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Abstract

This paper considers the role of oil companies in the energy transition. That is, what strategies and
investments these companies have made and what roles they have taken in response to the potential
challenges of a likely transition to a low-carbon world. Previous work considered the role of several of
the international oil companies in investing in renewable energy, and this paper expands the scope of
inquiry to national oil companies and to other technologies such as carbon capture and storage and
hydrogen fuel cells.

1. Introduction

An energy transition is described as a long-run structural change in energy systems (Hauft et al 2014). The
process is broad and encompasses numerous facets of the energy sector. In this paper, however, we focus on the
actions of oil majors. Recent technological developments in electric cars could result in a substantial decline
in oil consumption (Cherif et al 2017), which could speed the transition even beyond current estimates. The
expected decreased demand for fossil fuels and concerns over damage from climate change will create business
risks for oil majors and could result in a significant number of stranded reservoirs (McGlade and Ekins 2015).
Therefore, from the perspective of oil majors, it is vitally important to find solutions that keep them in the market
while contributing to global climate change mitigation. International oil companies (IOCs) and national oil
companies (NOCs) have begun exploring investments in sectors other than oil and gas while also seeking to
reduce emissions in their own operations.

Heretofore, we examined the renewable energy investments of several IOCs in renewable energy (Zhong
and Bazilian 2018). Now, we contribute to the existing literature by expanding the analysis to include both IOCs
and NOCs and showcasing a range of additional strategies, including investments in technologies such as car-
bon capture and storage, or carbon capture and sequestration (CCS), and hydrogen. Developments in company
strategies and investments are moving at a rapid pace and we focus on highlighting illustrative examples of oil
and gas company actions. Some of the companies are engaged in strategies such as increasing the share of gas
and low-carbon oil in their portfolios, purchasing carbon offsets, encouraging end-user energy conservation
through efforts such as ridesharing. This study does not consider those strategies, choosing to focus on more
fundamental strategies being utilized across the oil and gas industry. This analysis is not a comprehensive, nor a
systematic review, but rather a snapshot of the state of the industry in relation to the energy transition.

This study focuses on transformation and transition in the industry, in particular transformation related
to decreasing greenhouse gas (GHG) emissions, energy efficiency, investments in new technologies, and new
business models. We analyze IOCs and NOCs separately because their governance structures can differ in funda-
mental ways. NOCs are primarily managed directly by governments, so their decision-making is notably policy
driven, while IOCs are private companies, and thus their goals and actions are driven primarily by business con-
cerns.

The remainder of this study is organized as follows. Section 2 gives an account of the energy transition and
the methodology used in this paper. Section 3 explores the role of IOCs in the energy transition and section 4
explores the role of NOCs. Finally, section 5 presents our conclusions.
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Table1. Energy transition assessment.

Degree of investment in low-carbon technologies

GHG emissions intensity Tight Loose

High Integrating low-carbon technologies in Not engaged in energy transition
oil and gas production

Low Expanding beyond oil and gas production Aiming to lower operational emissions

2. Energytransition and methodology

There are a variety of methods that oil companies can use to adapt to the energy transition. In this paper, we
review various strategies that oil majors have employed or plan to employ to reduce GHG emissions. We use
a method similar to the one used by Zhong and Bazilian (2018) to categorize these companies into four main
groups: (1) integrating low-carbon technologies into oil and gas production, (2) expanding beyond oil and
gas production, (3) not engaging in low-carbon investments or emissions reduction, and (4) aiming to lower
operational emissions. This framework is summarized in table 1.1t enables us to assess the level of 0il companies’
actions to build low-carbon businesses as well as the level of their success. We should note that this is not a
comprehensive study; we include highlights and important data points that show how oil companies are seeking
to navigate the energy transition. The highlights are from public data made available over the past two years until
September 2018.

Oil companies try to reduce carbon emissions by improving energy efficiency in operations and products,
investing in renewable energy (solar, wind, biomass, geothermal, hydro-power, and marine energy), increasing
the share of gas in production, and investing in new low-carbon technologies such as electric vehicles, hydrogen
technologies, and carbon capture and storage (CCS).

Figure 1 shows the level of operational GHG emissions from various oil companies compared to the level of
their oil production. The figure also presents the level of emissions intensity which is calculated by dividing the
amount of emissions by total production. In addition, figure 2 demonstrates the degree of investment in low-
carbon technologies by some of these companies. This information can help us assess these companies’ efforts
towards a low-carbon business. For instance, companies such as Equinor and BP have relatively high low-carbon
investment and relatively low emissions intensity. This implies that these companies are among group 2, where
they are extending their expertise in the energy transition. The reminder of this study delves into the details of
their investments and reviews various energy transition strategies employed by these companies. In section 3 we
focus on the strategies of IOCs, and in section 4 we summarize the strategies of NOCs.

3. Therole of IOCsin the energy transition

IOCs are facing increasing pressure from shareholders and the public to decrease their carbon footprints. There
is also risk that, in the coming decades, investments in oil and gas could become unsustainable due to carbon
prices and current investments could become stranded assets. To address these concerns, IOCs are increasingly
employing strategies to adapt to the energy transition and maintain business viability in what is expected to
become a changing energy sector.

In this article, we outline the strategies of BP, Chevron, Eni S.p.A., Equinor (formerly Statoil), ExxonMobil,
Royal Dutch Shell, and Total S.A. Equinor, as a company that is majority owned by the government of Norway,
could be classified as an NOC. However, the company’s governance structure and level of autonomy mirrors
those of IOCs. Thus, for the purposes of this study, Equinor will be treated as an IOC. This section’s layout is as
follows. In section 3.1, we focus on the strategies employed by IOCs with respect to different technologies, and in
section 3.2, we examine the scale of investments.

3.1. IOCstrategies and plans

IOC strategies to navigate the energy transition comprise a variety of areas: achieving operational emission
reductions, utilizing renewable energy, developing low-carbon transportation fuels, commercializing carbon
capture and storage (CCS), and developing technologies for using hydrogen in power generation and in
transportation.

3.1.1. Energy conservation and emissions reduction

From both an environmental and an economic perspective, IOCs have an incentive to reduce emissions.
Companies face pressure from shareholders and society to reduce GHG emissions to lessen their contribution to
climate change. Methane, the primary component of natural gas, is a potent GHG that lasts only ten years in the
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Figure 1. 2015 oil production and GHG emissions (Data sources: CDP report (2017) and company reports).
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Figure 2. Disclosed low-carbon investment as a proportion of total CAPEX (2010-Q3 2018). Includes Asset Finance, M&A and
Venture Capital spend. Note: No disclosed investment for Anadarko, Apache, Hess, Noble Energy, Occidental, OMV, Rosneft and
Woodside. Source: CDP Investor Research (Fletcher et al 2018).

atmosphere but absorbs much more energy than carbon dioxide (CO,), giving it a global warming potential 28 to
36 times higher than CO, over a 100-year time frame and 84 to 87 times higher over 20 years (U.S. Environmental
Protection Agency 2017). Because of this, even though it only accounts for 16 percent of global GHG emissions,
it has an outsized impact on global warming (IPCC 2014). Fossil fuel production accounts for approximately
105 million tons of methane emissions per year, making it approximately 30 percent of anthropogenic methane
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emissions (Global Carbon Project 2016). Oil and gas companies could therefore contribute significant cuts to
global methane emissions by addressing their operational emissions. In addition, reducing fugitive or flared
methane emissions released during the oil and gas extraction process can also increase the amount of usable
productif sufficient markets exist (Chakrabarti2012).10Cstrategies to cut GHG emissions from their operations
frequently include emissions reduction goals, including absolute CO, emissions reductions, reductions in
emissions intensity or increases in energy efficiency, and methane emissions reductions.

