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International Oil Companies (IOCs) represent a significant source of capital and expertise that could be deployed
to contribute to the investment required to achieve the energy transition to a low carbon future. This paper sheds
light on the current motivations for mergers and acquisitions (M&A) by the various energy sectors and focusses
on policies and commercial contexts that would favour IOCs incorporating renewables into their core business.
An empirical analysis of a twenty-year history of M&A in the energy sector, covering over 10,000 transactions, is
complemented by an economic model that differentiates between investment for innovation and investment for
scale and transaction benefit. The analysis confirms that in the case of renewables, IOCs are currently at the
exploratory stage of business development and appear to be valuing innovation based on renewables on subset of
their business. The analysis concludes that IOCs favour core investment in functioning competitive energy
markets rather than in rate-of-return regulated assets, and that for IOCs in particular policies and market rules
directed towards that end would favour both near- and long-term investment by them into low carbon energy.

1. Introduction

In its latest World Energy Transitions Outlook report, IRENA (Fer-
roukhi et al., 2022) emphasises the challenge presented by the extent of
capital investment required to achieve a 1.5 °C pathway. The report
suggests that energy investment this decade needs to more than double
from the current $1.9 trillion per year to $5.7 trillion per year. Of this,
$2 trillion per year would need to be invested in energy supply, of which
half needs to be directed to renewable energy production. The impor-
tance of motivating private sector investment and expertise to achieve
investments of this scale is clear.

In this context, as the IEA (2020) makes clear in their review, the oil
and gas industry represents a deep pool of investment and project man-
agement expertise. The International Oil Companies (IOCs) in particular
have an annual capital spend that amounts to circa $0.5 trillion. However,
the IEA and others (Zhong and Bazilian, 2018) report that clean energy
investment by IOCs amounts to only 5% of their total investment. This is
matched by this study’s examination of data on mergers and acquisitions
(M&A) which finds that since 2000, the energy industry, broadly defined,
spent over five trillion dollars on M&A and of this some $250 billion were
directed to transactions involving renewable generation assets (Standard
& Poor’s Capital 1Q, 2020). The transactions of IOCs, however, made up
18% of total industry M&A but only represented 2%, or $5 billion, of the
industry M&A focussed on renewables.
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This simple observation raises a number of questions that are
addressed in this paper: whether the pattern of spend by IOCs is atypical
for the energy sector as a whole; whether the energy sectors, and IOCs in
particular, are treating renewables acquisitions as a source of innovation
or as a core business; what conditions may favour the incorporation of
renewables into the core business of the IOCs; and finally what the im-
plications are for policy formation.

This paper addresses these questions through the lens of M&A ac-
tivity in the energy sector. The underlying methodology builds on the
studies of heterogeneous ex-ante drivers for completed deals (Rhode-
s-Kropf and Robinson, 2008; Hall, 1988; Lin et al., 2020) and a metric for
firm differences derived from corporate data and based on a structural
understanding of what constitutes the core characteristics of I0Cs
(Helm, 2017; Beyazay-Odemis, 2016). From this start point, it is
hypothesised that the size distribution of acquisitions should vary ac-
cording to the extent of structural difference between buyer and asset
being acquired, that core assets should share key structural similarities
to the buyer and vice versa, and that these heterogeneous preferences
should be reflected in the historical data and should therefore provide
insight into the firms’ strategic drivers.

To this end, the empirical analysis that follows uses twenty years of
M&A data for the energy sector, covering over 10,000 transactions, and
demonstrates that a constructed endogenous distance, or difference,
metric successfully discriminates between energy sectors. It supports the
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core hypothesis that buyer size is inversely related to such distance, after
allowing for confounding variables, on the basis that an asset purchased
as a catalyst for innovation need not have size, whereas integration
benefit is driven by the relative sizes of both buyer and asset purchased.
This provides the basis for categorizing target sectors as either core, with
value based on integration, and non-core with value based on
innovation.

The basis for the empirical analysis is supported by a novel theo-
retical economic model of the M&A market based on seller-led ex-ante
valuation of buyers which can be matched to the empirical analysis; this
then allows for sensitivity analysis.

The combination of empirical analysis and economic modelling
allow conclusions to be drawn to the research questions. The study
concludes that IOCs are acquiring renewable assets as a source of
innovation, rather than as a core business. It also demonstrates that their
level of investment through M&A is consistent with the energy sector as
a whole, given the opportunities for purchasing renewable assets, if it is
assumed that such innovation only impacts a minority of the corpora-
tions’ businesses. From a policy standpoint, the study concludes that
regulation that encourages market mechanisms and long-term exposure
to market prices will make it more likely that IOCs will be successful in
incorporating low carbon energy production into their core business in
the longer term.

This paper adds to the literature on energy policy by establishing a
novel, quantitatively based, approach to the study of the policy and
market context for the investment preferences of energy sectors, IOCs in
particular, through their participation in the market for M&A. The study
also adds to the literature on M&A in three further respects, namely by
demonstrating the use and relevance of a continuum of value drivers in
the study of M&A, using the method as basis for categorizing sectors as
core and non-core, and by establishing what is believed to be a novel
model of competition in the M&A market that combines seller-led choice
of buyer and ex-ante valuation.

The paper is structured as follows. In section 2 that follows, a review
of the literature on IOCs and on choice in M&A establishes the basis for
the methodology adopted for this paper. Section 3 details the data and
statistical analysis with the supporting micro-economic model detailed
in Appendix A. Section 4 follows with conclusions and policy
implications.

2. Review and methodology

The literature review builds the basis for the methodology adopted
for this study. First, the need to differentiate between acquisition for
integration and for innovation is established. To define what might
constitute a core business is defined through the literature on the key
differentiating characteristics of I0Cs today. Then, to translate these
insights into the basis for an empirical and economic analysis, the
literature on the use of M&A data to illuminate the drivers for buyer and
seller choice is reviewed with a particular emphasis on the incorporation
of heterogeneous drivers of value. The consequent methodology used in
this study is then summarised.

2.1. The strategic motivations of IOCs

As reviewed by Andriuskevicius and Streimikiené (2021), the last
two decades has seen energy companies turn from M&A investment
focussed on their core business to one focussed on renewables and low
carbon assets. However, as noted, IOCs have exhibited a low relative
investment in renewables by IOCs compared to other energy sectors and
studies suggest that the oil and gas firms, and IOCs in particular are
unable, or unwilling, to dedicate resources today to enabling the energy
transition technologies (Pickl, 2019; Zhong and Bazilian, 2018). This is
supported by an extensive literature examining the role the oil industry
has played in seeking to defend its core business through hegemoniza-
tion (Ferns and Amaeshi, 2021); supporting climate change sceptic think
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tanks (Hansen, 2015); framing (Supran and Oreskes, 2021; Schlichting,
2013) and mythmaking (Ferns et al., 2019; Livesey, 2002) with the
intended effect of shifting the basis for debate away from issues that
would cause difficulties for the industry.

Other studies examine the firm level structural barriers to the suc-
cessful adaptation of oil and gas companies to decarbonization. Four key
arguments are made. First, that the new business practices required are
so different and that the oil companies are too large, too fixed in their
core business to be able to change direction, in part because those that
are most senior are life-time oil industry leaders and know no other
industry and sets of relationships (Helm, 2017). Second, that historical
attempts to adapt new strategies have failed, as have companies seeking
to transition in other business sectors in the past (Fouquet and Pearson,
2012). This past experience is informing the particular case of the oil
companies. Third, that the industry’s history of lobbying in favour of
climate change scepticism is so embedded in the firms’ narrative that
their identity is fixed to a hydrocarbon-based future (Szverud and
Skjeerseth, 2007). And fourth, that their position on the question of
climate change cannot be trusted and that the evidence is that com-
panies’ strategies are likely, in the long term, to be counter-productive
and economically costly (Wright and Nyberg, 2017) as the IOCs ach-
ieve path lock-in to outcomes which suit their (shareholders’) interests,
and not those of decarbonization (Lamb et al., 2020).

