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Introduction
Integrated oil and gas (O&G) companies operate vertically integrated
businesses that span the O&G value chain. In this way, they can leverage
expertise across multiple domains rather than just focusing on exploration
and production (E&P). Examples of such companies include British
Petroleum (BP), Cenovus Energy, Chevron, Eni, Imperial Oil, ExxonMobil,
Repsol, Royal Dutch Shell, Suncor Energy and TotalEnergies. Integrated
O&G companies played a central role in advancing energy availability and
economic growth during the 20th century. However, these companies now
face the challenge of addressing the need for a new energy transition in the
21st century. This transition will involve a shift from fossil fuels to alternative
fuels, such as renewable wind and solar energy, battery storage and
nuclear energy.

While hydrogen
blending is
increasingly
discussed as
a means of
decarbonizing
electricity
production, most
projects currently
remain at trial stages

The energy transition that we consider throughout this study is underpinned
by two factors. First, the demand for energy continues to grow to maintain
standards of living and enable the industrialization of developing countries.
Meeting this rising demand while reducing dependency on fossil fuels for
power generation requires discovering new energy resources. Economic
forces are reshaping the technologies required to address this challenge,
including the discovery and development of unconventional hydrocarbons,
such as oil sands and gas hydrates. However, a second, more existential
factor in the energy transition is the impact of fossil fuels on the stability
of Earth’s ecosystems, in particular the global climate. Fossil fuels are the
primary drivers of the rising concentrations of carbon dioxide and other
greenhouse gases (GHGs) in the atmosphere. Achieving peak demand
for fossil fuels can address this trend, as a tipping point in global climate
stability is approaching (Lenton et al. 2019).
Hope remains that an accelerated energy transition, alongside efforts to
repair global ecosystems, can mitigate GHG concentrations and prevent
more severe ecological and economic impacts. The United Nations
Framework Convention on Climate Change (UNFCCC) has brought
increasing political attention and urgency to this issue. Through the
UNFCCC, international treaties on climate change, such as the Paris
Agreement, are established. It sets national emission reduction targets
and climate mitigation strategies that will have direct impacts on integrated
oil companies (IOCs). IOCs attend UNFCCC sessions as observers. In
response to the Paris Agreement in 2014, a group of producers including
six IOCS formed the Oil and Gas Climate Initiative (OGCI).
The extent to which IOCs and their assets will be impacted by these efforts
depends on the global community’s commitment to reducing demand for
hydrocarbons. In the extreme, these companies may go out of business.
Efforts by IOCs to adapt their business models will also affect their viability.
Thus, IOCs face an important choice that will define their role in the energy
transition. On one hand, they can observe the energy transition without
participating. Potential repercussions of this choice include lost business
and investments and increased financial penalties in the form of carbon
pricing. On the other hand, they can play an active role in the energy
transition by committing to decarbonize the industry. For example, they
can invest in carbon capture, utilization, and storage (CCUS) and explore
geothermal energy. They may incorporate solar and wind power and move
toward a low-carbon hydrogen economy.
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This study first reviews the history of IOCs and past energy
transformations. We investigate IOCs’ role in past innovation cycles, such
as deep-sea and horizontal drilling, ending routine flaring and the tight oil
revolution in the United States (U.S.). This experience provides context for
the challenges that IOCs will face from the movement to reduce emissions
of GHGs from fossil fuels. The energy transition requires a major shift to
more technically challenging operations and rent capturing opportunities.
Sizeable operational and cost elements will need to be dedicated to
environmental issues. IOCs must carefully navigate the higher costs often
attributed to the energy transition along with the potential repercussions
of doing nothing. With increasingly uncertain climate policy risks, these
repercussions are increasing.
This study draws comparisons between the choice to participate in the
energy transition and the prisoner’s dilemma. Individual IOCs are faced
with sets of incentives that may lead to suboptimal outcomes for the group.
We ask whether their oil industry expertise provides IOCs with a strategic
advantage in responding to the energy transition, and investigate whether
this expertise can benefit the industry at large.
In summary, this study investigates the role of IOCs in the next major
energy transition. The key points are as follows:
•

IOCs were leaders of the 20th century energy transition to oil. However,
they are now the incumbent players in the industry and face a
prisoner’s dilemma in responding to the transition to green energy.

•

IOCs have been replaced by national oil companies (NOCs),
independent operators (see Text Box 1) and oil field service companies
(OFSCs) as major suppliers and drivers of innovation.

•

The integrated business models of IOCs can adapt to new business
practices. However, IOCs tend to lack flexibility in implementing new
business practices compared with independent companies.

•

Innovation for the energy transition requires new entrants and
specialized operators, such as OFSCs, to take the lead.

•

To respond to uncertainties around climate regulation and shifting
investor sentiments, IOCs can seek out partners in climate coalitions,
such as the OGCI, targeting cooperation.

•

Strategic advantages in reservoir management can be used to
advocate for CCUS as a decarbonization service for IOCs’ downstream
consumers.

We ask whether their
oil industry expertise
provides IOCs with a
strategic advantage
in responding to the
energy transition, and
investigate whether
this expertise can
benefit the industry
at large

