiences with
shale gas production, the extraction
of tight oil started to kick off around
2011 in the Permian Basin and the
Bakken field. By 2016, the total US
production of natural gas was ap-
proximately one-third higher than in
2005, while half of today’s produc-
tion stems from shale formations, or
is a by-product of tight oil extraction.
By late 2017, US oil production had
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doubled compared to 2008, hitting
the 1970s maximum production level
of just above 10 million barrels per
day, half of which is supplied by tight
oil. The US is set to surpass Saudi Ara-
bia’s production levels in 2018, closing
the gap to the world’s number one oil
producer, Russia.

The important change that hydraulic
fracturing brought to the market not
only consists in the additional quan-
tities available, but also concerns the
structure and dynamic of this new
oil and gas business segment. While
large corporations are used to plan-
ning long-term investments in con-
ventional fields onshore and offshore,
including decade-long preparation
and operation, shale gas and tight
oil extraction has proven to be a very
flexible and mobile business oriented
toward short-term gains. Typically,
tight oil wells decline by about 60 per
cent in the first year, followed by an-
other 25 per cent in the second year.?
Consequently, the fracking industry
is under constant pressure to discover
and drill new wells on a yearly basis.
At the same time, the operational ef-
ficiency of individual wells has been
improved tremendously during the
last couple of years. While the indus-
try’s main focus in the first years was
on developing new wells, more recent-
ly, the productivity of the individual

wells has gained more attention. In the
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Bakken field, the productivity of an
individual rig increased by a factor of
six between 2011 and 2016.° Rig pro-
ductivity was also the key factor that
helped the industry to survive the oil
price crash of the years 2014-2016.

One interesting aspect concerning the
development of hydraulic fracturing is
the remarkable fact that deployment of
these technologies has so far been lim-
ited geographically to North America.
Certainly, the geological conditions
in the different oil- and gas-produc-
ing regions of the US are favorable.
However, they are clearly not unique.
In certain regions of China, Europe,
North Africa, or South America, shale
formations look promising as well.
There are three primary reasons for
the reluctance to move into fracking
in other parts of the world: First, the
regulatory framework is an essential
factor. While in the US, private land-
owners had an economic interest in
allowing the extraction of resources,
taxation and environmental regula-
tion have slowed the deployment of
these technologies in Europe. Second,
the current low price environment for
oil and gas has limited the willingness
to invest in unknown territories with
uncertain results. Third, and most
importantly, one main reason for the
concentration of fracking companies
in the US is the availability of vari-
ous services and materials related to
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US Oil and Gas Production from 1980-2020
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the industry. The whole value chain
around the industry is a crucial fac-
tor, ranging from geological explora-
tion and the availability of fracking
material to the ability to transport oil
and gas to market. Of course, none
of these factors precludes a future ex-
tension of fracking beyond the US. It
just hasn‘t happened yet on a relevant
scale. Should fracking technologies be
used in other places around the globe
as well and bring revenue streams to
governments, the age of abundance for
hydrocarbons could last much longer
than most people think.

Looking at the effects of extended oil
and gas production in the US, it is
notable that the dynamics of the two
commodity markets are quite different.