An alternative perspective is provided by Niemczyk et al. (2022)
which identifies that the motivation for investment in renewables M&A
by energy companies has evolved from one of defence against a
disruptive emergence of new entrants, a perspective that broadly
consistent with the studies referred to above, to one where such in-
vestment is now seen as the first steps towards establishing new business
models with the potential for long term value creation (Strobl et al.,
2022). Pickl (2019), Kim and Lyon (2015) and Andriuskevicius and
Streimikiené (2021) confirm this picture, with the important nuance
that the oil majors are not uniform in their strategic response, and that
there are leaders and laggards. This picture is also confirmed by Sho-
jaeddini et al. (2019) study of capital investment and focus of research.
The implication of these studies is that an economic analysis of data on
the relative spend by oil and gas companies on renewables assets should
therefore today be expected to treat the value driver being that of
innovation.

This insight is the starting point of this study. Building on the
observation that the drivers for M&A are many and various (Niemczyk
et al., 2022; Larsson and Finkelstein, 1999) the hypothesis addressed
here is that the pattern of M&A transactions and in particular the rela-
tionship between buyer and asset size should reflect the distinction be-
tween acquisitions made for the purposes of innovation (Strobl et al.,
2022; Celik et al., 2013; Cefis and Marsili, 2015). and acquisitions where
the value comes from integration, scale benefit or reduction in trans-
action costs (Williamson, 1981).

2.2. Defining an IOC

To make such analysis possible, it is therefore necessary to under-
stand what the business of the IOCs is. What is marked in the literature
on the IOCs, past and present, is that few commentators are explicit
about what the IOCs do, or more specifically what is it that they are
doing that is distinctive and core and thus supports their existence as
firms in a Coasean sense.

The corporate histories describe events and investments but are si-
lent about what the key sources of competence are (Howarth and
Jonker, 2007; Pratt, 2013); other literature implicitly define IOCs as
international, integrated explorers and producers of oil that are verti-
cally integrated. However, as this literature relates, this may have been
true in the past, in particular pre-1973, but today IOCs do not actually
conduct the drilling as a core activity: the service companies perform
that function in most cases. Nor do the IOCs necessarily own the all the
elements of the oil and gas supply chain: the extent of direct ownership
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and management varies over time, geography, and firm (Davis, 2016) as
structure and strategies have undergone significant change (Grant and
Cibin, 1996).

Beyazay-Odemis (2016) tackles the question of the nature of the firm
that is an IOC through the perspective of the changing relationships
between IOCs and the service companies and concludes that IOCs now
“currently fulfil the function of a ‘core system integrator’” and empha-
sises that this activity should not be understood to be that of vertical
integration (though it can be, for example in the case of LNG), but that of
the “integrating the supply of services and technologies provided by the
oil service companies” (ibid, p150).

From the same starting point Helm (2017) breaks down definition of
the firms as having three key capabilities. The ability to manage very
large investments, requiring coordination across many interests
including “elements of corruption, bribery and occasional force” (ibid,
p185); a capital structure with low levels of debt which enables the
companies to ride the oil price cycles and to invest out of cash flow; and
the ability and size to deliver and motivate host governments to act in
the IOCs interest, in particular with respect of projects of a size and
complexity that they could be managed by national resources. Helm also
identifies that this ability to coordinate interests has become a dominant
source of competitive edge as firms have increasingly outsourced
innovation to the service companies. Though as Davis (2016) and the ‘A
history of Royal Dutch Shell” (Howarth and Jonker, 2007) point out, this
trend towards outsourcing has not been monotonic. These insights form
the basis from which the metric of corporate difference is derived.

2.3. Transaction preferences in M&A

The studies of the process of innovation as a source of growth and
adaptation has been a core motivation for this study in two respects.
First as providing inspiration for the model of the M&A market devel-
oped in this study, and second, and more generally, as models for how
the innovation process can be modelled and calibrated (Aghion et al.,
2016).

The study builds on the seminal contributions to the studies of
transaction preferences in M&A of Jovanovic and Rousseau (2002) and
Rhodes-Kropf and Robinson (2008). The former paper proposes that
buyers’ preferences are driven by the ability to add value and that high
performing companies would therefore buy low performing assets, the
g-theory of M&A, whereas the latter paper demonstrates conditions
where firms will prefer purchasing assets that have a similar perfor-
mance to their own. These papers focus on cost and efficiency gains as
drivers for acquisition. These papers provide the starting point for the
economic model developed for this study.

In parallel to the approach using economic models, recent literature
also examines whether data supports that companies are naturally
driven to buy similar or dissimilar assets to their existing business and
studies examined this through the lenses of location (Ozgur and Wirl,
2020), technology (Igami and Subrahmanyam, 2019; Igami and Uetake,
2020) and culture (Stahl and Voigt, 2008; Lodorfos and Boateng, 2006).
For the energy industry specifically, network-based analysis is also very
illuminating (Guo et al., 2021) and is a useful summary of recent M&A
activity in the sector. This study builds on these papers by developing a
quantitative measure of difference that accommodates multinational
enterprises (MNCs) that bridge cultures, use technology supplied by
service companies and have significant operations in most countries of
the world.

The literature on the drivers for M&A is complemented by the
literature on role that the acquisition of expertise and technology plays
as an alternative to endogenous innovation or contracting with the
innovating firm. Aghion and Holden (2011) provide a valuable review of
the development of Coase’s theory of incomplete contracts, through
Williamson’s seminal research which, in the context of our paper un-
derpins the importance of the M&A activity as one means for achieving
innovation and adaptation in the context of the growth of the firm and
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economic growth (Aghion et al., 2015; Levine, 2017). This is further
developed to study the economic dynamics of the long-term develop-
ment of the energy industry (Acemoglu et al., 2016) and in the study of
the market for ideas and impact on economic growth (Akcigit and Kerr,
2018; Celik et al., 2013).

2.4. Methodology

Whilst analysis in this paper is constrained to the microeconomic
analysis of the M&A market, the firm level models of innovation used in
these studies have critically informed the economic model underpinning
this study. To this end, the analysis that follows proposes a continuous
measure of corporate difference, or distance, that builds on section 2.2
above and based on a combination of capital focus, the cost of capital
and market exposure.

The study is therefore built on two hypotheses. The first is that within
the energy sector, firm difference is reflected in the proposed measures
of the distance between firms. And the second is that an asset that is
being purchased for the purpose of learning and innovation need not be
of a significant size, relative to the buyer, to have value; by contrast, an
asset being purchased to reduce transaction costs or to achieve scale
benefit through integration will benefit from being of the same scale as
the buyer.

Turning to the first hypothesis, the study is based on the observation
that the contrasting strategic foci of the energy sectors should be re-
flected in their financial metrics. For example, the cost structure of a
service company will be predominantly staff focussed, whereas an I0C
or E&P company will be capital focussed. Equally a renewables start-up,
venture capital based is likely to exhibit a high debt to equity ratio,
whereas an I0C will have a low debt to equity ratio. This proposed
mapping of the sector specific business models to financial metrics is
tested heuristically by depicting how the sectors are mapped by the
metrics, and formally by showing that the measures discriminate be-
tween sectors.

The second hypothesis is that relative transaction size should be
related to the balance of the sources of value, which itself should be
related to the constructed distance measure of the extent of buyer to
seller difference, and that this relationship should be scale invariant.
This hypothesis is tested by establishing that the distance measure is
meaningful and is inversely related to relative transaction size after
allowing for confounding variables. Intuitively, the magnitude of the
distance coefficient should also be related to the value ascribed to
innovation relative to the value ascribed to integration; the economic
model developed in appendix A confirms this. This allows that the dis-
tance coefficient provides a lens into the valuation frameworks being
used in the industry and that the influence of exogenous factors can then
be explored.