Text Box 1. Role of independent O&G companies.
Independent operators are O&G companies that engage almost entirely in the E&P segments of the hydrocarbon
industry. Unlike integrated oil companies, such as Chevron, independent companies play little to no role in refining,
marketing and selling hydrocarbons to end users (DiLallo 2014). Independent companies are upstream-oriented,
and their average daily production is over 50 thousand barrels of oil equivalent per day.
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History of the Energy Transition
Major Oil Producers and the History of the Energy Transition
After his appointment as an admiral of the British fleet, John Arbuthnot
Fisher tirelessly advocated for the modernization of the Navy. He
championed the transition from coal propulsion to fuel oil. However, this
proposal faced mild resistance from many in the government because
of economic and political risks associated with this transition. The entire
infrastructure of production, transportation and use had to be retrofitted
because the forms and properties of the two fuels are radically different
(Yergin 1991). Fundamentally, oil and coal use are entirely different. Oil
ignites easily in an internal combustion engine and releases greater energy
density, increasing economic efficiency. It can be easily transported via
pipelines and other forms. In contrast, coal requires conventional means of
transportation, such as automobiles, which operate on gasoline or diesel
from crude oil. Transitioning to oil shifted the entire scale and scope of
transportation and storage, which required significant capital investments
(Van Vactor 2010).
Although Welsh mines provided secure supplies of coal, the use of coal
did not give the British Navy the competitive advantage envisaged by
Fisher. The Germans were aggressively expanding their Navy’s capacity
and efficiency, furthering the need to transition to oil to remain competitive
(Yergin 1991). Winston Churchill, the Navy Secretary and future prime
minister of the United Kingdom (U.K.), therefore bought into the arguments
for the transition to oil. Both Churchill and the Navy were determined to
create a new breed of battleship. These battleships would have larger
guns, stronger armor and the greater speed necessary to draw ahead and
circle the head of the enemy’s line. Switching to liquid fuels would enable
greater efficiency and maneuverability and faster speed for the Navy’s
battleships.
However, the transition from coal to oil was complex. The principal issue
was that although Britainʼs internal supply of coal was plentiful, it had no
supply of oil domestically or within its empire (Yergin 1991). The U.K. had
very limited oil deposits, mostly in Scotland. These deposits were not
sufficient to meet the Royal Navy’s increased demand. While the transition
was being debated, William D’Arcy was awarded a concession by the Shah
of Persia (now Iran) in 1901 to prospect for oil. In 1908, his company made
a significant oil discovery in Masjid Sulaiman in southwestern Persia.
Fisher’s advocacy finally paid off because of this oil discovery, and his plan
to convert most of the fleet to oil fuel was realized. The British government
seized the opportunity by acquiring major stakes in D’Arcy’s company,
funded mainly by the British Admiralty in partnership with Burma Oil. The
new stakeholders changed the name of the company to the
Anglo-Persian Oil Company, which later became BP. This acquisition
signaled to the international community the U.K.’s intent to lead the
transition to oil to maintain a competitive advantage over its peers. Instead
of relying on domestic coal, Churchill opted for the riskier choice by
tightening the U.K.’s grip on energy stores elsewhere in the British Empire.
Many other governments followed suit.
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With solid political backing from the British government, BP signed many
long-term concession agreements with domestic governments worldwide,
including Persia and Burma (now Myanmar). These agreements allowed it
to exploit hydrocarbon resources. Many of the terms in these concessions
were unjust for the hosting governments. However, because the market
was dominated by a few firms, these governments had no option but to sign
these unjust contracts. As a result, residual negativity toward BP and other
international oil companies increased.
Figure 1. Primary energy consumption by fuel type.
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Moreover, despite government intervention to promote the use of oil,
energy consumption is additive rather than substitutive, as illustrated
by Figure 1. This relation stems from the fact that fuel switching entails
substantial unavoidable sunk costs. Existing infrastructure that relies
heavily on coal and biofuels in the mobility sector, such as seaborne
transportation, must be replaced in the transition. These costs create
enough inertia that governments continue using the existing assets until
they are decommissioned and written off (Fattouh, Poudineh, and West
2019). The transitions to oil and, later, gas complemented and improved
the existing infrastructure. Coal production and consumption did not cease.
Instead, greater equity and a better allocation of economic resources were
ensured, according to the standard of that era.
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In six decades that followed World War I, seven vertically integrated oil
companies known as the Seven Sisters became dominant. Additionally,
the French Company Française des Pétroles (CFP, later TotalEnergies)
operated in Iraq and the United Arab Emirates (Al-Muneef 2018). Five of
these firms, including three that were descendants of Standard Oil (i.e.,
Chevron, Exxon and Mobil), were based in the U.S. The other three,
BP, Royal Dutch Shell and CFP, were based in Europe (Brock 2016).
Throughout this discussion, we refer to these incumbent firms as the eight
legacy IOCs.

For decades,
this oligopoly’s
dominance was
unmatched, but two
developments played
a role in eroding
this dominance.
Independent oil
companies emerged,
and OPEC was
established in 1960
to coordinate the
petroleum-related
policies of its
members
Although IOCs’
attempts to block
independent
operators were
successful in the
short run, they
learned that they
could not sustain
this strategy
indefinitely

In 1950, these eight legacy IOCs acted as an oligopoly, controlling 100% of
crude oil production outside North America and the Soviet Union. Twenty
years later, their combined share of production remained slightly above
80%. These vertically integrated companies set up separate joint ventures
(JVs) with each other in the countries in which they operated. Through this
partial horizontal integration, they controlled all aspects of the O&G value
chain, including the development of hydrocarbon reserves, distribution
channels, refining and marketing. Because of their common interests, these
companies communicated and colluded, and these JVs were instrumental
in restricting output (Brock 2016).
For decades, this oligopoly’s dominance was unmatched, but two
developments played a role in eroding this dominance. Independent oil
companies emerged, and OPEC was established in 1960 to coordinate the
petroleum-related policies of its members. Iran, Iraq, Kuwait, Saudi Arabia
and Venezuela were OPEC’s founding five members. OPEC now includes
13 active members and coordinates discussions with a group of 10 other
non-OPEC oil exporting countries known as OPEC+.
IOCs deployed many schemes to bar the entry of other players into
their exclusive club. They acquired large concession blocks, but they
developed a few oilfields in certain confined areas and left the rest of their
concession blocks untapped. They viewed their small rivals negatively and
attempted to throttle their competition by placing obstacles to bar the entry
of independent operators. Host governments also lacked the intellectual
capital and the technology to set up companies and develop their O&G
fields.
However, the IOCs underestimated both independent companies’
compatibility and host governments’ options (Al-Muneef 2018). Although
IOCs’ attempts to block independent operators were successful in the short
run, they learned that they could not sustain this strategy indefinitely. Host
governments sought to maximize their revenues by inviting other producers
besides the incumbent major firms to exploit their hydrocarbon reserves.
For example, Aminoil and Getty Oil were awarded new concessions
to explore and exploit hydrocarbons in the Partitioned Zone between
Saudi Arabia and Kuwait (Al-Muneef 2018). Governments often found
that the terms and conditions and the royalties and oil sale taxes offered
by other producers were extremely favorable. Independent companies
began increasing their operations in many countries. Thus, to differentiate
themselves from these newcomers, large incumbent companies exploited
economies of scale and scope to their advantage.

Integrated Oil Companies and the Requiem for a Transition: How Are They Coping with Climate Change?

6

Prior to the oil embargo in 1973, major companies controlled 85% of the
world’s oil reserves (Mann 2010). However, following the embargo, the
O&G industry shifted from concessions to nationalization. Since then, the
IOCs’ influence has gradually declined, and their proven reserves have
been constrained. These companies anticipated this change in the industry
and leveraged their advantages accordingly. They embarked on large-scale
explorations worldwide, with an emphasis on Europe and North America,
to diversify their hydrocarbon supplies. ARCO (later acquired by BP) and
Exxon discovered Prudhoe Bay in Alaska in 1968, and Shell discovered
the Brent oilfield in 1971. Other fields in the North Sea were also identified.
These discoveries partially and temporarily helped to calm the oil markets
and anxious consumers and governments. However, the Iranian revolution
in 1979 and major companies subsequently leaving Iran exacerbated these
concerns.
In conjunction with these corporate efforts, the International Energy Agency
(IEA) was established in 1974. This agency aimed to reflect the concerns
of oil-consuming nations, mainly in the developed world. Through policy
recommendations and other instruments, the IEA facilitated responses to
adverse supply and demand shocks using strategic petroleum reserves.
It also worked to reduce the share of fossil fuels in the energy mix. To do
so, it developed efficiency measures and promoted the use of alternative
energy sources, including nuclear energy.
Oil intensity1 rose over the decade preceding the first oil shock in the
Western Hemisphere and Japan, as Figure 2 shows. The figure illustrates
how nations transition from a growing to a declining dependence on oil
production as they continue to develop. The oil crisis in 1973 to 1974
was caused by the Arab Oil embargo. During this crisis, the decline in
oil consumption in the U.S. was less severe than those in Europe and
Japan. The market’s response to the second oil price shock, caused by
the Iranian revolution in 1978 and 1979, was different. Oil intensity in the
U.S. dropped sharply prior to the Iranian revolution, mainly because U.S.
oil production peaked in 1970 and entered a steady decline. Following the
Iranian revolution, oil intensity continued to decline until 1984, when the oil
markets were saturated with surplus oil production. This period is known as
the oil glut, during which oil producers, including those in OPEC, saturated
the oil markets with cheap oil. U.S. production continuously declined until
the mid-2000s, when the shale oil boom reversed that trend. Because
the U.S. economy’s industrial transition and development was already
complete, however, the rise in shale production did not change the ongoing
oil intensity decline.