In the traditionally rather regionally-
oriented gas markets, studies expected
the US to become a significant import-
er of Liquefied Natural Gas (LNG)
from the year 2010 onwards. This
projection had to be reversed funda-
mentally with the US fracking boom,
which made additional volumes of
LNG available for other consumers,
caused oil and gas prices to become
de-linked, and led to a price drop that
affected gas markets on a global scale.
With the installation of export LNG
terminals in the US, even more gas
will be available in the years to come.
Asian consumers in particular are al-
ready betting on the import of rela-
tively cheap LNG cargos, which would
allow them to satisfy a growing energy
demand with less polluting fuels.
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While LNG was a niche market in
the past and has only recently started
to grow, oil has been a global com-
modity for many decades. With the
growth of tight oil production in the
US in the range of some 5 per cent of
global oil output, supply has outpaced
demand by far, resulting in a remark-
able fall of prices from over 100 USD
to 30 USD per barrel within just two
years between 2014 and 2016. While
OPEC, the major group of oil export-
ers, initially decided to leave its own
output untouched, hoping to squeeze
out the new competitors from the US,
it changed course at the end of 2016.
Together with Russia and other oil ex-
porters, OPEC agreed on a production
cut in order to rebalance supply and
demand. After the so-called “OPEC+”
deal proved stable for more than one
year, oil prices have come back to a
level of around 70 USD per barrel.*
Although tight-oil producers in the
US were troubled and saw some eco-
nomic hardship, the abovementioned
productivity gains kept them in the
market. In the future, the global oil
market will continue to be affected by
this new group of suppliers, who are
relatively free from political influence
and highly flexible. This structural
difference compared to the state-con-
trolled oil and gas companies of Saudi
Arabia or Russia and to the traditional
Western companies with their long-
term projects and investment plans
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will fundamentally change the dy-
namics of hydrocarbon markets.

Looking at the level of politics and
especially the international arena, the
oil and gas boom has first and fore-
most influenced the self-perception
of the US. The oil crises of the 1970s
and 1980s had a long-term effect on
the role of energy in the analysis of
security threats and the foreign policy
domain of the country. The struggle
for “energy independence” seemed
to have been lost in the early 2000s,
when projections showed energy im-
ports from foreign sources apparently
predestined to go up. A constant
dialog with Saudi Arabia on mar-
ket liquidity, the demand for open
markets in general, the protection of
maritime shipping lanes, and safe-
guards through the International En-
ergy Agency’s (IEA) inventory system
were central instruments for deal-
ing with threats to energy security.
While the administration of Barack
Obama already witnessed and do-
mestically supported the turnaround
in the energy landscape initiated by
the fracking industry, the change in
rhetoric has only happened recently
under President Donald J. Trump
and his energy secretary, Rick Perry.
What used to be the desire to become
“energy independent” has shifted to
the new paradigm of “energy domi-
nance”. During the course of 2017,
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the administration elaborated on the
meaning of this proposition: While
two aspects of the concept — the crea-
tion of jobs for US workers in the field
of energy and the availability of cheap
energy for US families — might be of
lesser significance for international
relations, the aim “to be no longer
vulnerable to foreign regimes that use
energy as an economic weapon” could

lead to different conclusions.’

Based on this proposition, one critical
conclusion might be that the admin-
istration will ask itself sooner or later
why US taxpayers should invest in the
functioning of the global oil trade by
guaranteeing the safe passage of mari-
time transports. As in the context of
NATO, President Trump might be
tempted to ask allies to contribute
their fair share to the military protec-
tion of transport routes for global oil
trade. As has become obvious in the
recent Saudi-Qatari dispute, the US
government’s willingness and capacity
to solve crises with an energy dimen-
sion seem to be less developed than
would have been the case some years
ago.

Another worrisome effect of the new
strategy could be the use of energy as
an instrument of US foreign policy.
Urging allies to buy US LNG in or-
der to diversify away from other sup-
pliers (and reduce the nation’s trade

deficit) runs contrary to the plea for
open markets repeatedly heard from
US administrations over the past
decades. The vocal concerns about
Europe’s energy security, which were
referenced in the case of the new uni-
lateral sanctions regime against Rus-
sia, now dovetail with the economic
interests of the US fracking industry.
If Washington is willing to use energy
as a means of foreign policy, it will
be difficult to explain to others why
this would be the wrong approach to
global cooperation.® Nevertheless, it
will be difficult for the administra-
tion to force private actors such as
LNG suppliers or tight oil producers
to follow state orders about where to
export their products. If Asian buy-
ers are willing to pay a higher price
than their European counterparts,
LNG will be delivered to Asia, not to
Europe.