The analysis is then extended to validate a sector dependant char-
acterisation of what currently constitutes core and non-core business.
Linking the sources of firm difference that make up the distance metric
then allows for conclusions to be drawn on what would be norm
expenditure on non-core assets, what would influence that balance of
expenditure and what policies would favour IOC investment in renew-
able energy businesses. Differentiating the value drivers for innovation
and integration specifically accommodates and identifies choices being
made by IOCs, such as broadening their business scope through cross-
sector investment. The use of staff to capex and debt equity ratios as
measures of difference also seeks to differentiate business models, ser-
vice related in the first case, and leveraged project development by IPPs
in the second, for example.

It is worth noting that this approach, one that treats the seller as the
discriminating agent, removes potential bias arising from the avail-
ability of assets for sale. The approach also implicitly allows that the
number of transactions a buyer is willing to undertake is size related by
focussing on the total transaction value by as a function of average size,
rather than per firm. Moreover, ex ante, it is unknown what the
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population of potential purchase transactions exist, bearing in mind that
many of the potential purchases will be outcompeted and the extent to
which a firm is willing to transact over a period of time will be positively
related to firm size. The economic model therefore treats the shape of
potential buying opportunities as unknown, the shape being estimated
by the known outcome of the model of competition.

3. M&A transaction analysis

In this section, the sourcing of the data is described. This is followed
by analysis that addresses in turn the key research questions raised in the
introduction.

3.1. Data

Data on M&A is sourced from Standard & Poor’s Capital 1Q (2020)
covering the 20-year period 2000 to 2019 inclusive. The data on all
M&A transactions involving the energy industry is filtered by including
only those transactions for which there is a transaction value, identified
buyers and sellers, and where the buyers are in the energy sector.
Transactions where both buyer and seller share an ultimate parent are
also excluded on the basis that such transactions are likely to be
restructuring and not a sale exposed to M&A competition. To avoid
census risk at the lower end, a minimum transaction size of $1m is
imposed. The Japanese conglomerates are also excluded on the grounds
that their diversified business model is markedly different from that of
the rest of the energy sector.

A population of 10,496 transactions make up the database used in
the analysis that follows; Table 1 summarises the coverage of data in
terms of the number of transactions in each target or asset purchased
sector, the total value of the transactions, and the average size of assets
purchased, defined as the sum of annual capital investment and annual
administrative and staff expenses.

In this context, renewable power generation assets are always
included in the renewables classification. It should be noted that the
classification is determined by the assets being sold, not the predomi-
nant business of the ultimate parent.

To create a measure of difference between buyer and seller, a dis-
tance metric is constructed building on factors identified in the literature
review; a stylised description of why the metric can represent funda-
mental differences is given.

1. Organisational Structure: Whether the firm is capital or staff
intensive.

This ratio reflects the extent to which the company places substantial
responsibility upon individuals and by implication organisational

Table 1
Transaction frequency by buyer sector and focus of transaction, 2000-2019.

Buyer sector Number of Recorded value  Average Target
transactions $bn size $m
Coal 717 60 83
Electric Utilities 1239 683 551
Gas Utilities 418 113 271
IPPs/Traders 483 96 200
10Cs 606 749 1237
Multi-Utilities 438 269 615
Drilling 209 75 358
Services 1110 186 167
E&P 3204 817 255
Refining and 467 170 364
Marketing
Storage and 962 681 708
Transportation
Renewables 643 102 159
Grand Total 10496 4002 381
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structure. Companies with a high ratio will tend to have a narrow pyr-
amidical structure, higher salaries and highly qualified staff. This is by
contrast to, for example, a service organisation, which will have a flatter
organisational structure focussing on the management of staff. The
management and HR policies of the high and low capital to staff ratio
firms will therefore need to be very different, presenting problems of
integration.

To measure this characteristic, the ratio of capital investment to
spend on staff and administration is used.

2. Long term risk: Whether firm income subject to long term un-
hedgeable uncertainty

Firms with a low debt equity ratio in the energy industry are typically
those exposed to long term, un-hedgeable, exogenous risk, for whom
there exist events that could be fatal if the firm was over leveraged. The
obverse is also true: firms which enjoy a large proportion of regulated,
low risk, income (or income that in effect guarantees a fixed margin by
virtue of market structure) can leverage their balance sheet and by so
doing increase shareholder returns. The strategic foci of these two types
of firms are very different. In the former case, the focus is on identifying
investment in assets that can survive the cyclical downturns and man-
aging costs; for the latter firms, the chief objective is the management of
the relationship with the authorities that set the regulatory structure.

For this characteristic, the ratio of long-term debt to equity is used.

3. Cost of Capital: Share beta

Share beta is used to provide a proxy for the internal cost of capital of
the firm. Whilst imperfect, given the importance of corporate invest-
ment hurdle rates as a differentiating feature of the firm, this measure is
used as the best available indirect metric.

Company size is defined as capital expenditure plus SG&A. This gives
the following variables for each buyer k:

x{* = norm(log(capitalexpenditure [total staff count))

xPE = norm((long term debt/total equity)(l73)) D)

xf = norm(5 year average prior to transaction of share beta)
¢ = log 10(capital expenditure + SG&A)

Sellers q are similarly defined. The structural parameters are nor-
malised mean zero, standard deviation 1, and winsorized at the 0.5%
level. The 3-vectors of structural metrics thus created are notated as xi
and x4 for buyer firms and target firms/assets respectively. The distance
between buyers and assets purchased is then defined as the simple
Euclidean distance between the normalised values in the 3-D space:

x(k— q) = |xx —x,] (2)

3.2. Testing distance measures for discrimination

This section focusses on establishing that the constructed distance
measures are meaningful and discriminating.

To test that the metrics do discriminate between sectors, a canonical
linear discriminant analysis to buyer data (N = 6868) shows that the first
two canonical variables account for 95% of the variance between in-
dustry sectors, and all three variables are significant at the 0.0% level.
To illustrate how the factors discriminate between sectors, Fig. 1 depicts
the mean scores for the first two canonical variables.

What is clear is that the utilities form a cluster to the right whereas
the oil and gas sectors are sharply removed. It also illustrates that from
the perspective of the identified measures, renewables assets are struc-
turally very similar to the utility sectors; this is by contrast to the posi-
tion of the oil and gas businesses and the service sectors to the oil and gas
industry.

As a next step this intuitive picture is tested. First, the data are
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Fig. 1. Buyer sectors: first two canonical scores; scores normalised to N(0,1). Note: Bubble area proportional to total value of transactions 2000-2019.

formally tested against the null hypothesis that the underlying mean
sector scores are not significantly different. To this end, we use a pair-
wise test of difference, assuming that score variances differ between
sectors. Tamhane’s T2 test is used on the grounds that it avoids type 1
errors.' The only sector pairs where all three means are not significantly
different is renewables and oil and gas storage and pipelines, which
could be accounted for by the fact that many of the renewable genera-
tion businesses are currently regulated by, for example, FERC, in manner
similar to pipelines and storage.

To illustrate this graphically, Fig. 2 depicts the average normalised
score by sector and metric, ordered by value.

The left-hand chart confirms that renewables assets have a high
relative debt to equity ratio that is in line with that of the utilities, and
very different from the low debt to equity ratio of the E&P and IOCs
firms. This can be interpreted as resulting from the E&P and IOCs’
businesses being exposed to un-hedgeable risk, namely the combination
of long-term oil prices and exploration and development risk; whereas
the income for renewable power businesses, by contrast, has typically
been supported by subsidies and/or rate-of-return regulation and shares
this characteristic with most utilities. This simple observation underlines
the importance of market structure and project risk as a structural dif-
ferentiator in the energy sector.