1

Oil intensity is the ratio of oil consumption to gross domestic product (GDP).
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Figure 2. Oil intensity in the U.S., OECD-Europe, and Japan.
OAPEC oil embargo

Annual oil intensity, barrels of oil per GDP

3.5

Chernobyl accident

Iranian revolution
Oil glut

3

Global ﬁnancial crisis

Collapse of the
Soviet Union

2.5
2
1.5
1
0.5

19

65
19
67
19
69
19
71
19
73
19
75
19
77
19
79
19
81
19
83
19
85
19
87
19
89
19
91
19
93
19
95
19
97
19
99
20
01
20
03
20
05
20
07
20
09
20
11
20
13
20
15
20
17
20
19

0

OECD Europe

USA

Japan

Source: KAPSARC analysis based on the World Bank and 2020 BP Statistical Review.2

Japan also depended on oil imports for its booming economy after World
War II. Securing the necessary energy supply for its aggressive industrial
expansion was one of the main priorities of the Japanese government.
Japanese oil firms embarked on E&P overseas independently or jointly
with other firms. Japan acquired its first overseas oil concession in
the Partitioned Zone between Saudi Arabia and Kuwait in 1961. This
acquisition was followed by a series of concession agreements and stake
acquisitions in Abu Dhabi National Oil Corporation in 1978 (Thorarinsson
2018). However, Japanese oil companies were not as competitive as the
eight legacy IOCs were. Government interventions seem to have deterred
these firms from expanding further, and their structures were not as agile
as those of the IOCs. Their expansion instead aimed to produce long-term
alliances with oil-producing nations. Both Saudi Arabia and the United Arab
Emirates were considered pillars of energy security (Thorarinsson 2018).

Contrary to common belief, the 1973 oil embargo was led by members of the Organization of Arab Petroleum Exporting
Countries (OAPEC) and not OPEC members.

2
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Energy security and diversification became important trends as oil demand
increased. Gas became a larger part of the energy mix in Europe. Starting
in the late 1960s, major gas developments in Europe and gas imports
from the Soviet Union contributed significantly to this growth (Figure 3).
These gas developments also played a major role in the decline in coal
consumption in the early 1990s. Nuclear power also gained momentum in
many European countries. However, the Three-Mile Island nuclear accident
occurred in the U.S. in 1979, followed by the Chernobyl nuclear disaster in
1986 and the Fukushima nuclear disaster in 2011. Thus, many countries
decided to slow their nuclear expansions owing to concerns related mostly
to safety and increased nuclear proliferation. The Fukushima incident
induced Germany to decommission its nuclear power plants and remove
nuclear energy from its energy mix completely by 2022 (Brendebach 2016).

Figure 3. Europeʼs energy consumption by fuel type in exajoules.
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Although the growth in oil demand stagnated in Europe, the global demand
for oil continued to grow, especially in the transportation sector. With the
discovery and subsequent development of North Sea oil, the U.K. became
self-sufficient in oil in the early 1980s. It became a net exporter of oil in
1981 (Craig, et al. 2018). With increased production from the North Sea
oilfields, oil prices inevitably fell until the early 2000s. After 2000, the
global hydrocarbon reserves held by many major companies declined, and
competition from new rivals increased. These rivals included independent
companies; hybrid oil companies,3 such as Russian enterprises; and
NOCs. Policymakers had also been deterred from considering divestments
from hydrocarbon fuels, as they were an abundant source of energy at low
prices.

OFSCs helped to
exploit and manage
their hydrocarbon
assets and played
a major role in
enabling the U.S.
shale oil revolution

As major companies exited concessions that they had held for decades,
they began restructuring their operations to improve efficiency and cut
costs. Some functions, such as drilling, yielded low margins and diverted
these operators’ attention. They increasingly outsourced their technical
competences to OFSCs with greater abilities to drive efficiency (Kennedy
and Thompson 2016). They also spun off their in-house research and
development (R&D) investments with the collapse of oil prices in 1984.
Major companies were mostly barred from development following the
nationalization of oil production in many countries. Thus, service providers
filled in the gap by also delivering products and technical services to
the newly formed NOCs. OFSCs helped to exploit and manage their
hydrocarbon assets and played a major role in enabling the U.S. shale oil
revolution.
During their exits, major companies were paid exit fees in exchange for
their equity in JVs and business units, and to terminate their concession
agreements before maturity. They invested the proceeds from the
payments they received in exploring new markets and in mergers and
acquisitions (M&As). The O&G industry has witnessed an unprecedented
series of M&As, especially among major companies, such as the merger
of Exxon and Mobil in 1999. These M&As helped oil companies improve
and restructure their financials, add hydrocarbon reserves and enter new
geographies. They facilitated the acquisition and transfer of technologies
that are critical for competitive advantage. These M&As led to the creation
of supermajor companies, referred to as ‘Big Oil.’ As of 2020, the surviving
members of the eight legacy IOCs are BP, Chevron, ExxonMobil, Royal
Dutch Shell and TotalEnergies. Most recently, Chevron and ExxonMobil
were in talks to merge. If the deal had been realized, it would have been
the largest corporate merger in the history of the O&G industry (Matthews,
Glazer, and Lombardo 2021).

Hybrid oil companies started as NOCs. They became hybrids when their government owners sold some of their shares while
retaining others. They operate for profit but have ‘arm’s length’ independence from their governments.

3
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Big Oil vs. Integrated Oil Companies
The term ‘Big Oil’ was coined by Time Magazine in an op-ed in May 1979
(Time 1979). The term describes the legacy oil companies’ political and
financial influence in the markets. In recent years, the term resurfaced to
label the surviving members of the eight legacy IOCs. It is occasionally
used to describe other players, including Eni, a government-sponsored
enterprise, and major independent operators, including Occidental
Petroleum and ConocoPhillips.
The basis for describing these incumbent firms and few other major
companies as ‘Big Oil’ is still ambiguous. In terms of revenues, Sinopec
and the China National Petroleum Corporation are the most profitable
oil companies, but neither is labelled as ‘Big Oil.’ Saudi Aramco has
the world’s largest oil production and oil proven reserves but is not
considered part of Big Oil. In terms of global operations, many NOCs,
hybrid companies and independent operators engage in international
E&P activities. It seems that the definition of Big Oil from 1979, that is, the
surviving members of the eight legacy IOCs, remains accurate today.

Figure 4. Crude oil production (a) and reserves share (b) in 2020.
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Source: KAPSARC analysis, Rystad.