While the US foreign policy strategy
on energy is still in the process of de-
velopment, the effects on other sup-
pliers and their behavior are already
visible. For OPEC as well as for Rus-
sia, the drop in prices and the avail-
ability of additional supplies on world
markets constitutes first and foremost
a price problem, and consequently
a revenue problem. The production
cuts and the low price environment
threaten state budgets and necessi-
tate domestic spending cuts. At the
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same time, they also make reforms
and the development of new business
models, as in the case of Saudi Ara-
bia’s transformative “Vision 20307,
more difficult. Since the US role as the
world’s biggest hydrocarbon producer
is expected to evolve over the com-
ing years, the world will have to get
used to this new unexpected situation,
which was brought about by the ex-
periments of a few small drilling firms
in the Midwest.

The Solar Revolution: It Has Only
Started

As in the case of hydraulic fracturing,
the use of solar energy, specifically
photovoltaics (PV), is not a recent in-
vention, but has been around for dec-
ades. There were even solar panels in-
stalled on the roof of the White House
during the late 1970s. The energy cri-
sis of the 1970s forced governments to
consider alternatives to oil, one being
solar energy. Although many early at-
tempts can be noted, the economics
and the lack of political support pre-
vented solar energy from playing a
role in the world’s energy system. In
fact, it was research and development
in Japan as well as the decision of the
German federal parliament to support
renewable energies with a feed-in tar-
iff from the year 2000 onwards that
helped the small niche of PV produc-
ers to grow in size, prove their viabil-
ity, and make impressive progress on
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economic efficiency. Germany, later
joined by some North American and
European states, invested billions
of euros of public or electricity con-
sumers money into the large-scale
demonstration of the viability of ex-
ploiting solar energy, both on private
houses and as large-scale power plants
in the countryside. However, with-
out public support via feed-in tariffs
and other mechanisms to enable in-
vestments, PV electricity production
was not able to compete on electricity
markets. This situation has changed.

The year 2016 marked an important
waypoint for solar energy. As the In-
ternational Energy Agency (IEA) con-
firmed in a report, with more than 74
GW in 2016 alone, PV constituted
the largest part of all additional elec-
tricity generation, easily surpassing
coal, wind, and natural gas.” At the
same time, prices in recent auctions
dropped to less than 0.05 USD per
kWh in some world regions, and lev-
elized costs can now compete with
those of electricity generated by burn-
ing fossil fuels. Even under conserva-
tive estimates, solar power will be the
largest renewable energy growth fac-
tor over the coming years in a world
that is in fact betting more and more
on clean energy. In an optimistic sce-
nario, PV will even contribute an ad-
ditional 1,150 GW by 2022 globally,
which would equal nearly six times
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Price Range of Electricity Costs by Source, 2010 and 2016
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the already installed electricity genera-
tion capacity of Germany in 2016 —
from all energy sources.

Installed capacity is not the same
as generated electricity, of course.
Compared to fossil or nuclear power
plants, solar power plants have less
operating time and feature greater dis-
crepancies between capacity and ac-
tual electricity generation. Therefore,
the share of solar as a part of global

electricity consumption will not in-
crease as quickly as the installed ca-
pacity. Nevertheless, as a new player
in electricity production, solar energy
will significantly change the overall
structural picture in many countries.
Especially in certain regions of the
developing world that previously had
no electricity supply at all, temporary
access to electricity will be a vast im-
provement over the present situation
of having no access to electricity at all.
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While the development of solar energy
effectively started in Europe and the
US, China is the biggest player on the
market today. About half of all new
solar power plants installed in 2016
were in China. At the same time, 60
per cent of global solar manufacturing
capacity is located in China, up from
just 4 per cent in 2009.% This devel-
opment was no accident. The Chinese
government has massively supported
the building up of a PV manufacturing
industry, protected the market, and
concentrated global production in the
region. When solar energy changed
from a relatively expensive niche prod-
uct into a mass consumption product,
many European and US producers
could not follow the price drop initi-
ated by Chinese producers and went
into bankruptcy. Even the recently im-
posed US trade tariffs on solar imports
will not change the market structure,
but rather will briefly slow down the
installation of solar panels in the US.?