By contrast, the capex to staff ratio for renewable generation is
broadly comparable to that of the IOCs and the power utilities. By
implication the organizational design and management structure of a
renewables business should be compatible with that of an IOC and
power utility. However, the E&P business is notably different, reflecting
that most of the activity for an E&P business is actually conducted by the
service companies, with the focus in the firm being finance and
petrology.

The share beta chart to the right shows the utilities to the right and
the sectors exposed to oil, gas and coal markets to the left. This is
consistent with the stock market norm that oil companies, defined
broadly, have a high beta, and should therefore offer higher shareholder
dividend ratios over time. Note that the IOCs have a beta close to the
mean — this is consistent with the observation that their vertical inte-
gration provides some shorter-term protection to oil price movements.

The key conclusion from this analysis of corporate difference is that
the feature that most differentiates IOCs from the renewables sector is
debt to equity ratio, attributed to the hitherto high level of income
protection for renewable power projects. The following section

1 Stata command pwmc from SSC is used.

demonstrates a linkage between difference, or distance, and the size of
assets be purchased; the implication is that in the case of IOCs and
renewable assets, of the sources of difference, it is debt to equity and
thus regulation that has the greatest influence on the strategic posi-
tioning of renewables in the IOCs’ portfolio.

3.3. Statistical analysis

This section summarises the statistical analysis that addresses the
hypothesis that there exists an inverse relationship between structural
difference, or distance, and the size of the acquired asset relative to the
size of the buyer.

Only some 700 transactions of the 10,482 are complete in all the
data. The technique of Multiple Imputation is therefore used in the
analysis that follows. Following Rubin (1976) this is achieved using a
multivariate normal regression based on the category variables of target
region and target industry sector and a Markov chain Monte Carlo
(MCMC) process to impute the missing values.? All the variables are
used in the imputation, with recorded transaction price being held as
passive. Ten samples are used consistent with the advice in the
literature.

The key hypothesis to be tested is whether distance, or extent of
difference, between target and buyer affects the size of the purchased
target. More distant targets should be smaller because innovation value
would be the dominant source of value, and target size would not
therefore be a value driver. Other factors that could influence target size
would be buyer size and the absolute values of the metrics themselves.
To test whether that could be the case, a composite metric x{V for buyer
k is constructed:

0.5
xgv_< 3 xf) 3)
i={DE.CE B}

a=py+px’ +e 4

And similarly x‘;‘V for target assets g. Analysis shows this is indeed the
case, with a strong inverse relationship for both buyers and assets of size
versus composite metric x¢". For both metrics, there is a strong negative
correlation to size (p<0.1%, N = 10,480)

To account for this confounding effect, the key regression in equation
(5) includes the composite metrics.

2 STATA command: mi impute mvn.
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Fig. 2. Average sector values for endogenous metrics.
cg =Py +hxlk—q) non-core sectors. Two conclusions are drawn: first, that core and adja-
+Breet+ Pl + B, x;w + , for all transaction pairs {, ¢} ) cent sectors should be treated as core; second, that renewables are

Table 2 summarises the regression results as key variables from (5)
are included in turn. Column 4 shows that the distance is significantly
inversely related at the 1% level to target size after controlling for buyer
size and the values of the composite absolute metrics.

In the absence of a clear candidate instrumental variable, a hypo-
thetical data set was constructed using simulated data with the same
structure as the actual data set. This supports that the coefficients esti-
mated in case 4 are unbiased.

This empirical analysis therefore supports the key hypothesis,
namely that target assets at a greater distance from buyers are of smaller
relative size and this relationship is robust to confounding factors
endogenous to the analysis. The implication of this finding is that the
firm metrics chosen do provide a measure of relative company difference
that is meaningful.

3.4. Sector and core/non-core transaction categorization
To explore whether assets at a distance are being purchased as a

source of imported innovation, this section establishes a correspondence
between the distance metric and a categorization into core, adjacent and

Table 2
Regressing target size.
Case 1 2 3 4
Dependant Target Size
variable: ¢g
Distance: x(k —q) —0.118 —0.052 —0.024 —0.040
(0.018) (0.013) (0.021) 28% (0.013)
0.0% 0.0% 0.4%
Buyer Size: ¢ 0.59 (0.015) 0.595
0.0% (0.016)
0.0%
Composite buyer —-0.281 0.029
metric: x2 (0.017) (0.016)
0.0% 7.3%
Composite target —0.070 —0.038
metric: x;w (0.020) (0.016)
0.2% 2.1%
N 10,482 10,482 10,482 10,482
F statistic 42 (1, 22) 1070 (2,32) 88(3,72) 662 (4, 85)
P>F 0.0% 0.0% 0.0% 0.0%

treated as non-core across the energy sector taken as a whole, and for
most sectors taken separately.

An initial categorization is made, as summarised in Table 3. The
concept of an adjacent sector is adapted, given the widespread use in the
literature, covering geography, technology and firm structure. Given the
focus on renewable power, that sector is defined as a specific sector. A
detailed tabulation of the categorization is given in Appendix B.

The relationship of distance to size is used to test whether there is a
correspondence to this top down core/non-core categorization. The re-
sults, detailed in Appendix C, confirm that distance sensitivity distin-
guishes between core and non-core transactions, consistent with the
hypothesis that the more different an asset is from the acquirer, the more
value is driven by innovation, independent of asset size and the absolute
values of the firm metrics x4V and xg", resulting in an increasingly
negative value for the regressed distance coefficient.

However, this analysis also suggests that the adjacent and core cat-
egories may not be distinct, and this is confirmed by a pair-wise test of
significance of the distance coefficients estimated using equation (5), as
summarised in Table 4. This analysis also suggests that the acquisitions
of assets in the renewable sector is distinct from core and adjacent cat-
egories and falls into the non-core category (this excluding renewable
buyers of renewable assets, categorised as core).

Combining into two distinct categories, core and non-core, and using
the categories as distance indicators, regression confirms that these
categories remain significantly related to the size of transactions after
allowing for the size of buyer and seller (p<0.0%, N = 10,474, details in
appendix, table C.2).

The distance coefficient can now be used to investigate whether all
sectors individually treat renewables as non-core. An indicator vector is
used that combines classification into “Core” and “Non-core” combined

Table 3
Core/Non-core high level classification.

Target relative to buyer

Same Sector Core
Target is a long term business of Core
buyer
Some buyers in sector have target
sector
Rarely owned by buyer sector Non-
Core

Adjacent

Target is renewable power Renewable
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Table 4
Pairwise test of significance of difference between distance coefficients.
Core Non-Core Renewable
Adjacent —0.007 (0.022) 76% 0.076 (0.037) 6.3% 0.122 (0.054) 4.6%
Core 0.083 (0.022) 0.1% 0.129 (0.043) 1.1%
Non-Core 0.045 (0.034) 20%

Note: Multiple imputation using 10 simulations; 95% robust standard error in
brackets; significance in %; N = 10,474.

with a buyer sector specific classification of renewables using the
specification in equation (5) with categories c in f; (c) extended. Fig. 3
depicts the regression results, continuing the use of multiple
imputations.

Statistically, the individual sectors results are not generally conclu-
sive at a 5% significance level. However, as negative values are more
likely associated with a non-core categorization of the sector this anal-
ysis suggests that for most sectors renewables M&A falls into the non-
core category, confirming existing energy industry analysis. The
exception appears to be infrastructure and service companies where
there is indication that the buying pattern is more consistent with core
category behaviour; this can be explained by the fact that for service
companies, technology is their core capability and low carbon technol-
ogies would therefore be core; equally infrastructure — pipelines, stor-
age, transmission — applies equally to hydrocarbon and low carbon
assets.

This finding therefore also reinforces the importance of market
structure, as discussed in 3.2 above, for sectors other than the service
and infrastructure business, as a differentiator between core and non-
core assets from the perspective of M&A.

3.5. Economic model — sensitivities

The purpose of the economic model is three-fold. First to validate the
distance related approach to the empirical analysis. Second to estimate
the extent to which IOCs spend on non-core assets is consistent with the
energy sector as a whole. Third to conduct sensitivities, in particular the
impact of crude price volatility.