Big Oil has been on media outlets’ radar in recent years in relation to
peak oil demand, climate change and the energy transition. These legacy
operators are well remembered, and their brands are strongly associated
with the oil industry. However, the impression that Big Oil is pioneering
and representing the O&G industry is misleading. Its share of global oil
production and proven reserves has contracted radically over the past
several decades to the levels shown in Figure 4. At the same time, NOCs’
shares of production and reserves have substantially increased.
Thus, we expand the scope of this analysis from Big Oil to IOCs, defined
as vertically integrated, international (not national) companies that are
publicly traded. Their operations span the entire O&G value chain, and
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they understand the interplays between various stages of hydrocarbon
production and downstream operations. Unlike E&P companies, which
focus on one segment of the industry, IOCs can leverage their expertise
in multiple areas to drive the energy transition. They can advance the
applications of the hydrogen economy and CCUS and explore new
frontiers, such as geothermal energy. These companies may expand into
other domains, including solar energy and power. Capitalizing on their
operational excellence and project management capabilities, they can
synthesize different forms of energy to provide tailored solutions to end
consumers. They can produce hydrocarbons more sustainably, efficiently,
and affordably. Additionally, their diversified portfolios help them absorb the
social costs of responding to climate change while remaining competitive
and profitable.
IOCs have advantages over smaller rivals, such as independent operators,
because of their size. They can outbid and outspend small firms. They can
afford to advertise more aggressively, conduct more intensive or extensive
research, buy inventions or acquire assets in optimal locations and hire
high-quality workers. During downturns, they can easily absorb losses that
would bankrupt their smaller rivals.

IOCs cannot
compete at low
rates of return for a
long time. They are
directly impacted
by market dynamics
and externalities,
especially those
driven by climate
change
IOCs and private oil
companies are not
bounded by their
governments. They
can easily venture
into new businesses
if the markets and
regulations permit

Our analysis focuses on 10 publicly listed IOCs headquartered in North
America and Europe. These publicly traded IOCs comprise the Big Oil
firms, two European firms (Eni and Repsol) and three Canadian firms
(Suncor Energy, Cenovus Energy and Imperial Oil). Their combined crude
production and proven oil reserves as of 2020 represent about 15% and
18% of the world’s total production and crude reserves, respectively.
We obtain data from Rystad and Bloomberg reports. These sources
provide data on financial performance and comparable information on
environmental, social and governance measures that are linked to energy
transition goals.
Many NOCs are also vertically integrated. Their shares of total global
production and crude reserves are two to three times larger than those of
the IOCs. NOCs operate under a separate set of rules from IOCs, as they
are part of their governments’ command-and-control apparatuses for their
economies. This backing allows them to tolerate low rates of return and
operate on razor-thin margins, especially during downturns (Stark 2007).
Conversely, IOCs cannot compete at low rates of return for a long time.
They are directly impacted by market dynamics and externalities, especially
those driven by climate change.
Nevertheless, NOCs’ attachments to their governments come at a price.
Most of them cannot expand beyond hydrocarbons and pivot into power
generation. Countries’ power sectors are usually overseen by another
government entity that views such an expansion as a threat. In contrast,
IOCs and private oil companies are not bounded by their governments.
They can easily venture into new businesses if the markets and regulations
permit. Their choice to transition to the power sector is dictated by market
dynamics and the financial viability of the projects.
We also acknowledge that IOCs are not alike, and their approaches to the
energy transition differ. We briefly shed light on these diverging views in
this study, but we place more emphasis on the common features of these
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organizations. The energy transition requires not only reinvented business
models but also an ecosystem of capital investments, enabling regulations
and technological breakthroughs. All the components of this ecosystem are
in flux, and no common path to net-zero emissions exists.
Many major European companies have achieved great progress in
attempting to decarbonize their O&G value chains. They did so by setting
consistent emissions-reduction targets and allocating capital expenditures
to achieve these targets. Other companies, mostly in the U.S., were initially
quite passive but have recently increased their engagement. This shift
may be a result of changing investor sentiments toward climate change.
Climate regulation is not as advanced in the U.S. as it is in the European
Union (EU). However, major companies are considering strategies to
hedge against future climate-related financial risks as countries adhere to
international climate agreements organized by the UNFCCC.

Big Oil, Integrated Oil and Innovation
Oil companies were initially driven by curiosity and determination to
explore and extract O&G, often in unchartered terrains and environments.
They developed an ecosystem that embraced failure as lessons learned,
and they were more focused on growth than on returns. In Dammam
oilfield in Saudi Arabia, for instance, oil was discovered after six wildcats
were drilled in frontiers and geographies to which these companies were
unaccustomed. Such risks were highly esteemed. However, as companies
grew and their operations became more complex, their entrepreneurial
spirits abated. For decades, they believed that they could survive with
out-of-date technologies and did not seek the latest and greatest
technological breakthroughs. They became risk averse, and their
business models focused on large oil development and megaprojects that
maximized their long-run returns on investments. IOCs sell fields that have
aged past their most prolific years or require additional operational and
capital investments to independent operators specializing in small-scale
operations (Van Vactor 2010). An example of this pattern is BP’s exit from
Prudhoe Bay oil field in Alaska. After nearly 60 years, the company sold its
Alaskan proprieties to Hilcorp Energy for $5.6 billion.
Most technologies follow an S-shaped performance curve over their
lifetimes. The penetration rate of a novel technology is very slow at first.
Then, it hits an inflection point at which the technology gains acceptance
and increasingly penetrates markets. This acceleration continues until the
technology matures. The pace of technological adoption and propagation in
the O&G industry is slow relative to other industries. For instance, the first
horizontal well was drilled in Texas in 1929 (National Driller 2020). The first
hydraulic fracturing experiment was performed in 1947, and the application
was commercialized in 1949 (King 2012). Even though these technologies
were known and commercialized, however, it took nearly half a century
to scale them up in the shale sector. Independent operators made
breakthroughs by working diligently on different fracking recipes and well
architectures to bolster O&G extraction from shale deposits. They started
the shale production revolution that made the U.S. the top producer of both
crude oil and natural gas.
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Entrepreneurship and innovation were the main drivers of past
breakthroughs in the O&G industry. Without an ecosystem to nurture them,
the O&G industry would be in a different position. Today, calls to reduce
reliance on oil have become increasingly popular, especially in Europe
and North America. The O&G industry is now facing increasing demand
to clarify its intentions to participate in the green energy transition, and to
understand the impact of global efforts to reduce GHGs on its business
models.