In September 2018, the Oil and Gas Climate Initiative (OGCI), an industry group in which all seven IOCs
are members, announced an upstream methane emissions intensity target of 0.25 percent of production by 2025
(Oil and Gas Climate Initiative 2018b). All seven IOCs are also members of IPIECA, an industry group seek-
ing to help improve companies’ environmental and social performance, and the Global Gas Flaring Reduction
Partnership, a World Bank-led project seeking to help reduce the flaring of natural gas. BP, Eni, Equinor, Shell,
and Total are members of the Oil and Gas Methane Partnership, a UN-led project that seeks to reduce methane
leakage from oil and gas operations. BP, Chevron, Equinor, Shell, and Total are members of the Environmental
Partnership, an American Petroleum Institute-led series of voluntary programs to reduce methane emissions
through technological and operational changes at oil and gas sites.

BP announced in 2018 that it would seek to make 3.5 million CO,-equivalent tons of sustainable emissions
reductions by 2025 through improvements in energy efficiency, fewer methane emissions, and reduced flaring
(BP 2018a). The company is also planning to hold net operational GHG emissions at 2015 levels to 2025 by off-
setting any of the companys emissions growth with carbon offsets. Holding net GHG emissions at 2015 levels
would mean maintaining 51.2 million CO,-equivalent tons. BP is controlling methane leaks through replacing
old equipment, limiting the number of production facilities, and automating extraction processes (BP 2018h).
Prior to the OGCI methane target announcement, BP set its own goal requiring methane emissions to be limited
to 0.2 percent of its natural gas production, a target that the company reports it has already achieved in 2017 (BP
2018a).

Aside from the OGCI methane intensity target, Chevron has not set any GHG emission reduction targets.
The company has, however, achieved some reductions in GHG emissions through energy efficiency and methane
emission reductions. In Chevron’s Upstream division, energy conservation methods such as predictive analytics
and monitoring and optimization software have reduced 180000 metric tons of GHGs from 2014 to 2017 in its
San Joaquin Valley business unit and reduced energy intensity by 27 percent from 2014 to 2016 in its IndoAsia
business unit (Chevron 2018c). The company also has 1075 megawatts (MW) of cogeneration capacity at some
of its refineries and upstream production facilities. Chevron has reduced natural gas flaring by 22 percent from
2012t02017.

In 2018, Eni CEO Claudio Descalzi announced the company was putting together a plan for the company to
become carbon neutral and would provide the details by the end of the year (Mandala 2018). In the meantime,
the company has set a target of reducing the intensity of its upstream GHG emissions by 43 percent from 2014
levels by 2025 (Eni 2018b). This would mean a reduction from 0.19 tons of CO,-equivalent per ton of oil-equiva-
lent (tCO,e/toe) in 2014 to approximately 0.11 tCO,/toe in 2025. Eni implements leak detection and repair pro-
grams to address fugitive methane emissions, reducing approximately 2 million tCO,e from 2014 to 2017. The
company has set a goal of reducing methane emissions by 80 percent from 2014 levels by 2025. This would mean
areduction from 2.89 million tCO,e in 2014 to 0.58 million tCO,e in 2025.

Equinor is seeking to cut its CO, emissions by 3 million tons per year from a business as usual baseline
through 2030 (Equinor 2017¢).In 2017, the company reported a reduction of 356 000 tons, chiefly from optimiz-
ing operation times at a liquefied natural gas (LNG) plant, energy efficiency measures at a gas processing plant,
and carbon capture and storage from its demonstration projects. Equinor set an emissions intensity target for its
upstream portfolio of 8 kilograms (kg) CO, per barrel of oil-equivalent (boe) by 2030. The company reported an
intensity of 9kg CO,/boe in 2017, so this would represent a 12.5 percent reduction. In 2017, Equinor announced
that it would charter two offshore platform supply vessels powered by hybrid energy systems that included bat-
teries supplied by Corvus Energy, in which Equinor Energy Ventures is an investor (The Motorship 2015, Off-
shore Energy Today 2017).

Exxon has approximately 5500 MW of cogeneration technology installed at its facilities around the world,
avoiding approximately 6 million metric tons of GHGs per year (ExxonMobil 2018b). Exxon is implementing
leak detection and repair programs using optical gas imaging cameras and replacing high-bleed components in
the extraction process (ExxonMobil 2017). Exxon has also set an ambition of reducing its methane emissions by
15 percent by 2020 from a 2016 baseline (ExxonMobil 2018¢). In 2016, Exxons methane emissions were 7 million
CO;-equivalent metric tons (ExxonMobil 2017), so the company intends to reduce emissions to approximately
5.95 million metric tons in 2020.

In 2017, Shell announced it would reduce the intensity of its emissions from its operations, its purchased
power, and the consumption of its products by 20 percent by 2035 and 50 percent by 2050 (Royal Dutch Shell
2017a). Shells emissions intensity was 83 grams (g) CO,e/megajoule (M]) in 2017, so the company plans to
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reduce it to 66.4g CO,e/M]J in 2035 and approximately 43 g CO,e/M]J in 2050 (Royal Dutch Shell 2018d). In
2014, Shell invested in Glasspoint, which manufactures solar steam generators for enhanced oil recovery (EOR)
(Wesoff 2014). Shell has also agreed to purchase 50 percent of the output from the Borssele IIl and IV wind farm
in the Netherlands, in which it owns a 20 percent stake (Weston 2018), and pledged to incorporate solar into its
operations, starting with a chemicals site in the Netherlands (Royal Dutch Shell 2018f). Shell uses leak detection
and repair strategies utilizing optical gas imaging cameras to monitor methane emissions from its shale opera-
tions (Royal Dutch Shell 2017b). Prior to the OGCI methane target announcement, Shell set its own goal of a 0.2
percent methane emissions intensity by 2025 (Royal Dutch Shell 2018c¢). The baseline leak rate is between 0.01
and 0.8 percent.

In 2016, Total set a target of increasing energy efficiency by 1 percent per year from 2010 to 2020 (Total 2017a).
Beyond 2020, the company’s ambition is to reduce the carbon intensity of its products by 15 percent from 2015
to 2030 and between 25 and 35 percent by 2040 (Total 2018c¢). This would represent a decrease from 75 grams
CO,-equivalent per 1000 BTUs in 2015 to about 64 grams in 2030 and between 49 and 56 grams per 1000 BT Us
in 2040. The company is also aiming to eliminate routine flaring by 2030, with an interim target of an 80 percent
reduction from 2010-2020. The company says it met the 80 percent reduction target in 2017 (Total 2018c). Total
is also emphasizing the role of natural gas in its portfolio, identifying it as the heart of our ambition to be the
responsible energy major.

With the OGCI methane reduction target, it is clear that all seven IOCs are committed to keeping their meth-
ane emissions low. However, when it comes to overall GHG emissions reduction goals and emissions intensity
goals, the European IOCs outpace their American peers. Even among the European majors, strategies clearly dif-
fer. For example, Shell’s inclusion of the emissions from the consumption of its products in its emissions reduc-
tion goal is unique, given the fundamental difficulty of reducing this category of emissions without decreasing
sales or shifting the products the company sells. BP’s goal to offset its emissions growth through 2025 is also
unique among its peers. Assuming Eni delivers on its promise to outline a plan for carbon neutrality, it would be
the first oil major to entirely cancel out its GHG footprint.

3.1.2. Renewable energy

IOCs are moving into the electric power sector through four categories of strategies: acquisitions and minority
investments; venture capital investments; direct ownership of renewable generation assets; and research and
development (R&D).