Following Acemoglu et al. (2016), David (2020) and Rhodes-Kropf
and Robinson (2008), a simple Cobb-Douglas formulation of profit is
used, and a constrained model for output value applied to reflect that
market size and price is exogenous. By implication value is achieved
through efficiency gains driven by a combination of integration benefit
and application of innovation. Sellers choose from a population of
available buyers based on an ex-ante valuation. The economic model of
competition is developed in detail in Appendix A. Key parameters
determine scale benefit (a), innovation benefit (y), the lower bounded
Poisson distribution of the potential buyer population (¢), together with
the upper limits of the populations of potential integration and
innovation-led buyers (c;,c;). In any one transaction, the seller chooses
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Fig. 3. Distance coefficients for sectors’ purchase of renewable assets

Notes: Core and non-core distance coefficients from table 7; error bands are + 1
standard deviation; multiple imputation used with distance coefficients specific
to buyer sector for purchase of renewable assets.
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the better of two buyers picked a random; with probability A the pair
consists of an innovator and an integrator, with probability (1 —1) two
integrators. (The inclusion of a two innovators case has no impact to the
subsequent analysis).

The model is then fitted to the actual data, focussing on equating the
average outcome buyer size, the distance coefficient $; and proportion
of total spend focussed on core integration-based transactions. The
model is over-specified; however, there is a clear co-dependence of a
(scale benefit) and y (innovation) on the modelled distance coefficient

B:, so the scale benefit coefficient is set to 1.4 in line with a 40% ex-ante
valuation of the potential value gain through an integration led trans-
action to be shared between buyer and seller. Sensitivity analysis con-
firms that the value set for @ does not materially affect the conclusions
from the model.

As the economic model uses a binary categorization into innovation
and integration driven value, the economic model is calibrated against a
distance metric calculated from a (0,1) indicator variable in place of
distance giving a regression coefficient of —0.223 (95% confidence in-
terval = [-0.367, —0.079], N = 10,482, P>|t| = 0.6%).

This finding is consistent with the in-going hypothesis, namely that
acquisition for innovation has the potential to improve the profitability
of the firm as a whole. Given the larger average size of IOCs compared to
the rest of the sector, IOCs should be able to out-compete other sectors
for non-core assets, however this analysis suggests that the actual
aggregate proportion of acquired assets by size that are non-core by I0Cs
is about 25% of that suggested by the model of competition (Table 5).

One explanation could be that IOCs do not attribute the potential
value of innovation arising from the purchase of non-core assets to all of
the corporation. The economic model is used to depict in Fig. 4 the
sensitivity of the percentage take-up of non-core assets by IOCs as a
function of the percentage of the firm’s assets to which innovation is
attributed.

Assuming a 25% value for the proportion of the IOC potentially
leveraged by innovation arising from a non-core acquisition, the model
indicates that non-core acquisitions would make up 8% of total M&A
size, versus 6% observed, and the predicted total size (the blue lines in
Fig. 4) comes close to the actual size. This observation from the
modelling is interpreted to reflect the multinational and business spread
of an IOC means that low carbon related innovation imported through
M&A only leverages a quarter of the IOC’s business.

The model is also used to estimate the impact of a key exogenous
variable, namely crude oil price, on the relative valuation given to
innovation vs integration. Preliminary analysis establishes that oil price
volatility (p = 1.5%), rather than the absolute level or trend in oil prices,
has a significant influence on the relative value of innovation vs inte-
gration led M&A (Table 6) confirming Bos et al. (2018). To estimate the
impact of crude price volatility on M&A outcome, the impact on distance
coefficient in equation (5) is used and is estimated separately for periods
of low and high volatility. Regressing estimates that the distance coef-
ficient for the binary core/non-core classification are —0.232 and
—0.213 for low and high volatility periods. Table 7 summarises the
sensitivity, and focussing on IOCs (assuming the 25% of asset case
above), the model of competition in M&A suggests that proportion of
spend on non-core assets increases at times of price volatility.

Table 5
Observed and modelled parameters.

Model Values Observed values

Modelled regression value —-0.226 fitted —0.223
Average buyer size $M 3231 fitted 3230
% non-core $M: all firms 12.8% fitted 12.5%
% non-core $M: I0Cs 25.5% predicted 6.0%
% non-core $M: E&P 9.7% predicted 6.7%

Note: Observed values include imputed data; % non-core is of total M&A value of
assets by buyer sector.
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Fig. 4. Modelled non-core spend by IOCs as a function of assumed firm%
leveraged by innovation.

Table 6
Regression, including crude price.

Dependant variable: ¢,

—0.040 (0.013) 0.3%
—0.064 (0.151) 67%
0.204 (0.121) 10%
—1.232(0.461) 1.5%
—0.221 (0.463) 64%
—16.1 (41.1) 70%
0.595 (0.016) 0.0%
0.027 (0.016) 9.4%
—0.035 (0.016) 2.5%

Distance: x(k —>q)

Oil price

Oil price lagged one year

Oil price volatility

Oil price volatility lagged one year
QOil price slope

Buyer Size: ci

Composite buyer metric: x‘,;“’
Composite target metric: x;"

N 10,482
F statistic 291 (9, 174)
P>F 0.0%

Notes: OLS regression with multiple imputed data; error bands are + 1 standard
deviation; log10 of monthly average Brent marker price; volatility is the average
standard deviation over the prior 12 months; F statistic degrees of freedom given
in brackets adjusted to imputed data.

Table 7
Sensitivity of non-core M&A by IOCs to crude price volatility.
Base Case Low Volatility High Volatility
Observed Regression coefficient —0.223 -0.232 -0.213
Gamma 0.215 0.202 0.245
Modelled IOC (25%) non-core% 9.15% 8.3% 11.2%

Notes: The percentage is calculated over the entire distribution, including
multiple imputations, and is applied to the size of the assets purchased; it is
assumed that innovation applies to 25% of the IOCs’ asset base.

The economic model also provides insight into the possible impact
on M&A of a target sector evolving to become a core business for a
particular firm. Using the ratio of size times incidence for core and non-
core as an indicator, Fig. 5 depict the potential impact by sector, with
I0Cs measured against the assumption of 25% of their cost base being
impacted as above.

3.6. Discussion

Interpretation of the initial statistical analysis together with the re-
sults from the micro-economic model suggest the following conclusions:

Financially derived measures as metrics for corporate dissimilarity
are significantly related to a heuristically derived definition of core and
non-core business from the perspective of an M&A transaction. Indeed,
these metrics can be used successfully to differentiate core and non-core
(Table 2 and Table 4). For IOCs in particular, it identifies that as a sector
they are exceptionally characterised by lower debt to equity ratios
consistent with their exposure to long term market and technical risk
(Fig. 2). This approach is particularly relevant in this case, given the
history of cross-sector investment within the energy sector as a whole.

Sectar of the buyer Potential multiplier
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Fig. 5. Multiplier in firm’s M&A spend resulting from a change from non-core
core to core.

The ratio of core to non-core spend on M&A in the energy sector can
be accounted for by the relative expected value attributable to the
transaction using a simple Cobb-Douglas formulation for profits attrib-
utable to integration and to innovation in the context of a competitive
market amongst buyers for assets put up for sale (Table 5). This
approach therefore provides an analytic perspective on corporate stra-
tegies that complements existing narrative and case specific analysis.

I0Cs’ spend on renewables and non-core assets more generally
relative to the sector at large can be explained by assuming that only
25% of their business would be impacted by the innovations imported
into the corporate by M&A (Fig. 4). This could be accounted for by the
fact that upstream exploration and development has little potential for
low-carbon innovation, whereas the midstream, refining and marketing
are areas where I0Cs expertise could leverage low carbon investment
opportunities.