Shifting from
fossil-fuel-based
systems of energy
production and
consumption to
renewable energy
sources requires
agile, innovative,
and adaptive
organizations, which
most IOCs lack

Shifting from fossil-fuel-based systems of energy production and
consumption to renewable energy sources requires agile, innovative,
and adaptive organizations, which most IOCs lack. In the early 2000s,
BP rebranded itself as ‘Beyond Petroleum,’ with a focus on developing
more sustainable and green energy sources. However, it abandoned this
strategy because of the excessive costs associated with the transformation
and decommissioning of existing resources. It also sold many of its
renewable assets after facing mounting financial pressure owing to major
environmental disasters. Specifically, it was responsible for disasters in the
Prudhoe Bay pipeline in 2006 and the Deepwater Horizon rig in the Gulf of
Mexico in 2010 (Carpenter 2020). Additionally, much of the world’s attention
at that time was concentrated on fears that the oil supply would run out.
This concern was driven by the alleged peak oil supply theory.
Since the turn of the century, several IOCs have set technology as an
increasingly important strategic priority, and innovation and R&D spending
have increased (Perrons 2013). IOCs’ businesses also tend to gain
significantly from the acquisition and expansion of new technologies.
These gains primarily stem from the fact that much of the so-called ‘easy
oil’ has been discovered and developed. Their efforts include tapping
into unconventional hydrocarbon assets and deep-water E&P activities
using innovative technologies to offset the declining oil production from
conventional assets.
These disruptive operations have become so sophisticated, broad and
expensive that even the largest companies cannot afford to carry them
out alone. Many IOCs collaborate with OFSCs, government agencies and
academia in various areas. IOCs have increasingly focused on producing
and delivering, offloading other operations to reduce risk and burden.
Some have even begun to experiment with various forms of venture
capital to support potentially promising technologies (Perrons 2013). Most
technological advances are developed and commercialized by OFSCs.
The shift in resource control from vertically integrated companies to
governments has been a primary driver of the changing market structure.
This shift also drives the increasing role of service companies, such as
Schlumberger, Halliburton and Baker Hughes, in oil operations. This trend
suggests that OFSCs may be the primary drivers of the O&G industry’s
contribution to the energy transition.
However, service providers have experienced marked challenges in terms
of profitability since the fall in oil prices in 2014. The difficulties resulting
from the COVID-19 pandemic and the related economic disruption,
compounded by the crude oil supply glut, have been challenging for this
sector. As the O&G industry reined in spending, the service sector was
forced to downsize its workforce and spin off low profitability businesses
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in E&P. Service providers’ innovative solutions depend on oil operators’
needs. We believe that they also have in-house technologies and can
develop fit-for-purpose technologies to help them navigate the energy
transition. However, they lack the resources and capital to contend with
boom-and-bust profitability cycles, making it hard for them to take the lead
in this transition.
Patents are a useful way to measure the pace of innovation and identify
technological trends in an industry. Figure 5 illustrates the number of patent
grants by the IOCs and the top three OFSCs,4 namely, Schlumberger,
Halliburton and Baker Hughes. OFSCs generate more patents than IOCs
do because they thrive on selling services and technology solutions to
O&G operators, including IOCs. Figure 5 also shows Brent crude oil prices
to illustrate the covariation of patents and oil prices. The number of patent
grants declines sharply after the fall in oil prices in 2014.
Figure 5. Number of patent grants and Brent crude oil prices.
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The pace of innovation in the O&G industry is very slow. Specifically,
it takes an average of 16 years to progress from the idea phase to
widespread commercialization in this industry. Many O&G developers and
IOCs prefer conventional practices over innovative solutions because of
their risk aversion (National Petroleum Council 2007). However, the growth
in shale oil prior to 2009 through 2014 is believed to have contributed
substantially to the acceleration of innovation in the O&G industry.
This acceleration has bridged the gap between ideation and full-scale
deployment.
4

Based on RigZone Survey (Jones 2019).

Integrated Oil Companies and the Requiem for a Transition: How Are They Coping with Climate Change?

15

This innovation trend is illustrated by the many patent grants to both IOCs
and OFSCs before the end of the 2010s, as Figure 5 shows. Through a
collective process of learning by doing, small-to-medium shale operators
advanced technologies, such as hydraulic fracking and directional drilling.
These technologies aimed to improve efficiency, reduce development
costs and maximize the returns on investment from shale assets. These
efforts resulted in knowledge spillovers, such as patents, which led to
positive production externalities across the O&G industry. As a result, shale
production surged as O&G prices rose.

The decline in
patents by IOCs and
OFSCs may reflect a
decline in innovation
and their ability to
compete in the green
energy transition

IOCs may not be
agile enough to lead
the energy transition
on their own

Despite the recovery of oil prices in late 2016, patent grants to IOCs and
OFSCs have continued to decline. This further decline occurred after the
Paris Agreement was signed on April 22, 2016. Between January 2017 and
January 2021, U.S. President Donald Trump provided unmatched support
to the domestic O&G industry through deregulation and federal land drilling
permits. President Trump withdrew the U.S. from the Paris Agreement in
late 2019. However, his administration’s support for the O&G industry did
not arrest the decline in innovation. The uncertainty wrought by climate
change, the COVID-19 pandemic and the sharp decline in oil prices slowed
innovation.
The sharp decline in patent grants, especially to OFSCs, is very alarming.
The decline in patents by IOCs and OFSCs may reflect a decline in
innovation and their ability to compete in the green energy transition.
However, one may argue that technologies to combat climate change
already exist, and the transition is instead a matter of business model
readiness and agility.