A prominent category of strategies employed by the IOCs in the renewable energy space is acquisitions and
minority investments. IOCs have invested in or acquired developers, manufacturers, and utility companies. In
2017, BP took a 43 percent stake in solar developer Lightsource, renaming the company Lightsource BP (BP
2018g). Lightsource owns 1.3 gigawatts (GW) and operates 2 GW of solar. In November 2018, Equinor took a 9.7
percent stake in Scatec Solar, which owns 357 MW in operation and approximately 5.3 GW under construction
or in development (Equinor 2018a). Shell has acquired power distribution companies First Utility in the UK
and MP2 Energy in the United States (Royal Dutch Shell 2018f), the latter of which owns 1.7 GW of wind, solar,
and gas (Lacey 2017). Shell has a minority stake in Silicon Ranch Corporation, which owns approximately 900
MW of solar (Royal Dutch Shell 2018f), and a minority stake in Cleantech Solar, a commercial and industrial
solar developer in Asia (Stoker 2018). Shell also maintains a joint venture with Cosan called Raizen, which owns
940 MW of biomass-fired electricity generation capacity (Raizen 2018). Total owns a majority stake in Sun-
Power, the U.S.’s largest solar panel manufacturer (Gheorghiu 2018), and an indirect interest in wind, solar, and
hydro developer Total Eren (Total 2017a,2017c). Total has also acquired power distribution companies Lampiris
(now called Total Spring) and Direct Energie, the latter of which owns 800 MW of gas-fired generation capacity
and 550 MW of renewables (Total 2017a, 2018f), battery manufacturer Saft (Total 2017a), and energy efficiency
company GreenFlex (Total 2017b). Total also develops a range of off-grid solar products called Awango by Total
(Total 2018c).

IOCs are also investing venture capital in technology companies through their venture firms. BP has invested
in concentrating solar power (CSP) developer BrightSource, battery manufacturer StoreDot, Fulcrum Bioen-
ergy, EV charging company FreeWire, and biofuel developer Synthetic Genomics (BP Ventures 2019). Chev-
ron has invested in biofuel company Ensyn and EV charging company ChargePoint (Chevron 2018a). Equinor
has invested in energy storage developer Convergent Energy and Power (Equinor 2016a) and perovskite solar
manufacturer Oxford Photovoltaics (Willuhn 2018). Shell has invested in many companies in the past few years,
including off-grid solar company SolarNow in Uganda, off-grid smart meter company SteamaCo., Singaporean
solar developer Sunseap, and German battery developer Sonnen (Eckert 2018, Royal Dutch Shell 2018f). In Sep-
tember 2018, Shell announced a partnership with the National Renewable Energy Laboratory to create the Shell
GameChanger Accelerator Powered by NREL to fund new clean energy technologies (GCxN 2018). Total has
invested in solid-state battery manufacturer Ionic Materials (Felix 2018), fuel cell company Sunfire, biofuel com-
pany NexSteppe, storage developer Sunverge, and off-grid solar developer Off-Grid Electric (Total 2018e).
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The most direct, and arguably the most prevalent, strategy among IOCs is direct ownership of renewable gen-
eration assets. BP owns interest in 2259 megawatts of wind energy projects in the United States. Chevron owns a
16.5 MW wind farm in the United States and has invested in 73 MW of solar and 49 MW of geothermal projects
in the United States (Chevron 2018d). Eni is seeking to own 1 GW of wind and solar by 2021 and 5 GW by 2025
(Eni 2018b). The company is investing primarily in solar, but also in wind, in Europe, Asia, the Middle East, and
Africa (Eni 2018a). Equinor owns interests in seven offshore wind projects that are operational or in develop-
ment in Europe and the United States totaling approximately 6.4 GW (Equinor 2017¢). The company also has an
approximately 44 percent share of a 162 MW solar project in Brazil with Scatec Solar and a local company and is
pursuing a joint venture with Scatec ona 117 MW solar project in Argentina (Kenning 2018, Scatec Solar 2018).
Equinor is also exploring developing offshore wind with Brazils Petrobras (Valle 2018). In 2017, the company
provided around 830 GWh of electricity from renewable sources, including serving 630 000 households in the
UK (Equinor 2017c¢). Exxon does not presently own any renewable generation assets but signed a power purchase
agreement with Orsted to use 500 MW of wind and solar in its operations in the Permian Basin (Parnell 2018).
Shell owns stakes in about 740 MW of onshore wind power in the U.S. and owns a 50 percent stake in the 100 MW
Noordzeewind offshore wind farm in the Netherlands (Royal Dutch Shell 2018e). Shell also owns a 20 percent
stake in the consortium that is developing another 731.5 MW offshore wind project in the Netherlands (Weston
2018). As recently as September 2018, Shell was considering buying wind projects from Brazils Electrobras (Valle
2018). Total owns interest in 1.9 GW of renewable energy through its subsidiaries, and has set a goal of owning
5 GW by 2022 (Total 2017a, 2018c). Total develops solar projects through its subsidiary Total Solar, which owns
300 MW of solar generation capacity (Total 2018a), and its affiliate Total Eren, which has 1 GW of renewable
energy installed or under construction and aims to own over 3 GW within five years (Total 2018d, 2018c¢). Sun-
Power has also developed, owned, and operated solar projects, but the company exited utility-scale development
and sold most of its assets to Clearway Energy Group in September 2018 (Roselund 2018). Total is partnering
with Brazil’s Petrobras to develop wind and solar projects and has separately pledged to develop 165 MW of solar
in the country (Valle 2018). In 2017, Total also partnered with the GoodPlanet Foundation to build 8400 new
biodigesters in India to produce biogas for 45 000 residents and offset the emissions from Total employees’ plane
travel (Total 2018c¢).

BP funds research into low-carbon technologies at Princeton, Harvard, and Tufts (BP 2018a). Exxon funds
what it identifies as breakthrough energy research at Massachusetts Institute of Technology, Princeton, the Uni-
versity of Texas, and Stanford (ExxonMobil 2018d). Many of the IOCs conduct R&D internally, and Eni runs a
Renewable Energy and Environmental R&D Center in Italy, which is investing in solar photovoltaic and CSP
technologies (Eni 2018d).

While IOCs have long made investments in ‘new energies’ such as biofuels and wind energy, the emergence
of new business areas within these companies is a new trend. This reflects a greater degree of institutionalization
of these companies’ interest in navigating the energy transition than before. Shell, for example, has been invest-
ing in wind power for 15 years, but did not set up a formal New Energies business unit until 2016 (Royal Dutch
Shell 2018a). Similarly, Total says it has been investing in renewable energy for 30 years, but its Gas, Power, and
Renewables division was just established in 2016 (Total 2016). Companies have traditionally been cautious about
moving beyond their core oil and gas business, but they appear to be beginning to more heavily invest in renewa-
bles; whether the growth continues remains to be seen. In terms of generation assets, Equinor stands out with
its 6.4 GW of offshore wind projects. In terms of acquisitions, Total stands out for how many acquisitions it has
made in renewable energy, but especially for its ownership of SunPower.

3.1.3. Low-carbon transportation

Given the importance of oil in transportation, low-carbon transportation is a sensible area into which IOCs
looking to green their portfolios can direct their investments. The IOCs low-carbon transportation investments
go to alternative fuels and electric vehicle infrastructure.