Crude oil price volatility impacts the ratio of core to non-core spend
(Table 6). For IOCs non-core spend at times of high volatility is 35%
higher than at times of low volatility (Table 7). This could be interpreted
as resulting from the impact of high volatility on the risks associated
with the valuation of core, oil price related, assets.

And for a given firm, the move from a sector being treated as non-
core to core would see M&A spend increase by a factor of between 6
and 11, with IOCs at the upper end with a multiplier of 10 (Fig. 5). This
indicates the significance for the sector as a whole of the IOCs strategic
treatment of low carbon opportunities.

4. Conclusions and policy implications

This study has the ambition to use of M&A data combined with an
empirical and theoretic model of competition in the market for M&A in
the energy sector to provide insight into the often-obscure investment
motivations of the firms in the sector, with particular application to the
investment in assets in the renewable energy sector, and to opine on
conditions that would favour investment in renewables by IOCs in
particular.

The approach taken builds on literature on the nature of the industry,
on established economic models of M&A, and on qualitative assessments
of the industry’s adaptation to a low carbon world. The statistical
analysis demonstrates a significant relationship between a measure of
corporate distance and the size distribution of purchased assets, after
allowing for confounding factors. And the economic model simulates
market outcomes that can be matched to observed relationships.

Notwithstanding the strength of the case for the underlying hypothesis
and conclusions drawn, there are reasons for caution in taking the results
at face value. The commonplace, that correlation does not imply causa-
tion, applies here. The materiality of the industry in global economic sense
means that measures of risk and price may not be truly exogenous. And the
economic model is highly stylised and novel - in that it treats sellers as the
prime agents - though built on established foundations.
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From a research perspective, the value of this microeconomic
approach to studying investment preference in the energy industry is
that is complements the narrative analysis of strategy and action by
providing quantitative analysis that challenges interpretation. With this
in mind, the approach taken here could be further developed. The
empirical analysis could be extended to investigate more deeply the
impact of exogenous factors; the economic model could be extended to a
sequential DMP search model (Diamond, 1982; Rogerson et al., 2004);
the study conflates renewable and non-core investment: a multidimen-
sional value framework would be a valuable extension to the analytic
and empirical analysis. While the analysis here is static it also provides
the framework for developing a dynamic economic model of the
development of the focus of M&A investment over time in the spirit of
Acemoglu et al. (2016).

In terms of a broader application, this approach is only valid where
firms are, or have been, open to investment across the entire space of
businesses being analysed. Where there are structural differences in the
business, e.g. comparing energy to pharmaceuticals, those differences
will likely dominate the financial metrics developed for this study.

With these cautionary notes in mind, the study provides answers to
the research questions posed in the Introduction. Energy sectors appear
to be treating renewable energy as non-core and a source of value
through innovation. Spend by IOCs in particular on non-core businesses
in M&A is consistent with the energy sector as a whole, if one assumes
that only a quarter of the asset base is impacted by the potential inno-
vation arising from non-core acquisitions.

The study concludes that IOCs remain at the early stage of adaptation
to the low carbon future, today exploring models for innovation that
would fit their business model, rather than at the stage where renew-
ables are a core business segment. While this study leaves open whether
I0Cs will be successful in adapting and flourishing in a low carbon
world, it points to conditions which would favour the incorporation
through M&A of renewables into the core business of IOCs in due course,
both in terms of market structure and price environment; it also points to
the scale of the impact on M&A investment were low carbon assets to be
considered as core business by the I0Cs.

The analysis indicates that at-scale investment in innovation through
M&A focussed on non-core businesses is favoured by more volatile
market prices. More pertinently for policy formation, IOC’s also clearly
favour businesses which have a lower debt to equity ratio by virtue of
being exposed to long term market price risk over those with rate-of-
return regulated income. The study therefore concludes that policies
and regulation which leave investors exposed to long term market fun-
damentals will favour the deployment by IOCs of capital dedicated to
low carbon energy production both in the near and the longer term. This

Appendix A. Economic Model

A.1. Introduction
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study concludes that there is no “one size fits all” policy framework. By
implication conversations are required between those developing pol-
icies aimed at decarbonization and the IOCs in order to identify those
areas where the IOC’s expertise and capabilities are most relevant and
what the policy framework could then be developed to encourage the
I0Cs engagement in such investment. The analysis shows that I0Cs
favour core investment in functioning competitive energy markets
rather than in rate-of-return regulated assets, and that for IOCs in
particular policies and market rules directed towards that end would
favour both near- and long-term investment by them into low carbon
energy.

The study acknowledges that such conversations are conducted
against a background where the existing industry players credibility as
low carbon investors has been called into question. By providing an “at a
distance” micro-economic perspective on the strategic preferences of
firms in the energy industry, it is hoped that this study assists in the
debate on how IOCs fit into a world set on decarbonization. The study
finds, using Beyazay-Odemis’s (2016) phrase, that IOCs are indeed
exploring the space for investment in low carbon projects which capi-
talises their central capability as a ‘core system integrator’. Whether
there will be sufficient opportunities will be significantly influenced by
how policies shape and regulate the new emerging markets for low
carbon energy.
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The basis for the economic model is a seller-led choice of buyer. M&A data for targets in the energy sector for the period 2000-2020 for which there
are details of both buyers and sellers covers 15420 transactions. Of these, over 60% were agreed or initiated by the seller. The balance of data are
classified as an acquisition of an equity stake, and it is therefore unclear whether the buyer or the seller initiated the transaction. Inspection of a
random set of the data suggests that about 50% could have been seller initiated. Even in those cases where the target has not declared an interest in
seeking a buyer, fiduciary duty to shareholders will require the buyer to seek alternative offers. In the energy sector it therefore appears that in the
majority of cases, the decision-making party is the seller and the model developed here is therefore seller-led.

The conceptual process for completing a deal is therefore as follows: on placing an asset (or firm) for sale, the seller seeks interest from a number of
buyers before entering into negotiations with a short list of buyers. For each buyer in the short list, the seller estimates the surplus that the buyer
should be able to generate and consummates the deal accordingly.

Following the literature for the various drivers for value-add, the formulation here proceeds as a first step, by establishing the profit function of an
efficient firm by optimising capital and labour inputs to a simple Cobb-Douglas model of production, assuming fixed output, reflecting the commodity
characteristics of the final product. This is then used to parameterise the value-add from acquiring assets for the purposes separately of achieving scale
benefit through integration, and of achieving productivity benefit through acquired innovation. This the creates an estimate the potential surplus
created through a transaction.
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The matching of buyers to sellers is modelled in increasing stages of complexity. The simplest model is the matching of two buyers to two sellers.
This is then expanded to an “urn model” where potential buyers are picked at random from two classes of buyers, those looking to integrate and those
looking to innovate; this stage therefore allows investigation of the influence of the population distribution of buyers and the relationship between
whether an integrator or innovator is chosen and the relative size of the buyer. This model is highly stylised in that there is only one hypothetical
shortlist, and it always contains one innovator and one integrator, each drawn at random from their respective parent populations. Using the fact that
the model differentiates between the distributions of integrators and innovators this approach goes towards validating the empirical model
hypothesised in the preceding chapter and provides the basis for inferring the underlying balance of valuation.

A.2. Setting up the model

Let K and L be the capital and labour stock of the firm, with z the productivity factor. Setting the price as unity, fixed and exogenous at the time of
the transaction, the canonical Cobb-Douglas function is used to represent the output of the firm y and period cashflow m,
where a and  are the respective scale factors and w and u the respective unit wage and depreciation rates.

Y = zK°LP

n=y-wL-uK (A1)

Ex-ante, the seller will attribute virtual or real ex-ante scale benefits to integration-led transactions a + p > 1 as in the absence of such anticipated
benefits the transaction would not create value to be shared between buyer and seller.