The effects of the solar boom on in-
ternational politics are just beginning
to emerge and can only be roughly
sketched. However, a few preliminary
conclusions can be drawn:

First, the availability of PV as an al-
ternative to electricity generated by
diesel engines could give a big push
to development policies, especially in
Africa and Asia. Today, only 30 per
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cent of Africans have reliable access
to electricity.!? Electrifying rural ar-
eas, which now seems possible, would
make many other development goals
easier to achieve: access to clean water,
independent economic activity, the
use of electric appliances in general,
or access to independent information
via communication technologies.'!
The emancipation of poorer social
classes could fundamentally change
the political landscape in many devel-
oping states, leading to a redistribu-
tion of political and economic power.
In the future, it will be more difficult
than ever to control the media and ac-
cess to information, as the example of
the “Arab Spring” has demonstrated
quite clearly. The effects of such a de-
velopment can hardly be predicted
from today’s perspective and might
be very different from country to
country.

Second, the dominance of Chinese
producers in PV manufacturing will
not only bring economic benefits to
the country. China will also be able
to offer integrated clean energy solu-
tions as part of its foreign policy, as is
already the case with respect to other
infrastructural developments, such
as transport infrastructure. One of
the crucial questions in this context
is whether other manufacturers will
be able to compete in the mass pro-
duction of PV for the world market
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in the long run, given the competi-
tive advantage and strong government
support that Chinese suppliers enjoy
today. With integrated supply chains
for raw materials in the manufacturing
process of PV, Chinese manufacturers
might also have an advantage. The
worries about conflicts over raw ma-
terials such as silver, copper, or some
of the rare earths might be exaggerated
in the sense that there will necessarily
be a scarcity-led securitization of such
resources. However, it is also clear that
the Chinese government supports
companies in accessing reserves, while
creating political and economic pres-
sure on countries with such resources.
In addition, a high degree of local
availability within China is also a clear
advantage on global markets.!? Cer-
tainly, no material is without alterna-
tive; however, it will take years to de-
velop technologies for producing PV
hardware without some of the crucial
raw materials used today and to scale
production up for global mass distri-
bution. The advantage enjoyed by the
Chinese solar manufacturing industry
will be very hard to beat for a long
time, making the shift to solar good
business for the country.

Third, the integration of ever more so-
lar energy into the electricity systems
all over the world will put grid opera-
tors and national electricity companies
under stress. On the one hand, they

will be forced to invest in additional
measures to maintain high levels of
system stability. On the other hand,
they will lose revenues if they do not
own solar capacities themselves. In
some economically more developed
states, this will eat into the revenue
streams of electricity suppliers and
force them to either charge customers
more in order to finance their fossil
investments or take political measures
to keep solar off the grid. Especially in
the case of state-owned utilities, this
conflict is only now beginning to ap-
pear on the political scene.

So far, the development of solar en-
ergy has been very heterogeneous
on a global scale, with only very few
countries generating more than five
per cent of their electricity from solar.
China is, however, leading in absolute
terms when it comes to producing
and installing solar energy. Especially
in developing countries and emerging
economies, additional solar invest-
ments might only cover additional
electricity demand, but not compete
directly with incumbents on existing
market shares. This also means that
the challenges will be different in dif-
ferent world regions and on different
scales of economic prosperity. It is
clear, however, that global commit-
ments to limiting global warming will
not be met without a massive expan-
sion of investments in solar all over
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the world. With the ability of indi-
vidual consumers to buy solar installa-
tions and use them in many different
circumstances and for different pur-
poses, the traditional model of state-
controlled electricity supply is likely
soon to become obsolete. The solar
revolution has just began.