BP haslong-standing investments in biofuel development, partnering with Copersucar in Brazil and DuPont
in the United States (BP 2018a). The company also acquired Clean Energy Fuels Corporations upstream busi-
ness, which produces biomethane for natural gas vehicle fueling (Clean Energy Fuels Corporation 2017). Eni
is converting some of its oil refineries to biofuel refineries and is directing R&D at its Renewable Energy and
Environmental R&D Center to biofuels (Eni 2018d). The company also plans to install new natural gas fueling
infrastructure in Italy over the next four years (Eni 2018b). Exxon is conducting biofuels research with multiple
partners, including companies such as Synthetic Genomics and Renewable Energy Group and universities like
Colorado School of Mines, Michigan State University, and University of Wisconsin (ExxonMobil 2017). Shell
began a joint venture with Cosan in 2010 to develop Raizen, which produces ethanol from sugarcane and man-
ages the distribution and sale of its fuel across Brazil (Raizen 2018). Shell has also partnered with SBI Bioenergy
to commercialize its biofuels made from waste oils, greases, and vegetable oils (Royal Dutch Shell 2017¢) and is
working to commercialize a waste-to-fuel technology in India (Royal Dutch Shell 2018f). Total has formed a joint
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venture with Amyris and is participating in the BioTFueL project to develop biofuels for blending in diesel and
aviation fuels (Total 2019). Total also operates 450 natural gas fueling stations in Asia, Africa, and Europe, and
has acquired PitPoint, which has added 100 more (Total 2017a). The company is also converting its La Mede oil
refinery in France to produce biofuels derived from used oil or vegetable oil. Total’s aviation biofuels have been
used by Air France, Cathay Pacific,and Air China (Total 2018c).

The IOCs are also investing heavily in electric vehicle (EV) charging infrastructure. BP has partnered with
FreeWire, which develops mobile EV charging stations (BP 2018d), and StoreDot, which develops EV batteries
(BP 2018e). The company has also acquired UK EV charging infrastructure company Chargemaster (BP 2018f)
and is partnering with Chinese private equity fund NIO Capital to explore opportunities in advanced mobil-
ity in China and internationally (BP 2018b). Equinor has invested in ChargePoint, which owns over 28 000 EV
charging stations in the U.S (ChargePoint 2016). Shell has acquired NewMotion, which operates 30 000 private
charging stations and provides access to 50 000 public charging stations across Europe (Royal Dutch Shell 2018f),
and invested in Ample, which promises ultra-fast EV charging using autonomous robotics and smart-battery
technology (Ample 2018). The company has also contracted with Allego and with IONITY to install chargers at
Shell stations in Europe (Lambert 2017, Royal Dutch Shell 2018f). Total is using its power distribution business
to install 1000 EV charging stations across western Europe (Total 2017a); has acquired G2mobility, which adds
almost 10000 charge points to its network (Total 2018b); and is a founding member of the Michelin Movin’On
Lab, a think tank seeking to develop short-term sustainable transportation solutions (Total 2018c). Totals acqui-
sition of PitPoint also adds EV charging stations to its portfolio.

In the past, companies tended to invest in either biofuels or EVs, mostly choosing the former because the lat-
ter still had not achieved cost reductions necessary to scale. Now, companies are increasingly investing in both,
primarily choosing to focus on early-stage research and development of biofuels and largely avoiding the pro-
duction of EVs (with the exception of BP), instead directing investments to the enabling infrastructure that can
help speed their deployment. Shell, which already has a significant network of gas stations around the world, is
beginning to add chargers to its existing stations in addition to acquiring a separate network of standalone charg-
ers, while the others focus on the latter strategy.

3.1.4. Carbon capture and storage

In a carbon-intensive industry, carbon capture and storage (CCS) poses an investment opportunity for IOCs
that can help meet the worlds GHG emission reduction goals while allowing hydrocarbon production and use to
continue.

IOCs are invested in both efforts to promote CCS and demonstration projects to prove its utility and effec-
tiveness. As of September 2018, all seven IOCs are members of OGCI, whose investments include CCS technol-
ogy (Oil and Gas Climate Initiative 2015,2018c). BP and Chevron are members of the Energy Advance Center,
an industry association to promote CCS (Geman 2018). Chevrons Gorgon Project in Australia is expected to
store 4 million tons of CO, per year (Chevron 2017) and the Quest CCS project in Canada, a Shell project in
which Chevron is a partner, has reportedly captured 3 million tons of CO, from 2015 to 2018 (Royal Dutch Shell
2018Db). Equinor, Shell, and Total are all partners in Norways Technology Centre Mongstad, which can store
100000 tons of CO, per year (Total 2017a),and the Northern Lights project, which is expected to store 1.5 million
tons of CO; per year (Total 2018c). Equinor also maintains the Sleipner and and Snghvit CO, storage projects in
Norway (Exxon and Total are partners at Sleipner and Total is a partner at Snghvit) (Equinor 2017c), and stored
3 million tons at the In Salah gas field in Algeria from 2004 to 2011 (Equinor 2018b). Equinor reported capturing
and storing 1.36 million tons of CO, in 2017 and 22.3 million tons cumulatively. Exxon has partnered with Fuel-
Cell Energy to test carbon capture using fuel cells at an Alabama power plant (ExxonMobil 2016). Exxon is also
working with the Energy Research Centre of the Netherlands and University of California-Berkeley to develop
CCS technologies (ExxonMobil 2018a). Shell, in addition to partnering with Chevron, Equinor, and Total, has
developed CCS technology that is in use at a SaskPower coal-fired power station in Canada (Royal Dutch Shell
2018d). Total is also partnering with Stanford University on simulated carbon storage and with Chinese and
European partners on using captured CO, as a power and heat source (Total 2018c).

All seven IOCs are invested in developing CCS technology, which is a sensible business decision considering
its utilization would allow them to continue producing and selling hydrocarbons, and thus would be the least
disruptive to their core businesses. IOC efforts on CCS frequently involve partnerships, often among oil and gas
companies, which is not common in the other strategies covered in this study. This may simply be because pooled
resources can scale up and speed up research efforts. It may also be because CCS is a technology that can mat-
erially benefit all carbon-intensive companies, rather than benefiting individual companies over others, so there
is incentive to collaborate rather than compete.
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3.1.5. Hydrogen

Hydrogen can serve as a cleaner substitute for natural gas in heating or in a fuel cell to power electric vehicles
or to store electricity like a battery. When hydrogen is burned, it produces only electricity, heat, and water
(U.S. Department of Energy 2017). The use of hydrogen is an important part of the energy transition, and the
Hydrogen Council estimates that it could provide around one fifth of total final energy consumption by 2050
(Hydrogen Council 2017), leading to a reduction of approximately 200 million tons of CO, emissions (Adolf
etal 2017). To date, hydrogen has not captured a significant portion of IOC attention as a low-carbon fuel, likely
because there are currently few markets for it. However, IOCs have begun making investments in developing
these potential markets, particularly in power generation and fuel cell vehicle infrastructure.

Equinor has partnered with Vattenfall and Gasunie to study the feasibility of converting a natural gas-fired
power plant into a hydrogen-powered plant and integrating CCS technology (Equinor 2017b). This project
could reduce CO, emissions by four million tons per year. Equinor, Shell, and Total are members of the Hydrogen
Council, which seeks to create markets for hydrogen solutions across sectors (Hydrogen Council 2018). Shell
is part of a joint venture with partners such as Daimler and Total called H2 Mobility to install hydrogen vehicle
fueling infrastructure in Germany, with ITM Power to do the same in the UK, and with Honda and Toyota to do
so in California (Royal Dutch Shell 2018f, Total 2018c). Shell and ITM Power are also partnering to build a 10
MW hydrogen electrolysis plant in Germany (ITM Power 2018). Totals acquisition of PitPoint gives the company
access to a developing network of hydrogen fueling stations (PitPoint 2017, Total 2017a).

Many of the IOCs are exploring investments in hydrogen, mostly for use as an alternative transport fuel.
Hydrogen is perhaps the technology in which IOCs have initiated the least number of projects, although that
does not necessarily mean it sees the smallest amount of investment or interest. IOC partnerships with power
and transportation sector companies suggest an acknowledgment that developing hydrogen as a climate solution
would create new opportunities in all of their respective business areas.