Given that markets for energy are generally size constrained, to optimise the value equation, y = § and one can optimise for K and L using the
Lagrangian .’ and FOCs as follows:

min(wL + uK) subjecttoy = y:
Z(L,K,w,u,y) = wL + uK + MY — zKLP) g4
0L 0L =0 => w = ABzK"LP! (A.2)
0L /0K = 0 => u = hazK*"'LP
0L [ =0=>7§ = zK°LP

This gives the solutions for K and L and cost ¢ = wL + uK:
R 1/(@tp)
K = {(3/2)(wo/up)’}

L = {(3/2)(up/wa)*}"/ P (A.3)

S R (O P

Since the model does not differentiate between capital and labour stock in the analysis that follows since both innovation and integration can
improve the productivity of assets and staff, from this point o + B is concatenated to  and the hat is dropped to give the cost equation for firm i:

Ci :(Pi(Yi/Zi)]/u

The firm value IT; for firm i and discount rate r is given by:

M=x /(-1 =(y,—a./2)") /(1-1) (A.4)
The surplus generated from an acquisition of asset/firm q by firm i is denoted by S(i,q):
S(i,q) =s(i,q) / (1-r) - v(i,q) (A.5)

s(i,q) is the annual gain in aggregate firms margin arising from the transaction and v(i,q) is the transaction cost; with the superscript M denoting the
values of the acquiring firm after the transaction this becomes:

s(i,q) = (v —vi — ¥y) —u(K)' — Ki — K,) = Ay, — (uAK; + wAL;)

. (A.6a)
S(laq) = AYi —Ag;

From here on use of K and L for capital and labour can be dropped as the last line of (A.6) carries through to the subsequent analysis.

As to purpose of the model is to understand the driving forces behind the choices of those selling assets, the value estimated here is reflects the ex-
ante, anticipated, surplus from the transaction, rather than the achieved ex-post completion outcome. The basis upon which firms estimate anticipated
value is not generally available and may not be highly consistent across an industry, so the analysis that follows is based on the following assumptions.

1) Itis assumed that any subsequent rationalisation and divestment is a distinct activity, so evaluating of any putative transaction is made on the basis
that the acquired business is integrated into the buyer firm in its entirety;

2) Estimation of surplus assumes that resultant output is the sum of the acquired and pre-transaction acquirer’s output, so that yM = vy, + Yqr

3) Value is therefore created by reducing the capital and labour base through benefits to scale and/or improving the productivity z; of the acquirer
while maintaining the value of the output;

4) It is assumed that prior to the negotiation, neither buyer nor seller has information on the split of the transaction value created, so preference for
both buyer and seller is driven by the common objective of maximising the total surplus less transaction cost;

5) Throughout ¢; > ¢4 on the basis that if this were not the case, the transaction could be reversed, with seller being bought by the buyer;

6) The coefficients for value creation are common across size and sector.

10
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Assumptions 1) through 3) make the implicit assumption that any sell-off of elements of the acquired business, whether required by regulation or
opportunity, is made at value. This analysis therefore overlooks any cost associated with situations where the combined entity approaches being a
monopoly and subject to anti-trust or similar constraints and any unbundling takes place below value and would therefore exhibit reducing returns to
scale.

First, equations for the surplus generated by the transaction are derived, for pure integration driven deals, and then for innovation so that the
preference equations for buyer and seller can be derived. The distance dq is defined such that di; = 0 corresponds to a pure integration driven value-
add, and di; = 1 as pure innovation.

In the first case, firm i acquires asset or firm q with the intention of realising value solely through synergies derived from integration. With the firm
distance di; = 0, similarity allows that the populations share the same defining parameters: z, and a.

Define mjq < 1 such that y, =mjy;. Then from (A.6b)

s(i,q) = —Aci =¢; +¢q — ' =

1/a 1/a 1o
0(/2)" + p(migy,/2) " —o((1+ma)y, [z) = (A7)
ci(l +m = (1 + miq)l/u>
Since mjy <1, s(i,q) > 0 iff o > 1.
mig =y, /y; = cg/c]' since firms i and q share common productivities and ratios of capital to labour. Substituting therefore gives:
(@) =ci +eg - (e + )" (A.8)

In the second case, an innovation-led deal with d;; = 1 and in the absence of any integration benefit, it is assumed that the value of the deal arises
solely through the impact on the productivity, z, of the acquirer. v, is defined as the ratio of incremental productivity improvement:

M= zj(l + yjq) where 0 < v;, (A.9)

7

Then as before y)' = y; +y, so:

s(j. q) —<p,~{ (i—j) - (M)} :qf[l -1 +yjq)’”"] (A.10)

Transaction costs are typically proportional to the value of the asset being acquired for large assets, so setting the annualised transaction cost (1 —
r)v(i,q) = veg.

Combining (A.8) and (A.10), and taking the perspective of seller preference when faced with two buyers, i seeking integration benefit and j seeking
innovation benefit, of cost size ¢; and ¢;, and where (1 —r)v(i,q) is the annualised transaction cost, buyer i will be preferred if:

fa _
s(i,q) — veg >s(j,q) — veq or:ci+cq7<c§‘+cg)] >cj(lf(1+yjq) '/") (A.11)

This inequality is fundamental to the differentiation between innovation and integration in the search model. Figure A.1 summarises the trans-
action benefit as a function of the buyer size and innovation benefit for fixed seller size and scale benefit. As innovation benefit increases, the size of
buyer at which innovation generates more value than integration decreases.

10000

- 1000
k=
[
c
@
[
g 100 Integration
B /'/ Innov=0.1
g Innov=0.2
o 10 Innov=0.3
=

1

100 1000 10000

Buyer Size

Fig. A.1. Idealized innovation versus integration benefit

Alternative constructions are possible, but so long as scale benefit is primarily driven by the size of the target, and innovation by the size of the
buyer, the outcomes will be similar. This then is the core driver for the model of the market for M&A that follows.

A.4. Urn Model with Discrete Innovation and Integration economics
To examine the implications of the proposed value model a choice model is developed. A seller places an asset/firm for sale, the asset/firm drawn at

random from the population of assets/firms Q. There are two classes of buyers I and J made up of integrators and innovators respectively. and as the
asset is placed for sale, a broker chooses buyers at random, one each from each class, subject to the constraint that the buyers are larger (have higher

11
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cost ¢) than the asset/firm for sale. The seller then chooses whichever is the better value. Transaction costs can be ignored as they will be common to
both buyers. This is therefore a choice model based on picking from each of two “urns”, one of innovators, the other of integrators.

The seller population is observed: it is the population of M&A deals. The parent population I and J can be thought of as the population of potential
willing deal makers. As tranches of the parent populations of buyers are intrinsically uncompetitive or fall below the size of the particular seller, and
one can only observe the consummated transactions, the shape of these parent populations can only be inferred. Equally, as larger firms are willing to
do more deals per unit of time, the size distribution of the firms in the industry does not reflect the distribution of available deals. This challenge is met
by deriving distributions for I and J from fitting the distribution of buyer outcomes using the proposed value model.

It is assumed that buyers are pareto distributed, though with different population density functions for the two classes of buyers driven by the upper
support. In both cases the lower support is set to unity. So for class I:

Fic;) = (1 — (ﬁ/c,-)w)/(l — (Q/E)q)) fore; < ¢ <cfi(c) = ci’(’/’“)gag‘”/(l — (Q/cﬁ)w)forﬂ < ¢; < 7,0 elsewhere (A.12)

Set ¢; = 1 for all classes I, ¢ constant across all classes, so that class means are differentiated by upper support c;. Let y; be the mean of costs in class I.
Then ¢; satisfies:

<l

4 p 1—gl? o _,
Hi :m /c"”dc:(p i 1 ﬁand as i, (9 — 1) Jo<<er, & =2 (1 — (g — 1) /) /") (A.13)
1

To simplify the notation define p, = ¢ / (1 —;*) so that : fi(¢;) = p,c; "V (A.14)
Define class of buyers j € J similarly, so that seller q has two buyersiand j, where dj; =0 and dj; =1, then the probability that i is preferred over j is
P(i>jlg) :P(s(i, q,di, = O) > s(j, q,dj, = 1) |c1 >c4, 6> cq) (A.15)

Feasibility requires that ¢, < ¢ andc, < Cj. The value model is simplified by assuming that the innovation and integration parameters, a and y are
constant across the population.