The Battery Revolution: Ready for
Take-off

The ability to store electricity on a
large scale has long been one of the big
dreams of mankind. Storage options
would make the complex balancing
of supply and demand in electricity
systems easier and advance the use
of electricity as an energy source for
more applications in everyday life. Of
course, in some places, electricity stor-
age is already far developed. Switzer-
land’s hydropower infrastructure with
its fleet of pump-storage installations
is one example. So far, many states
have relied on storing fossil fuels in
large quantities instead of expansive
storing of electricity. This situation is
likely going to change.

This change is already becoming ap-
parent on a smaller scale when we
look at the battery technology of the
smartphones in our pockets. However,
first promising changes are visible on a
larger scale too. In the case of electric
vehicles, whose main innovation is the
battery technology installed, battery
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costs have decreased remarkably over
the last years. Since 2010, the price
for a battery pack has declined by 80
per cent, mainly due to productivity
gains achieved by Chinese manufac-
turers, reaching 227 USD per kWh
in 2017, according to a recent McK-
insey study.'® So far, public attention
has mainly focused on lithium-ion
batteries, but other battery or storage
technologies could become promi-
nent as well in the future. Up to now,
the race to find the best technology
for electricity storage has not yet been
decided, but lithium-ion is clearly in
the lead when looking at costs, effi-
ciency, and today’s production levels
for all different purposes — in IT, but
also in the automotive industry.

One common fallacy is the firm con-
viction that the rise of clean energy
and the emergence of batteries must
take place in a synchronous fashion.
It is clear that in a world based on
renewable energies only, electricity
storage would necessarily have to play
an important role. Without storage
options, extraordinarily high capaci-
ties of intermittent renewable energy
would be required and large-scale
cross-country trade would be inevita-
ble. At the same time, batteries could
start to gain market share even with
zero or only moderate development
of clean energy, as a way of meeting
within-day changes in demand. This
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independent development can also
again be demonstrated in the case of
electromobility, one example being
Poland, where the government is mak-
ing great efforts to extend electromo-
bility, while at the same time, the elec-
tricity mix will be dominated by coal
for the foreseeable future.!* Therefore,
deployment of electric mobility is not
necessarily coupled with clean energy
development, but could also hap-
pen in a fossil- or nuclear-dominated
world.

At the same time, the issue of batteries
is not limited to transformation in the
transport sector only. The use of bat-
teries in microgrid systems is at least as
important. These systems could either
be communal or industrial facilities
that see an opportunity in organizing
their energy system individually, inde-
pendent of state electricity suppliers.
A recent Navigant study estimates that
investments in microgrids will reach
up to 100 billion USD over the next
decade.” This again shows that there
is in fact a business case for the solar
revolution to go hand-in-hand with a
battery revolution. Independent de-
ployment, however, is a plausible sce-
nario as well.

So far, industrial battery develop-
ment is primarily enforced by only a
couple of states. Again, China plays a
dominant role. Only recently, Chinas

battery company CATL announced
a huge 2 billion USD investment
in the world’s largest battery fac-
tory.'® South Korea has also joined
the group of early movers. For the
production of batteries, access to raw
materials will be even more essential
than for PV. Especially lithium car-
bonate and cobalt could be crucial in
that respect. The crux of the matter
is their geographical concentration
within just a few countries. African
states such as the Democratic Repub-
lic of the Congo with its large cobalt
reserves are among the key staging
grounds for the competition around
cobalt and other raw materials. On
this level, China has already worked
on finalizing long-term trade deals,
guaranteeing steady supplies.!” While
in the coming years, the efficiency in
the production of batteries could be
slowed down due to a massive increase
in raw material costs, as is already the
case with cobalt, which experienced
a price increase of 129 per cent in
2017, the real challenge is a differ-
ent one. Again, when we consider the
market for electric mobility, China’s
dominance becomes apparent. China
represents half of the global market
for electric cars. The development of
batteries and the construction of ap-
pliances with storage elements is part
of China’s industrial strategy, with
highly successful implementation in
the first stages. Chinese companies
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The Steep Decrease in Prices of Lithium-lon Batteries
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are engaged in every segment of the
supply and value chain for batteries
and electric vehicles, making it very
difhicult for outsiders to access this
market.'®