3.2. I0Cinvestments

BP plans to invest approximately $500 million per year in low-carbon activities, including operating its current
renewables businesses, acquiring new companies, and investing in ventures and start-ups (BP 2018a). BPs total
capital expenditures in 2017 were $17.8 billion (BP 2018c). BPs investments include $200 million in Lightsource
aswell as $5 million in FreeWire and $20 million in StoreDot through BP Ventures (BP 2018a).

Chevron has invested $75 million in CCS since 2008 (Chevron 2018c). At the Tengizchevroil project in
Kazakhstan, in which Chevron has a 50 percent interest, a $258 million gas utilization project helped contribute
to an 85 percent reduction in flaring from 2000 to 2017. In 2018, Chevron Technology Ventures launched a $100
million Future Energy Fund to invest in technologies to lower GHG emissions (Chevron 2018b).

Eni invested over 72 million ($84.64 million in 2018 dollars) on lowering GHG emissions in 2017, a plural-
ity of which (35 percent) was spent on renewables (Eni 2018b). The company expects to spend 1 billion ($1.14
billion in 2018 dollars) on green energy from 2018-2021, including 280 million ($329 million) on R&D (Eni
2018c¢).

Equinor has set a target of devoting 25 percent of its R&D funding to go to new energies (wind, solar, hydro-
gen,and CCS) by 2025 (Equinor 2017¢).In 2017, R&D funding to new energies reached 18 percent. Equinor also
expects its spending on new energies to reach 15-20 percent of total capital expenditures in 2030. Total capital
expenditures in 2017 were $10.8 billion (Equinor 2017a). Equinor Energy Ventures, established in 2016, is a $200
million fund that invests in renewable energy companies (Equinor 2016b).

Exxon has invested $250 million in biofuels R&D in the past decade (ExxonMobil 2018d). The company’s
research partnerships with Massachusetts Institute of Technology, Princeton, the University of Texas, and Stan-
ford total $145 million. Since 2000, Exxon has invested $4 billion on upstream efficiency projects and flaring
reductions, $2 billion to reduce emissions at refining and chemical facilities, and $2 billion on cogeneration at
upstream and downstream facilities (ExxonMobil 2018a).

Shell has pledged $1-2 billion per year on biofuels, EVs, and wind from 2018 to 2020, out of a total expected
capital investment of $25-30 billion per year (Royal Dutch Shell 2017a).

Total expects 10 percent of its R&D to be devoted to CCS in the future (Total 2017a). Spending on R&D
in 2017 was $912 million (Total 2018a). Total aims to invest about 20 percent of its $130 billion in assets in its
low-carbon businesses (renewable energy and fuels, energy efficiency, storage, and midstream and downstream
natural gas) by 2035 (Stothard 2016, Total 2017a). The companys operational emission reduction investments
have included $300 million to install solar at industrial sites and over 30 percent of service stations (Total 2017a).

OGCI, in which all seven IOCs are members, is designed to invest in low-emissions technologies through its
Climate Investments Fund in low-carbon technology over 10 years (Oil and Gas Climate Initiative 2018a). Each
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member company is expected to contribute $100 million to the OGCI Climate Investments Fund over 10 years,
so the current membership of 13 can be expected to contribute $1.3 billion to the fund.

IOCs are looking to manage the energy transition, but they are proceeding cautiously, and their investments
still make up a small part of their portfolios. Shell stands out among its peers for its pledge of $1-2 billion per year
on renewables, although that only accounts for 3—8 percent of its total capital expenditures. Equinor stands out
for its target of 15-20 percent of capex spending on new energies in 2030.

4. Therole of NOCsin the energy transition

NOCs and their home countries expect to face business risk in the future due to GHG emissions from fossil fuels
and the potential damages from climate change. To mitigate these risks, they are trying to harness all possible
efforts to keep up with the global energy transition, not only to maintain the sustainability of their businesses,
but also for the future of their home economies. The role of NOCs in lowering carbon emissions, however, is
mainly policy-driven and is enforced by their governments. It could stem from their Nationally Determined
Contributions towards climate change mitigation, their stakeholders’ concerns regarding climate change, and/
or national energy security. Regardless of the reason for their action, NOCs can play a critical role in the global
energy transition.

In this article, we outline the role of NOCs such as Abu Dhabi National Oil Company (ADNOC), China
National Offshore Oil Corporation (CNOOC), China National Petroleum Corporation (CNPC), Equinor (Nor-
way), Gazprom (Russia), Kuwait Petroleum Corporation (KPC), National Iranian Oil Company (NIOC), Petro-
leum Development Oman (PDO), Mexican Petroleum (Pemex), Petronas (Malaysia), Qatar Petroleum (QP),
Rosneft (Russia), and Saudi Arabian Oil Company (Saudi Aramco). We did not include NOCs such as Sonatrach,
SINOPEC, Pertamina, PDV, NNPC, Libya NOC, Ecopetrol, EGPC, Kazmunaigas, and Turkmengas due to data
paucity.

This section’s layout is as follows. in section 4.1, we discuss some structural features associated with the gov-
ernance of NOCs. In section 4.2, we focus on the technologies the NOCs are backing, and in section 4.3, we look
at the scale of investments.

4.1. NOCs’ relationships to their owner governments

The flexibility and attitude of NOCs towards the energy transition depends substantially on various factors such
as the non-oil burdens on NOCs and their governance structures. NOCs that are funding fuel subsidies, social
programs, and/or paying high taxes usually experience a high burden (Victor et al 2012) and we expect that they
have less ability to be involved in lowering GHG emissions. Governance structures can range from a unified
authority to a fragmented authority. The former refers to the NOCs that have a specific line of authority such
as national leaders or energy ministers, while the latter refers to the NOCs that have multiple lines of authority,
and these lines might compete with each other over oil policy due to having different interests (Victor et al 2012).
NOC:s such as Equinor, Petrobras, ADNOC, Petronas, Saudi Aramco, Gazprom, and PDVSA are examples of a
unified authority where they operate in a monitoring-heavy system and they have vast decision-making power
(Victor et al 2012). On the contrary, NOCs such as Pemex, KPC, and NIOC have fragmented authority within a
procedure-heavy system (Victor eral 2012).

In addition, institutional features of home countries such as political stability, regulatory quality, and the
rule of law influence the ability and effectiveness of NOCs to adapt to the energy transition in their countries.
Employing Worldwide Governance Indicators issued by the World Bank, figure 3 shows the average percentile
ranking of each NOC’s home country for regulatory quality and the rule of law from 1996 to 2014. Based on
these criteria, these countries can be classified in different categories of government quality and the ordering is
roughly similar along most of the governance indicators.

Although country ratings on these indicators do not fully elucidate the level of NOCs’ strategies in navigat-
ing the energy transition, there appears to be a relationship between countries’ scores on these indicators and
how engaged their NOCs are in navigating the energy transition. NOCs whose home countries have a very low
percentile rank of governance are less engaged in the energy transition process, while those in higher percentile
ranks tend to do more. These factors can explain why Equinor, which is majority state-owned, behaves similarly
to IOCs and is actively committed to the energy transition. In this study, we discuss Equinor’s strategy with the
IOCs, butitis an example of a hybrid governance structure where the company has some non-government own-
ership while employing various strategies to move towards a low-carbon economy.

4.2. NOCstrategies and plans

Similar to the strategies of IOCs, the strategies of NOCs addressed in this section include reducing energy
consumption or emissions in oil production processes and facilities, using renewable energies, investing in
alternative fuel vehicles, and investing in new technologies such as CCS and hydrogen.
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Figure 3. Governance indicators (data source: World Bank).

4.2.1. Energy conservation and emission reductions

Almost all oil companies include energy efficiency improvements and emission reductions, including gas flaring
reductions, in their strategies to lower their emissions. We summarize some of the energy conservation activities
in this section.