Current Efforts to Adjust the Business Model
Following the spree of nationalization after the 1973 oil embargo, major
companies underwent great restructuring efforts to optimize their
operational and capital expenditures. M&As were common as companies
hoped to make up for their losses of access to hydrocarbon reserves
and expand in new markets. By the second Gulf War in 1990, concerns
over energy security were spurred by fears that peak oil supply would
be reached. U.S. oil production peaked in the early 1970s and declined
after that. During this time, IOCs focused on exploiting conventional O&G
assets domestically and overseas to ensure supply security. As oil prices
gradually increased, many entrepreneurs, such as George Mitchell and
Mark Papa, sought to extract O&G from shale formations. After several
attempts and the drilling of many wells, independent developers managed
to commercialize shale. The so-called shale boom began, catapulting the
U.S. to become one of the top crude oil and natural gas producers globally.
The shale boom marked a major shift in the business structure of the
O&G industry. Shale generally required more capital and cash-intensive
development, with significantly shorter production and investment cycles.
IOCs were accustomed to large scales and long lead times, which required
more attention to safety and protocols, whereas independent operators had
different interests. The competitive advantages of independent operators
are their freedom to experiment, abilities to innovate and decentralize and
rapid decision-making, especially in the procurement process. Most IOCs
seem to lack these capabilities. Thus, IOCs may not be agile enough to
lead the energy transition on their own.
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Major companies began expanding into shale only after it became
commercially viable. Such companies tend to ride the tails of innovation,
focusing on their strength and speed in creating economies of scale. The
shift from long investment cycles to shorter ones was driven by many
factors besides the sizes of the stakes. The lack of capital discipline,
delayed commissioning and the increasing number of stranded assets
held by many major companies raised concerns from investors and
shareholders. They demanded earlier returns. Pressure by investors to
rethink investments in oil assets and the fear of regulations to mitigate
climate change increased market uncertainty. As a result, short-term
investments became more appealing and aligned with some major
companies’ plans to become energy and power companies.
The transition from long-cycle to short-cycle investments varied across
IOCs. Some major companies were successful, whereas others
experienced difficulties adapting their business models. Their skillsets
and mindsets were different from those of independent operators, and the
shale business needed its own space to flourish. Most major companies,
including Chevron, ExxonMobil and other U.S. IOCs, were late to begin this
transition. Some began investing in shale assets by setting up partnerships
with independent operators. Others acquired small shale companies,
such as XTO Energy, which ExxonMobil purchased in 2009. Most
non-U.S. IOCs, such as BP and Shell, entered the shale industry
through acquisitions.
The shale industry offers an example of IOCs’ adaptability in the face
of energy market transitions. However, shale is generally opposed by
advocates of net-zero emissions, not an enabler of the green energy
transition. With the rise of shale production, the U.S. is now ranked fourth
globally in terms of upstream associated gas flaring volumes, after Russia,
Iran and Iraq (Global Gas Flaring Reduction Partnership 2021). The shift
toward shale has increased the shaming of the oil industry and IOCs in
the West. As a result, these companies are exploring different paths to
lowering their carbon footprints within and beyond the O&G value chain.
Their strategies include capitalizing on their operational excellence in
large-scale projects and financial cushions to produce hydrocarbons more
sustainably, efficiently and affordably.
European IOCs have taken the lead on the green energy transition. They
are under immense pressure from their governments and the public to align
with the goals of the Paris Agreement. Shell, for instance, was ordered by
a Dutch court to cut its carbon emissions by 45% from its 2019 base levels
by 2030. It had pledged to cut emissions by 20% from its 2016 baseline by
2030 (Reuters 2021). Some European firms, such as BP, project that peak
oil demand has already occurred. Others expect it to take place in this or
the following decade (Cook and Cherney 2017). As a result, firms have
already established medium- to long-term net-zero targets, mostly by 2050.
They will achieve these targets by flattening their production, increasing the
share of renewables in the energy mix and lowering the hydrocarbon share.
They will decarbonize their O&G value chains and advance applications of
CCUS. Table 1 provides an overview of the climate-related targets set by
EU IOCs. O&G production targets are given in units of million barrels of oil
equivalent per day (MMb/d).
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Many IOCs have achieved great progress in renewable energy by buying
companies and assets. They are partnering with energy leaders in related
segments to diversify their portfolios and, most importantly, transfer
technologies and gain experience. For instance, BP acquired a 50% stake
in Equinor’s offshore wind farms on the eastern coast of the U.S. These
wind farms will have a capacity of 50 gigawatts (GW) by 2030. BP paid $1.1
billion for this stake to accelerate its entry into this field (BP 2020).
This move is part of BP’s announced plan to increase low-carbon
investment to $5 billion per year by 2030. It aims to increase renewable
generation capacity from 2.5 GW in 2019 to 50 GW (McFarlane 2020).
Renewables also feed into industry efforts to create low-carbon fuels, such
as green hydrogen, which can be blended with natural gas. These efforts
align investments in renewables with these firms’ traditional fuel businesses
rather than requiring them to supply electric power.

Table 1. European IOC climate-related targets as of mid-year 2021.
Shell

BP

TotalEnergies

Eni

Repsol

O&G production
(MMb/d)

2020: 3.9
2030: 4.3
2035: 4.1

2.9
3.4
3.3

2.7
2.9
3.2

1.8
2
1.9

0.73
0.73
0.68

Renewables (GW)

2025: 0
2030: 0

20
50

25
3.5

5
15

5.2
12.7

Low-carbon
investments

2025: Up to $3
billion per year

2025: $3-4 billion
per year
2030: $5 billion per
year

2024: >$2 billion
per year
2030: >$3 billion
per year

2023: 2.08 billion

Net-zero emissions

2050: Scopes 1, 2
and 3

2050: Scopes 1, 2
and 3

2050: Scopes 1, 2
and 3

2030: Scopes 1
and 2
2050: Scopes 1, 2
and 3

CCUS,
million metric
tonnes per annum
(mtpa)

2035: 25 mtpa

2030: 5-10 mtpa
(including naturebased offsets)

2030: 7 mtpa
2050: 50 mtpa

Flaring

2030: eliminate
routine flaring

2030: eliminate
flaring of
associated gas

2030: eliminate
process flaring

2050: Scopes 1, 2
and 3

2030: eliminate
routine flaring

Sources: Global Data, Company Sustainability Reports and Rystad Energy.

North American IOCs’ approach differs from that of their European peers
(see Table 2). These IOCs have set internal targets to curb emissions
across their O&G value chains. Except for Chevron, however, they have not
joined the World Bank initiative to end routine gas flaring in their upstream
operations by 2030. Only Canadian firms have established long-term
net-zero targets. Canada’s prime minister announced a hard cap on O&G
sector emissions (Rabson 2021). Oil companies therefore asked the federal
government to introduce major tax credits to pay for CCUS (Nickel 2021).
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Oil prices exceeding breakeven costs incentivized Canadian oil companies
to invest in oil sands at a large scale. These investments are especially
attractive if higher prices persist for long and if a boom in heavy oil
production is likely to occur. Canadian firms have been capitalizing on this
window. However, they still adhere to the emissions standards (i.e., the
Air Emissions Inventory) set by the government of Alberta, where most
oil sand deposits are extracted. To appease the public and improve oil
sands’ image, these operators, along with two other Canadian firms, have
voluntarily set net-zero targets for 2050 (Imperial 2021). They will likely
achieve these targets through the purchase of nature-based offsets.

Table 2. North American IOC climate-related targets as of mid-year 2021.
ExxonMobil

Chevron

Imperial Oil

Cenovus Energy

Suncor Energy

O&G production
targets
(MMb/d)

2020: 4.30
2025: 4.60
2030: 5.00

3.50
4.10
4.00

0.12
0.13
0.14

0.75
0.77
0.91

0.69
0.82
0.80

Renewable
capacity

None

2025: 500 MW

None

None

None

Low-carbon
investments

2025: $3 billion

2028: $750 million

Net-zero emissions

2025: Scopes 1 and 2

No targets

CCUS

2020: 8.5 mtpa

Gas flaring

2025: 35-45% reduction
in absolute flaring and
methane emissions

2028: 66%
reduction
2030: eliminate
routine flaring

2050: Net-zero emissions for oil sands
None

None

None

No targets

No targets

No targets

Source: Rystad Energy and Company Sustainability Reports.

It is fair to conclude that heightened awareness of climate change has
compelled IOCs and the O&G industry to restructure their business
models. A recent report by the IEA (2021a) has further pressured O&G
companies to accelerate the energy transition. The report advocates for a
halt in investments in new unsanctioned O&G projects to meet the Paris
Agreement’s climate goals by 2050. It sets forth only one path to net-zero
emissions and excludes the use of offset credits. It also assumes a lower
uptake of negative emissions technologies. Many oil exporting nations
and O&G companies bitterly resent the report and its findings. The path
presented is narrowly focused and does not match industry scenarios.
It is very difficult to determine which approach to the energy transition is
better and more balanced. European IOCs hope to become diversified
energy companies, but achieving this target without government support
and subsidies is difficult. The Dutch government has granted a consortium
that includes ExxonMobil and Shell around $2.4 billion in subsidies. These
subsidies are to be used for their planned carbon capture and storage
project in the North Sea (Lepic 2021). In contrast, North American firms
view climate change with derision. From their perspective, O&G and

Heightened
awareness of
climate change has
compelled IOCs and
the O&G industry
to restructure their
business models
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renewables are very different, and attempts to force their integration violate
their freedom-to-operate rights. They argue that integrating renewables will
result in improper resource allocation and imperil their business continuity.
Thus, they are caught in the prisoner’s dilemma.