To be clear: The widespread use of bat-
teries is not a reality yet and has only
started. Electric cars are still a margin-
al product on a global scale, and mi-
crogrid systems are in an early stage of
deployment. However, there are many
signals indicating that the next decade
will see an extended use of different
storage options and a massive increase
in investments, first and foremost in
batteries. This will individualize elec-
tricity supply to a high degree, espe-
cially in combination with renewable
energies. At the same time, a prolifera-
tion of storage devices would reduce
investments in electricity generation
capacity, since peak load would be sat-
isfied with storage and demand side
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management, rather than with addi-
tional generation capacity. All of this
will also have implications for inter-
national politics.

First, the transport sector will be af-
fected by the technological advance-
ment of battery use for e-mobility.
The market shares of European and
US car manufacturers, which form
an important part of the economies
on both continents, are being chal-
lenged by cheap Chinese alternatives.
In the next step, buses will also switch
to electric power, although it will be
difficult to produce sufficient storage
elements for an increasingly electri-
fied transport sector. The changes in
the manufacturing of transport vehi-
cles in general will massively impact
the economic balance on a global
scale and most likely hurt employ-
ment in the Western world. If the in-
dustrialized countries of Europe and
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North America fail to develop a way
to compete with Chinese dominance,
the battle for batteries will be lost, just
as the battle for solar has already been
lost. However, in this case, the impact
will be much more drastic.

Second, not only in the case of PV, but
also in the case of battery technology,
Chinese competitive dominance will
become apparent. Chinese companies
will be able to offer integrated solu-
tions for micro-grids and other stor-
age options, including batteries. They
could generate particularly attractive
business cases through cooperation
with solar manufacturers, offering
one-size-fits-all solutions to countries.
There is a great risk that China will
monopolize investment in the transi-
tion to clean energy, especially in the
developing world. This could also have
an impact on political dependencies
and strengthen China’s influence in

the world.

Third, the spread of batteries and stor-
age options will have an impact on the
relationship between citizens, commu-
nities, and regions within states and
even at the transnational level. Unlike
in the 20th century, when the govern-
ment controlled its citizens and re-
gional entities’ access to energy, decen-
tralized systems will make these actors
become more independent. In this
scenario, the state loses control, which

could, for example, benefit separatist
movements politically and militarily.
Also, in future conflicts, energy in-
dependence will be a strong asset for
all parties that will be enforced by a
technological gain in autonomy, a hot
topic in military technology research
for years. Under these circumstances,
warfare too might change due to the
combined introduction of solar and
battery technologies.

Political Implications

In the past, the role of energy in inter-
national politics was predominantly a
hydrocarbon issue. Control over, ac-
cess to, and prices for oil and natural
gas were considered important factors
in international relations. This period
is most likely ending, for several rea-
sons. One is the abundance in the
hydrocarbon sector; another is the
increasing role of renewable energies.
When considering global investments
in the energy sector, hydrocarbons
have already taken a back seat. Indus-
trial policy, trade, and environmental
issues are becoming more important
for geopolitics as well. However, there
are some important caveats to this
observation.