CNOOC has being lowering its emissions by employing various low-carbon management regulations and
projects such as upgrading to energy-efficient lighting in its office buildings in 2016, upgrading the quality of
its oil products, implementing pollutant emission standards and establishing a carbon inventory in 35 key con-
trolled discharging subsidiaries, and undertaking research projects such as the ‘Carbon Emissions Effects Analy-
sis of Newly Developed Domestic Offshore Oil and Gas Fields’ in the 13th Five-Year Plan period (CNOOC 2016,
2017¢, CNOOC 2018). In addition, CNOOC’s natural gas recovery project in the south Bohai Sea is capable of
recovering 60 million cubic meters of natural gas and reducing GHG emissions by 140 000 tons of CO,-equiv-
alent (CNOOC 2017b). The other Chinese national oil company, CNPC, has undertaken efforts such as imple-
menting 58 projects to reduce emissions in 2016, developing a low-carbon roadmap, and specifying low-carbon
development goals such as reducing at least 1 million tons of CO, emissions per year as of 2017 (CNPC 2018b,
2018¢,2017).

With the goal of reducing emissions to 75% of its 1990 emissions level, Gazprom has implemented programs
such asan independent audit review carried out by KPMG; Gazprom PJSCs energy savings and energy efficiency
program; methane leak monitoring, assessment, and documentation; Gazproms Energy Saving and Energy Effi-
ciency Program (saving at least 28.2 million tons of fuel-equivalent from 2011 to 2020); and a plan to reduce its
own gas consumption by atleast 11.4 percent and GHG emissions by at least 48.6 million tons of CO,-equivalent
(Gazprom 2016,2017b,2018a,2018c¢).

Saudi Aramco has a plan of 2% annual reductions in energy intensity in industrial facilities by employing
plans such as designing new energy efficient facilities, increasing overall energy efficiency, and employing car-
bon management technologies (Ramady 2018, Saudi Aramco 2018). The company’s Peak Summer Production
Program reduced the use of liquids in power generation, which resulted in savings of around 11.5 million barrels
of crude oil in 2017 and reduced emissions (Saudi Aramco 2017). Rosneft also plans to reduce GHG emissions
by one quartile in 2022 compared to 2017, and is implementing programs such as its Gas Investment Program,
Energy Efficiency Program, and refinery modernization (Rosneft 2017a,2017b).

NIOC is implementing the Carbon Management Plan to reduce gas emissions (NIOC 2018), and KPC plans
to limit hydrogen sulfide emissions to a maximum of 2 parts-per-million in ship fuel production (KPC 2017).
PDO has a plan to reduce domestic power demand by 3% per year and has implemented projects such as an LED
lighting replacement project (PDO 2016). Petrobras is part of the Carbon Disclosure Project (since 2006), and it
also is the founder of Brazilian GHG Protocol program and administers emission inventory of the greenhouse
gases such as carbon dioxide, methane, and nitrous oxide. One of the company strategies towards lower carbon

emissions is employing technologies such as CO, capture and separation; the company has re-injected 7 million
metric tons of CO, that were separated from the gas produced in the Santos Basin pre-salt fields from 2008—2017
(Petrobras 2017b).

Pemex has the goal of 25% (15 million tons) CO,-equivalent emissions reductions by 2021 through improv-
ing energy efficiency, operational efficiency, flaring reduction, and increased gas use. It includes actions such as
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external cogeneration in the Salamanca refinery and the ‘Heat Recovery at the Terminal Maritima Dos Bocas’
project (Pemex 2016). In addition to commencing a halons phase-out program in 1997, ADNOC obtained ISO
50001 certification in energy management in 2015 to ensure energy efficiency improvement in their business and
operations (ADNOC 2015).

Various national oil companies have begun reducing gas flaring through employing technical and regulatory
instruments, including ADNOC (13% reduction in 2015), CNOOC (recovering and reusing 15 000 cubic meters
of natural gas of Hai Yang Shi You 113 FPSO per day) (CNOOC 2017b), CNPC (light hydrocarbon recovery
projects at Tarim, Xinjiang, and Tuha oilfields), Gazprom (APG utilization level of no less than 95%) (Gazprom
2017b), NIOC (gas recovery contract with a French company in 2017) (NIOC 2017), PDO (Zauliyah AP Educ-
tor Gas Recovery and a 38% reduction in 2016) (PDO 2017), Pemex (7 million Canadian dollars of investment)
(Pemex 2016), Petronas (Exploring economic solutions), Saudi Aramco (master gas system and Flaring Minimi-
zation Program, flaring intensity of less than 1% of gas production in 2017 (Saudi Aramco 2017)),and Sonatrach
(carrying out regulatory functions).

Of the NOCs, CNPC, Saudi Aramco, Pemex, and Petrobras are members of OGCI (OGCI 2018).

4.2.2. Renewable energy

Although NOCs are employing various strategies to navigate the energy transition, renewable energy and energy
efficiency are the main paths. More than 90% of the required reduction in energy-related CO, emissions can be
achieved through increased energy efficiency and renewable energy utilization (IRENA 2018). NOCs have begun
utilizing renewable energy in their facilities or, in some cases, providing renewable energy to other sectors. The
latter, however, is not the main focus of most of the NOCs. Their actions are mostly policy-driven, and renewable
energy production is mainly the purview of other companies in their countries. For example, ADNOC has not
developed renewable energy assets, letting the Abu Dhabi Future Energy Company, Masdar, play this role while
cooperating with ADNOC (Graves 2016). NOCs’ actions related to renewables are highlighted as follows.

Since 2010, CNOOC has started production of biodiesel with an annual capacity of 60 000 tonnes for use in
vehicles (CNOOC 2012). CNPC has also evaluated and begun using biomass (aviation biofuel), wind, solar, and
geothermal; this includes pilot tests for the use of geothermal energy in the Huabei Oilfield and projects for pho-
tovoltaic power generation, wind power generation, and the development and utilization of geothermal energy
in the Xinjiang and Liaohe oilfields (CNPC 2018a).

Gazprom operates 1959 power generation units, generating from both fossil fuels and renewable energy, for
auxiliary needs and to sell to third-party consumers in remote or off-grid areas where it is economically and
technically feasible (Gazprom 2018b).In 2017, the Gazprom Group generated 471 470 kWh of electricity from its
power plants (excluding hydro) (Gazprom 2017b). Gazprom’s renewable energy production includes but is not
limited to generating around 13 million MWh of electricity from hydroelectric power in 2016 through Gazprom
Energoholding LLC and generating more than 360000 kWh of electricity in 2016 by using other renewable
energy sources such as solar panels, wind turbines, turboexpanders, and thermoelectric generators (Gazprom
2016). Additionally, Gazprom is building a 102 MW wind power plant in cooperation with the Serbian company
Energowind NIS, and it also has plans to build a geothermal power plant in northern Serbia in partnership with
Singapore company Betec (Gazprom 2016).

KPChas also stepped into renewable energy and commenced several initiatives such as the Renewable Energy
Dashboard with the goal of producing at least 15% of Kuwait’s energy from renewable energy by 2030 (KPC
World and Bouresly 2016). It includes but is not limited to the following actions (KPC World and Bouresly 2016,
KPC2017,K-Pulse 2018a):

e Launching the largest solar project in Kuwait, named Sidra 500, with electricity capacity of 10 MW.

e Building and maintaining solar panels in the parking lots of the oil complex (in cooperation with the Kuwait
Institute for Scientific Research (KISR)).

e Usingsolar to light the 6.5 km road in the north of Kuwait.

e Producing electricity from solar and wind to light the head office building and for irrigation purposes (Waha
Al-Subaihiya project).

e Producing steam from CSP to use in injection operations at the South Ritqa field in the north of Kuwait.

e Building the Abdaliya Integrated Solar Combined Cycle project and establishing the first solar thermal power
plant in Kuwait by 2020.

e Operating two fuel stations in the Al-Zahra and Al-Riqqa areas powered by solar energy.

e Planning to build an integrated CSP plant to produce power and steam for enhanced energy recovery.