IOCs Facing the Prisoner’s Dilemma
The future demand for oil and the future of IOCs are ambiguous. The
possibility of reaching peak oil demand has been a frequent topic of
speculation among energy analysts, environmentalists and politicians.
Since Scientific American published the article “The End of Cheap Oil,”
its prediction of peak oil by 2005 has been proven incorrect. In part, it
underestimated the rise in unconventional O&G production, mostly from
shale formations (Bardi 2019).
Oil demand experienced an unprecedented decline of 25% because of
lockdown measures brought on by the COVID-19 pandemic in early 2020.
However, the IEA (2021b) forecasts that demand will recover and even
surpass pre-pandemic levels over the next five years. The peak oil demand
debate has lost some momentum, and perspectives on when oil demand
will enter a sustained decline vary. However, international commitments
to address climate change and rising emissions continue to gain traction.
The international consensus is that climate change is a real threat and that
action is needed. The recent election of President Joe Biden brought the
U.S. back into the Paris Agreement, with efforts to reintroduce itself as a
global climate leader.5
In this environment, IOCs, along with the O&G industry at large, face a
prisoner’s dilemma. This problem relates to a lack of incentives needed
to motivate individual companies to participate in the energy transition
by drastically reshaping their business models. IOCs have been slow to
embrace the energy transition, as the perceived risks associated with doing
nothing in response to the threat of climate change and possible policy
action has been low. Interpreting, or predicting these risks, is challenging
as they apply to a complex set of decision-makers across producer and
consumer markets, in which IOCs play a central role.
Social perception has contributed to a declining reputation of IOCs.
However, coordinated strategies and penalties to encourage IOCs, and
consumers, to commit to the energy transition have generally been lacking.
IOCs have taken some clear positions to respond to the emerging risk
of climate regulation and commit to leading the energy transition. BP’s
attempt to rebrand itself as ‘Beyond Petroleum’ in 2002 is a prominent
example. However, this attempt eventually failed, as it may have occurred
too soon. The costs of transitioning to alternative energy were still too high
at the time. BP’s competitors did not face regulatory or other disadvantages
or investor pressure to transform their traditional business practices. Not
fully committing to the energy transition has been a default strategy for
most IOCs, choosing to observe rather than act. Instead, the O&G industry
has focused on managing social perceptions while continuing to invest in
the traditional fuel supply business. As a result, IOCs are collectively at
risk of facing a prisoner’s dilemma if serious financial and investment risks
associated with climate change materialize.

The U.S. and China released a Joint Statement Addressing the Climate Crisis.
The former hosted a Leaders Summit on Climate in April 2021.
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Writing into law the necessary incentives to advance the O&G industry’s
energy transition has proven to be financially and politically challenging. In
the U.S. context, this difficulty is not surprising, as major companies have
vied to acquire dominant positions in the market. Companies have sought
government support via policies and regulations that preclude entry. They
lobby for regulations to raise the cost of entry or push fringe producers to
exit the market. Antitrust and competition laws are seldom enforced against
major companies. The Sherman Antitrust Act, which led to the dissolution
of Standard Oil in 1911, and some subsequent laws, including the Clayton
Act, are notable exceptions. In 1940, 22 O&G companies and the American
Petroleum Institute (API) were charged with colluding, restraining and
monopolizing the oil trade. However, the case was dismissed in 1951 on
national security grounds. Other similar cases and charges were dropped
after World War II. National security short-circuited the application of
antitrust laws or lessened their impacts, helping companies reinforce their
positions in the oil markets (Brock 2016).
IOCs, especially U.S. firms, and several O&G developers have capitalized
on lobbying to retain their market shares. These firms maintain staff to
keep track of legislative and administrative activity. Employing consultants
and lobbyists to influence policymakers to adopt favorable legislation
or refrain from adopting unfavorable laws is a standard, legal business
practice across industries. Many IOCs have historically communicated
with lobbyists directly or via third parties, such as the API.6 They aim to
influence and block or dilute harmful legislation, especially environmental
laws and policies.
Figure 6. Annual lobbying expenditures and Brent crude oil prices.
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The API is the most powerful lobbying trade association in the O&G industry. It
represents the interests of over 600 O&G companies, including non-U.S. IOCs,
such as Repsol, Shell and BP (American Petroleum Institute 2021).
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However, evidence shows that the annual lobbying expenditures of IOCs
and the API have been declining over time (Figure 6). The heightened
awareness of climate change and advocacy for net-zero emissions
is targeting the O&G industry. As climate policy and shifting investor
sentiments put a greater emphasis on climate change, the lack of
incentives for individual IOCs to participate in the energy transition may
work against their collective interests in the longer term.
In late 2019, ExxonMobil mounted a defense against accusations that it
committed securities fraud by misrepresenting climate regulations’ impacts
on its business to investors (Peltz 2019). Although the defense succeeded,
increased pressure, particularly in Europe, has shifted the dynamics among
API members. TotalEnergies opted not to renew its API membership over
differing climate positions (Bousso 2021). This withdrawal highlights a
widening rift between European IOCs and their North American peers. The
former have accelerated plans to cut emissions and build large renewable
energy businesses. In contrast, the latter have not yet responded as
strongly to growing investor pressure, limiting progress by IOCs overall.
With recent updates to climate treaties and international pressure from the
UNFCCC, O&G companies are considering alternative strategies. Taking
no action and waiting for competitors to move first could translate into
IOCs facing elevated climate-related financial risks, by not adapting their
business to the escalating the threats posed by climate change. Actions
taken by individuals in their own self-interest could lead to a suboptimal
outcome for the IOCs as a whole, implying a prisoner’s dilemma. Instead,
cooperative action may be necessary.

A more cooperative
strategy to climate
change has started
to form with the
six remaining
supermajor IOCs
joining NOCs
and independent
operators to form the
OGCI in 2014

A more cooperative strategy to climate change has started to form with the
six remaining supermajor IOCs joining NOCs and independent operators
to form the OGCI in 2014.7 OGCI members represented about 29 MMb/d
(30%) of liquids and 15 MMb/d (23%) of gas production in 2019. This group
sets a collective front for climate targets by the industry and ensures that
fewer defectors can undermine commitments.

OGCI members include BP, Chevron, Chinese National Petroleum Company
(CNPC), ENI, Equinor, ExxonMobil, Occidental (Oxy), Petrobras, Repsol, Saudi
Aramco, Shell and Total.
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Figure 7. (a) Upstream carbon intensity (CI) and (b) total CI versus the liquids-to-gas ratios of IOC and independent
OGCI members.
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Notes: The sizes of the circles represent the corresponding companies’ total upstream production of liquids and gas. The smallest
is Repsol (0.7 MMb/d), and the largest is Aramco (13.2 MMb/d).