First, global energy demand is still ris-
ing and will continue to rise years, if
not decades to come. The most recent
BP Energy Outlook 2018 predicts
an increase by one-third by 2040."
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Emerging economies and developing
countries in particular have growing
populations that are increasing their
consumption of goods, products,
and services. If no drastic energy ef-
ficiency and climate policy measures
are introduced on a global scale, the
hydrocarbon world will stay. Second,
the electricity sector will be the first
to be affected by massive changes. Al-
ready today, there are more and more
renewable energies being introduced
into the electricity system, where they
compete with coal, gas, and nuclear
for market shares. As we can see in
China, however, growing electricity
demand means that all energy sources
will be needed, limiting controversial
competition between fuels. Neverthe-
less, China is serious about integrating
renewable energies in order to limit
environmental damage and pollu-
tion, but also in order to slow down
the increase of its massive energy trade
deficit. Third, although the transport
sector is changing, this will not fun-
damentally affect oil consumption
in the short to medium term, at best
leading to a slight abatement of still
growing demand. Individual mobility
only accounts for around a third of the
world’s thirst for oil. With electromo-
bility gaining some percentage points
in market shares here, the overall pic-
ture for oil consumption is not going
to change quickly. Overall, this means:
swiftly

Technologies are entering
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markets, and progress is accelerating
quicker than most people would have
thought, but fundamental changes
on a global scale will only happen if
global energy demand remains steady
or begins to decline.

When considering the effects of the
three breakthrough technologies, we
need to take a sectoral and regional
approach. The emergence of hydrau-
lic fracturing had mainly an impact
on the hydrocarbon side of the global
energy system. Thanks to the US “en-
ergy dominance” paradigm, global
commodity markets for oil and natu-
ral gas are flooded with cheap North
American products. This has caught
many fossil fuel suppliers by surprise
and forced them to cut back on in-
vestments and public spending. The
trend has also emphasized that the
hydrocarbon age is most likely not
going to end because of limitations
to the availability of oil and gas. Its
demise will rather be a process driven
by technological substitution, eco-
nomic efficiency, and environmental
considerations in the long run. As
some fuel-exporting states are already
trying to change their business mod-
els, growing production is likely to
keep prices and revenues at low levels
for the foreseeable future, also con-
straining the states’ ability to finance
transformations. However, with the
emergence of relatively small private
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producers from liberal economies with
a technology that has the potential to
spread further internationally, global
commodity markets will be less de-
pendent on single suppliers and gen-
erally more flexible. This might also
bring some degree of volatility.

While the hydrocarbon world is still
dominant in the global energy sys-
tem, the growth of renewable energies
that has already been underway for
years recently reached an important
benchmark: comparable cost levels in
electricity production. The most im-
pressive development in terms of cost-
efficiency, productivity, and learning
curves in general has been in the case
of solar energy, most notably PV. The
fact that PV is easy to install and can
be bought by individuals has contrib-
uted to its success. Together with the
development of batteries in an inte-
grated system, this technology offers a
great chance to boost development in
the peripheries of Sub-Saharan Africa
and Asia. In general, the development
of solar (with or without storage op-
tions) will help decentralize energy
supply structures, with economic and/
or political effects for the centralized
state and its domestic interests in
many regions of the world.

The US and China are thus the po-
litical winners in two different games
in town, confirming a trend towards

a bipolar world order that we can
also observe in other policy areas.
The US wins because the battle for
resources is not as relevant anymore
(if it ever really was) and the trade
deficit can be lowered massively by
exporting oil and gas in the future.
While political discussions around
energy studies usually focus on the
effects on the overall system and the
end-consumer of energy services, the
development of PV and batteries will
mainly be driven by factors such as
technology access, competition, and
industrial policies. Clearly, based on
investments and market shares, Chi-
na is trying to dominate the market
for both products. If the US, Russia,
and the Middle East are the resource
centers of the hydrocarbon world,
China is on its way to becoming the
monopolist of the future clean energy
world. Despite the positive impact of
making technologies available on a
global scale, the implications for com-
petition, access to these technologies,
and the supply of raw materials will
be important issues for future discus-
sions on the geopolitics of energy. In
this context, it seems that Europe is
straddling both worlds: It is largely
import-dependent on fossil fuels,
while at the same time pioneering a
revolution in the energy system, but
unable to keep large shares in a clean
energy market that is more and more

dominated by China.
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