PDO’s utilization of renewables is mainly focused on solar energys; it involves projects such as a CSP plant with
electricity capacity of 1021 MW to use in EOR in 2017 (a joint venture between Shell, Total, Partex, and the
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Government of Oman) and the Mina Al Fahal solar parking project commissioned in early 2018 (PDO 2017,
Power Technology 2018).

NIOC has begun employing solar energy in some of its facilities, including installing four solar energy light-
ing systems in the southwest of Iran due to the availability of sunshine more than 300 d a year (Makvandi 2018).
Petronas has produced around 13 628 MWh of solar energy from existing solar PV investment projects in 2017
(Petronas 2017). Petrobras has been investing in renewable energies such as solar and wind. For instance, the
Alto Rodrigues Photovoltaic Unit is a pilot plant with installed capacity of 1.1 MW. In solar and wind energy seg-
ments, the company also has partnership with other oil companies such as CNPC (Comperj and Marlim cluster),
Equinor (offshore wind energy), and the Total group (solar and onshore wind) (Petrobras 2018).

Saudi Aramco is currently a member of the Carbon Sequestration Leadership Forum (CSLF) and OGCI. It
has launched investments in renewables projects and has plans to use renewable energy for remote facilities and
well sites; they include installing 9.5 GW of solar and wind capacity by 2023, 3.3 GW of solar PV power, and 800
MW of wind in 2018 (Bloomberg 2017, Dhahran 2018, Habboush 2018). The company currently owns a wind
power project, called the Turaif oil storage depot, with one turbine and a generation capacity of 2750 kW (Wind
Power 2018).

4.2.3. Low-carbon transportation
Oil companies expect a higher demand for clean vehicle fuels in the future, so they are investing in cleaner vehicle
fuels mainly in natural gas as well as electric vehicles, bio-fuels, and hydrogen.

Compressed natural gas (CNG) and liquefied petroleum gas (LPG) are alternative natural gas vehicle fuels
in which some NOC:s are investing. ADNOC’s strategy in this area is providing CNG conversion centers and
equipping all ADNOC stations with at least one CNG terminal by the end of 2018 (Ahmad 2017). CNOOC owns
a network of gas stations in 21 provinces serving natural gas-powered vehicles as well as 116 gas stations under
construction (CNOOC 2012). Gazprom is involved in expanding the natural gas vehicle market by producing
EcoGas fuel and developing gas filling infrastructure in Russia (Gazprom 2016). While Iran is among the top
CNG producers and consumers with four million natural gas vehicles and around 2300 CNG refueling stations
in 2017 (NGV Global 2017), natural gas projects are mainly carried out by the National Iranian Gas Company,
and NIOC s not directly involved.

Regarding EVs and biofuels, some NOCs have provided the required infrastructure, such as charging sta-
tions. For example, Petronas has a plan to build 25000 EV charging stations in the country by 2030 (Petronas
2017). According to ADNOC Distribution deputy CEO John Carey, ADNOC plans to provide EV fast chargers at
10 sites in two years (Al Rashdi 2018). It is also cooperating with a renewable energy company named Masdar as
well as Toyota, and it has set up two hydrogen stations at Dubai Festival City and Abu Dhabi to test Toyotas Mirai
(ahydrogen fuel cell EV) as a pilot project (Abdul Kader 2018).

CNOOC has been involved in the production of biodiesel for use in vehicles since 2010 with a production
capacity of 60000 tons per year (CNOOC 2012). Pemex has a contract with Ciprof Energies, a Mexican biofuel
producer, to buy 18-20 million liters of ethanol per year to replace an additive and produce less-polluting fuels
(MexicoNow 2018). Gazprom is also expanding its natural gas vehicle market by producing EcoGas fuel and
developing gas refueling infrastructure across Russia as well as running 60 CNG refueling stations in Europe in
2016 (Gazprom 2016).

Petrobras is actively engaged in biofuel energy generation and fully owns the Petrobras Biocombustvel sub-
sidiary; the company’s biodiesel plants had a production capacity of 1054 thousand m3 in 2018 (Petrobras 2018).

4.2.4. Carbon capture and storage

CCS is a climate change solution that could help NOCs stay in the market and produce oil with fewer emissions.
NOCs are mainly looking at capturing CO; to inject into oil reservoirs for EOR. ADNOC’s joint venture with
Masdar, known as Reyadabh, is the first commercial-scale carbon capture use and sequestration (CCUS) facility
in the Middle East. The company has stored approximately 240000 metric tons of CO; from Emirates Steel
Industries to use in EOR; it is aiming to expand its CO, utilization to around 250 million standard cubic feet per
day by 2027 by capturing additional CO, from its gas processing plants (Saadi 2018). KPC signed a contract in
2017 to study CCS and GHG emission reductions in the company (KPC2017).

CNOOC Shenzhen and the Global CCS Institute undertook a three-year desk study in 2014 to develop a
pilot capture, transport, and storage full-chain project (Global CCS Institute 2015b). CNPC also ran a pilot test
in its Jilin Oilfield employing CCS; they used the discharged CO, from oilfield production to flood oil, which
resulted in more oilfield recovery and sequestration of 940 000 tons of CO, (CNPC2018a,2018b). Saudi Aramco
has begun investing in CCS to reduce its carbon footprint. These investments include launching the first large-
scale CCS facility in the Middle East, known as Uthmaniyah CO,-EOR Demonstration Project, which captures
around 0.8 million tonnes of CO, per year from the Hayiwah natural gas liquids recovery plant to use in EOR
(Saini 2017).
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4.2.5. Hydrogen
There are applications for hydrogen in various sectors, but in this review, we did not find evidence that NOCs are
making considerable investments in it. We highlight a few examples that we found.

The major application of hydrogen is that it can be used as a low-carbon energy carrier. Hydrogen is currently
employed mainly as a feedstock for ammonia production, with a 35% share for oil refining (Hanley e al 2018).
The Fertil-2 Project, a joint venture between ADNOC and Total, is an example of using hydrogen in ammonia
and urea production (Chemicals Technology 2008). Saudi Aramco and Japan are also jointly examining the feasi-
bility of extracting hydrogen from crude oil and transporting it to Japan in the form of ammonia (Crolius 2018).
Gazprom’s Omsk Refinery has an annual capacity of 12 300 tons for hydrogen production (Gazprom 2016). The
Al-Shuaiba Refinery, owned by KPC, is the world’s first hydrogen refinery using hydrogen extracted from gas.
The Environment Department has implemented a system at the refinery to ensure compliance with interna-
tional environmental standards (Al-Azmi 2013).

Hydrogen production by oil companies mainly comes from fossil fuels, and therefore is associated with CO,
emissions. CCS is found to be one of the crucial strategies to reduce net carbon emissions from hydrogen (Coun-
ciletal2004). The link between ADNOC’s Taweelah CCS project (the joint venture with Masdar) and its hydro-
gen plantis an example of a hydrogen project with the low emissions.

In addition to hydrogen’s use in oil refining, it has the potential to be employed in hydrogen-based systems
in energy demand sectors (e.g. fuel cell electric vehicles in transport and fuel cell micro cogeneration in the resi-
dential sector) as well as energy supply sectors (e.g. variable renewable energy integration and energy storage
including power-to-fuel, power-to-power, and power-to-gas) (Korner et al 2015, Hanley et al 2018). ADNOC is
cooperating with Toyota to provide hydrogen stations for fuel cell vehicles in the United Arab Emirates. CNOOC
is also conducting research into hydrogen-powered systems and sea-based nuclear power plants to expand its
clean energy business.