The OGCI have set a collective upstream CI target of 20 kilograms of
carbon dioxide equivalent per barrel of oil equivalent (kgCO2e/boe) by
2025.8 This involves reducing emissions associated with upstream E&P,
classified as scope 1 (i.e., direct emissions such as gas flaring and
methane leakages) and scope 2 (i.e., indirect emissions from the supply
of electricity and heat). In 2019, the reported upstream CI of the OCGI’s
members ranged from 9.5 to 44.3 kgCO2e/boe. The values reported by the
IOCs and independent operators in the OGCI are depicted in Figure 7a.9
The horizontal axis shows the liquids-to-gas ratio, and the size of each
circle indicates each company’s relative production in boe terms. Among
the IOCs, TotalEnergies is the leader in the upstream CI metric, as the only
IOC below the OGCI average. Equinor and Aramco are the overall leaders
with upstream CIs of 10 kgCO2e/boe. These two NOCs reduce the group’s
average significantly, as they represent more than half of the OGCI’s total
production.
These results show how IOCs can improve their upstream CIs by reducing
direct emissions. However, the upstream CI measure only accounts for
realized emissions from E&P, representing a fraction of the total, which
includes other downstream scope 3 emissions (i.e., processing, refining
and final demand). Figure 7b presents each company’s total CI (including

8

In 2019, the group reported a collective upstream emission intensity of 21.1 kgCO2e/boe.

9

This range excludes CNPC, Equinor, Petrobras and Saudi Aramco, which are NOCs.
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scope 3 estimates). These measures account for the higher emission
factors of liquid fuels (434 kg CO2e/boe for crude) relative to natural gas
(about 310 kg CO2e/boe). As a result, natural gas, often presented as
a cleaner transition fuel, can significantly impact the CIs of IOCs (e.g.,
Repsol, Oxy, Petrobras and Aramco).
Committing to climate change will require IOCs (and other producers) to
engage in the decarbonization of their consumers’ downstream emissions.
The OGCI Climate Investment Fund was established to support the
development of low-carbon technologies throughout the supply chain. This
fund has awarded over $1 billion to companies targeting the reduction and
recycling of methane and carbon emissions. North American IOCs are not
directly investing in renewable energy like their European counterparts are.
However, both groups have highlighted the importance of CCUS combined
with carbon dioxide enhanced oil recovery (EOR) in achieving long-term
net-zero targets.
IOCs need to substantially invest in CCUS projects to meet their
contribution to the IEA’s goal of net-zero emissions by 2050. O&G supplied
by the OGCI is responsible for more than 6,000 million mtpa of carbon
dioxide equivalent. It is also responsible for 10% of global fossil fuel and
industrial emissions, estimated at 36,000 mtpa (Global Carbon Project
2021). ExxonMobil currently has the largest share of CCUS capacity, at
8.5 mtpa. The shortfall in CCUS investments to date reflects the capital
intensity and low returns on investment of these projects. EOR applications
are envisaged to increase oil-in-place recovery by 15% to 20% (Institute
for 21st Century Energy 2012). However, most of their applications target
depleted zones of mature reservoirs that are difficult to extract, and their
value propositions are marginal.
IOCs generally prefer large-scale projects with substantial returns on
investment over small-scale projects. For example, BP spun off its mature
Prudhoe Bay assets because of the low profit margins. Enforcing stricter
climate policies and regulations, such as the EU national carbon tax and
emission trading schemes, would create incentives to develop large-scale
CCUS projects. The U.S. Carbon Capture Coalition has been lobbying
for tax benefits for the CCUS industry, including the 45Q tax credit (Beck
2020). ExxonMobil has announced plans to develop a $100 billion carbon
capture hub in Texas, with an annual storage capacity of 50 mtpa by 2030.
In Europe, Equinor, Shell and TotalEnergies are developing the Northern
Lights project, which will provide a vast pipeline network for carbon dioxide
capture and storage.

Closing Remarks
Energy security and energy transitions have features in common and tend
to complement each other. As new entrants in the energy supply sector,
IOCs were key proponents of the energy transition at the beginning of the
20th century. Their focus has been on securing a dominant share of the oil
supply market to serve as a pillar of global energy security. However, the
restructuring of the oil industry, including the emergence of large NOCs
and independent operators, has shifted IOCs’ role. They no longer function
as the only major suppliers and drivers of innovation. Technological
advancements and commercialization have also been led by OFSCs.
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In the 21st century, the international community is pushing for a global
energy transition that prioritizes reducing GHG emissions to combat climate
change. IOCs have a new opportunity to contribute to the next energy
transition. However, they are now incumbents rather than new entrants,
and the energy transition poses a significant challenge to their traditional
business models. In addition, both their competitors and the OFSCs that
they rely on may be better suited to respond to the technical challenges of
this transition. For IOCs to navigate the energy transition successfully, they
may need to cooperate and secure partnerships.
IOCs are at a crossroads for changing their business models and adapting
to the new reality. Past efforts to take the lead on the green energy
transition, such as BP’s efforts, have not been successful. Timing may
have been a key factor, as was a lack of policy clarity and higher transition
costs. Going forward, IOCs will need to leverage their strategic advantages
to address the energy transition. Recently, IOCs and other large producers
have begun to mount cooperative strategies, such as the OGCI. This can
help them avoid falling into a prisoner’s dilemma with a lack of consistent
policy and market incentives to act alone. One cooperative strategy is to set
combined targets to reduce direct carbon emissions. Another more crucial
one is coordinating the development of CCUS and other technologies to
manage larger downstream scope 3 emissions.
Another strategic advantage of IOCs is their experience in reservoir
management, which they can leverage to advance CCUS services.
However, these technologies pose significant challenges, as they are
capital intensive and offer low returns. CCUS addresses environmental
externalities (i.e., carbon dioxide emissions) that are not sufficiently priced
in existing energy markets. The European market has stricter climate
policies, including a national carbon pricing scheme and mounting investor
pressure. Nevertheless, renewable developments are leading over CCUS
in IOCs’ net-zero efforts in Europe relative to those of major IOCs in
North America.
IOCs have the advantage of size and integrated business models that
can adapt to new business practices. However, they lack flexibility in
implementing new business practices relative to independent operators.
New entrants and specialized operators, such as OFSCs, will need to
take the lead in innovation. IOCs will likely struggle to realize their role
in the energy transition unless they continue to work with these entities.
Other producer groups, particularly NOCs, can undermine IOCs’ efforts
with additional political support and backing. To benefit from acting on the
energy transition, IOCs will need coordinated climate policy efforts by the
international community and alignment with NOCs. IOCs must navigate this
major uncertainty in any cooperative effort.
Small-to-medium O&G operators, such as Occidental, and OFSCs are
expected to lead the industry in its quest to carbon neutrality. However,
NOCs do not receive enough attention relative to their role in the global
energy supply, and they are expected to play an increasing role in the
energy transition going forward. Evidence shows that NOCs, such as Saudi
Aramco, and hybrid companies, such as Equinor, can outperform IOCs in
achieving low carbon intensities, and can leverage the support and backing
of their governments to advance climate commitments.

NOCs do not receive
enough attention
relative to their role
in the global energy
supply, and they are
expected to play an
increasing role in
the energy transition
going forward
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About the project
The Future of Shale Development project aims to assess the impacts of
U.S. shale oil and gas on supply and demand balances. This project also
examines the performance of U.S. shale production and highlights the
challenges that hinder shale oil and gas growth. These challenges include
technologies, environmental policies and companies’ access to capital.
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