4.3. NOCinvestments

In the previous subsection, we summarized various strategies and projects carried out by NOCs from a
technological standpoint. Depending on the availability of data, in this section, we focus on the size of investment
in and/or savings from some of these strategies.

ADNOC spent AED 698 million (around $190 million) in environmental expenditures by 2015 (ADNOC
2015). Compared to 19.8 billion AED (around $5.4 billion) in total revenue in 2017, its Fertil-2 Project (hydrogen
in ammonia and urea production) costs $1.2 billion, and the Al Reyadah CCS project costs AED 450 ($122.5)
million (Chemicals Technology 2008, ADNOC 2015,2017).

Out of total expenses of approximately 149.34 billion RMB ($21.81 billion) in 2017, CNOOC’s investment
in energy conservation and emissions reduction was 350 million RMB (around $51 million) in 2017 (CNOOC
2017a,2017c). The company spent $300 million in a joint venture with Spain’s solar company, Isofoton SA, in
2012 to invest in solar projects with a 51% stake (Reuters 2012). The efficient lighting project in CNOOC’s office
buildings resulted in more than 10 million RMB (around $1.5 million) of cost savings (CNOOC 2016).

Through its subsidiary Kunlun Financial Leasing, CNPC has given 200 million RMB (around $29 million)
to State Power Investment Corporation to buy eco-friendly generator sets for a waste-fired power plant project
(CNPC2017). The company’s total operating cost was around 2294.97 billion RMB in 2017 (CNPC 2017).

In 2017, the Gazprom’s operating expenses (excluding the asset impairment provision and other reserves)
were around 5714.1 billion RUB (Gazprom 2017a). The company’s capital investments for environmental pro-
tection in 2017 increased by 58% compared to 2016 and reached 70.82 billion RUB (Gazprom 2017b). Imple-
menting the energy efficiency program in the upstream sector in 2017 created energy savings worth 1500 mm
RUB. Gazprom investments include a $100 million investment in biodiesel by one of its subsidiaries in 2013 for
export to the European Union (Sapp 2013).

KPC’s consolidated expenses were around 18.91 billion KD (around $62.43 billion) in 2017 (KPC 2017),and
the contract between KPC’s subsidiary and Hyundai Heavy Industries of South Korea in 2018 for building three
giant LPG tankers is valued at $213.36 million (K-Pulse 2018b).

NIOC made a 42 million gas recovery contract with the French company Sofregaz in 2017 to reduce gas flar-
ing (NIOC 2017). In addition, NIOC is among the Iranian organizations that have supported replacing gasoline
with CNG as a vehicle fuel; it resulted in saving more than $37 billion over 12 years (Hashemian 2017). Pemex has
invested $3600 million to meet the goal of 98% gas use from Pemex (2016).

As amember of OGCI, Petrobras is committed to investing one billion USD in low carbon technologies over
a period of 10 years (Petrobras 2017a). In 2017, the company invested BRL 52.4 million in research and devel-
opment in the areas of Carbon Capture Utilization and Storage, renewables (wind, solar, biomass) and climate
change from which BRL 16.5 million is dedicated to 1st generation biofuels as well as advanced biofuels (Petro-
bras2017b).
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Saudi Aramco has invested $5 billion to produce 10 GW of power from renewable energy by 2023 (Bloomb-
erg 2017) while its net income only in the first half of 2017 was $33.8 billion (Blas 2018). Saudi Aramco and
Novatek’s energy memorandum in 2018 to cooperate in the Arctic LNG-2 plant has a value of $20 billion (Mahdi
and Mazneva 2018). In addition, Saudi Aramco has invested in startup businesses, including a $30 million invest-
ment in Silurias oxidative coupling of methane technology (Lane 2014).

To sum up, there is enormous potential for NOCs to contribute to the energy transition, and some of the
NOCs have shown a commitment to do so. However, there might be some barriers that limit the size of efforts in
this area, particularly in the short-term, such as technology access, financial issues, governance structures, and
political conflicts.

5. Conclusion

This study focuses on transformation and transition in the industry, in particular transformation related
to decreasing greenhouse gas (GHG) emissions, energy efficiency, investments in new technologies, and new
business models. We analyze IOCs and NOCs separately because their governance structures can differ in
fundamental ways.IOCs are private companies governed by executives and boards of directors who are ultimately
accountable to shareholders, and they must respond to market forces and shareholder intent. Decisions are also
constrained by the countries in which they are operating both in terms of obeying country policies and in terms of
regulations governing operational practices such as gas flaring or wastewater disposal. IOCs also seek to maintain
their social license to operate granted through the trust of countries and stakeholders that their activities are
socially acceptable. Notwithstanding, we have not provided a full treatment of driving forces in this paper.

Beside technological feasibility, cost and economic viability are the key factors in adopting a clean technology,
and regulatory design plays a fundamental role in making the technology viable. Regulation can reduce the cost
of a clean technology by providing subsidies or increasing the opportunity cost of alternative fossil fuel utiliza-
tion by implementing carbon taxes to make the technology viable. In general, regulation is more important to
NOCs, whose management (i.e. government) has the authority to make policy.

Furthermore,among IOCs and NOCs, cooperation is becoming more attractive than competition as sustain-
ability gains priority. They can cooperate on the risk management, technology access, or financial investment;
this collaboration could even accelerate the energy transition and improve their contribution to mitigating cli-
mate change.

One significant distinction that arises when comparing IOCs and NOCs is in the direct ownership of renew-
able energy assets. IOCs have begun investing in renewable energy generation, especially wind and solar, to diver-
sify their portfolios. NOCs, meanwhile, tend to leave the renewable energy ownership to their electricity sector
counterparts in their countries. ADNOC coordinating with Masdar serves as a useful example of this trend.

In addition to company-level strategies, global and national actions influence the pace of oil majors’ actions.
For instance, one of the main motivations for oil majors to think about the energy transition is the possibility
of carbon pricing. Higher carbon prices increase the opportunity costs of fossil fuel production and, therefore,
make investment in low-carbon technologies more attractive and economically viable. When one looks at Equi-
nor’s investments in CCS, where it is one of the more aggressive actors among the oil majors, it is important to
think about how its strategy would look if it did not have any government ownership and how much of its invest-
mentis because the Norwegian government is providing funding or other credible routes to investment recovery.

This study does not represent a look at oil and gas companies’ climate-related investments. Further work
might benefit from organizing the activities systematically. One of the organizing principles might be the level
of difficulty. Another organizing principle might be whether the efforts are within the core competency of the
organization or outside their core competency. Many traditional oil and gas companies are now, once again,
thinking about becoming electricity companies. For the most part, they do not have significant institutional
knowledge in the electric power industry. A notable exception is Equinor, which emphasizes how it has translated
experience in building offshore oil exploration infrastructure into building offshore wind farms. Some compa-
nies, notably Total, have made up for their lack of experience in electricity by acquiring companies already in the
electricity market. CCS investments, which many, if not all, of the oil companies in this study are making, are very
much within their core sets of competencies. From an organizational theory point of view, these distinctions are
likely to be important.

Further research may consider more discussion about the internal incentives for firms to take risks and deploy
capital around those risks. This is one of the standard reasons why we think private firms behave differently from
state-owned firms, but there is a debate in the literature as to whether this leads to more or fewer risk-taking activ-
ities. Private firms, on the one hand, tend to be more efficient and thus can place better bets. State-owned firms,
however, often operate with soft budget constraints and a reliable mechanism for capital recovery that might
make it feasible for some of them to take higher risks in some settings. China provides an illustrative example of
this high-risk activity with guaranteed returns.
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