Define = 1
1/
ifci +cq — (c;’Jrcg) ‘ Zc_i(l 7(1+y)71/“>, (A.16)
0 otherwise;

Substituting from (A.15) gives the probability that integration is preferred over innovation:

oo
/ / psc;” " pe N deyde
Cq

P(i>jlg) = = = (A17)
pyc @ dc; //),c,»*(V’“)dc,-
Taking the inner integral over ¢; of the denominator first:
epveq=(cre) "
) (, (147) |q,'u) NS
/ﬂ/cfwmdc./: / Py Ve =
e ¢
1a\ ~%
ci+cq— (c,“ + cg)
/o)) e’ = e (A.18)
(1 —(1+7y) )
ci+cq7<c¥/“’+c]/“’)w a
for ¢; such that ! < ¢ /p,cj’(q’“)dcj 12 (1 - c;‘”) otherwise (A.19)
17

(1 - (1 +yjq)7l/u> ¢

It is assumed that the upper limit exceeds the lower in (A.18) for all ¢; > ¢, placing the following constraint by setting ¢; = ¢, in the upper limit:

a

2¢, - (202)& Sep(1= (47 )ory= @ 1) "~ 1 (A-20)

So integrating over c; the denominator of (A.17) becomes:

—

/X.(/’ /o) "~ aoa <C? i Cg)l/u prci UV de;+
J J q (1 —qa +]/)71/01) 1¢i i
( 7% (1 B C‘;w>> 7(/’1 /40)/7101'7('”1)51& (a2

X
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1/a
xX+cg— (x” +cg)
where x satisifies : ———————=~¢; and x<¢;and x > ¢, (A.22)

(1 —(1+ y)fl/“)

Taking these conditions in turn — illustrated in the following figure A.2.

i. x < cq. In this case ¢ < cg(2 —2Y/%) /(1 —(1 + 7)"1/%). There are no innovating companies large enough to compete against the smallest inte-
gration driven competitor. This will occur when the size of the seller, ¢, approaches ¢; and/or y<a — 1. In this case P(i>jlq) = 1..
ii. x > ¢;. In this case for all innovation buyers size ¢; < C; there exists a synergy buyer i whose value exceeds that of the largest innovation buyer.
X = (..
iii. ¢g < x <7 asin (26). Here ¢; is such that there is a value x = ¢; such that above that value for ¢;, ¢; is small enough that all possible innovation
buyers cannot compete against the synergy buyer. Case ii) is the limiting case when this holds for all values of c;.

100

The equi-value line is the points at
which the value to the seller is the
Case ii) same for buyers ¢, and ¢
e Horizontals are maximum values
\“e\\“ for ¢; . The cases are those in the
text:
Case iii) c* i) For all G all firms i have a higher
value so c"=c
ii) For all ¢, there is a ¢;which has a
uded higher value, so c*=max(c,)
iii) There is an intermediate c*above

Casel) which all ¢, have a higher value

0 —

0 100

Fig. A.2. Boundary Cases

Let c*(cq, Tj; 7, @) denote this breakpoint in the integral.
For x>>1 and b > 0 the approximation applies:

1
1+x—(1+x(l+b))'+”g 1 —xib/(ler)

Then (A.22) can be approximated:

R —
4 Cy ~1/a
1-1 — ~ = (1—(1 d
/a(cq> o ( (14+7) ) an

s (a=1)
e (1T ) nz

Cq

IR

Assume that ¢, < ¢* <¢;, and taking (A.21) in parts, focussing on the first term and applying the approximation in (A.23):

-9

a c* a lay —¢
0, ]0)| o Gte (C? + CZ) pre @ de, _/)l/)Jc‘”/(l <Cf/cq +1=((eife))” +1) ) )C_<rﬂ+l)dc.

q —1/a ! ! q “1a i i
- (1= (+n) ™) vt (1= (7))

/ ( e\ ? (A.24)
/ o 1—q! (;) < . =1/ =
! o~ MC—(/’/ T ¢; e, :Mcﬂﬂ _1 (c**fﬂ _ C*w) _ / % ¢; e,
0 1 2 A AN (Erres
(- () ) “

Addressing the denominator in the last term in (A.24):
/ <1 —a! (c,-/cq)(a_]))wc,-’(‘”“)dc[

Substitute y = a!(ci/c,)" " so

1 o

c,»:cqal/(l"”yﬁ; de;= — p lcqal/u’“)y’ﬁdy (A.25)

(A.25) becomes:

13
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1/a
1 A
Akl / (1—y) "y 1y (A.26)
al (c’/(‘q)l “
This can be expressed as the difference between two incomplete beta functions:
1 - - 1. . —a, @
i e Bt e) - (et a) T G0 27

Gathering remaining terms from (A.21)

o

/(P/ @)e, prei " Vde; = p,zp{p (C;(ﬂ - cﬁ”)

Pcq

Cq

3]

o

Cr
/p,cf(“'“)dci =1-F(c;) =1 —% (1 - c;“’) and same for J

[

We can now revisit (A.21) by combining (A.24) and the above to solve for P(i > j|q):

(ﬁm,@w),PMMM“”POf%anl—w)—B@*@vﬁfﬂ;51_¢H

(1 7% (1 - c;‘”))%(cklp *Cifw)+M 4 (a — 1),/,0347(1 —(1+ }')71/“>7¢

2 .9
[

P(i>jlg) =

(A.28)
(=2(-)(-0-)
Examination of the denominator of (A.28) shows that it includes conditions i) and ii) as special cases.

Case i). x < cq therefore setting ¢, = c*. In this case in (32) the two Beta functions are identical and the expression collapses to unity as required:

(17%(17#))%(6{&57@/(1 7%(175«’))(17%(17@)) =1

Case ii). x > ¢y, setting ¢* = c;. This collapses the first term to zero, and the solution therefore reflects the first integration term in (32) as required.

1/a
citeq—(cf+cy)

i < cq. The LHS of the
inequality is monotonic in ¢;, so there is some value c;, where the above inequality holds for all ¢; < c¢;, and for these values P(i > j|g, ¢; < ¢jo) = O..
W e therefore need to solve forcig : Cio + ¢q — (€ + CZ)I/” =c(1-1+p)7").
Using the approximation, with 1 +b = « as in (), we get the following equality

1-1 /a(cio/cq)fb ~ (1 —(1 +y)’l/"> or:

The last case to be considered is the case where condition in (26) is violated. Here we have values for ¢; such that

cio anl/(]*")(l + y)l/“(“’]) (A.29)

In the event that cjy > ¢4, then the first integral in (31) has the lower limit of c;. Define ¢* =min (max(c*,cq),cr) where such c;y exists and ¢; =
max (cq, Cio). Then (32) can be simply extended to give the following generalised formula for the probability of preference:

~\ 1@ ~N\ l-a
o 1 (C @ i fct ®
= |Bla'(2) ; ——1—-¢|-Bla'(—] ;——1-
plp.la ! |: <(X (Cq) El o — 17 (/)> ((l (Cq) aa _ 1’ ¢>:|

(a— l)wci“’(l -1+ 7)’”“) -’

CREr

,pj( _? )M STy PiPy
(l(plc)(pz(c o)+ HE

» q 2 .9
[

P(i>jlg) =

(A.30)

With the generic one seller, two buyers competition model established in (A.30) it is possible to investigate the behaviour of P(i > j|q) or the prob-
ability that an integrating buyer will be preferred over an innovation buyer, if both are drawn randomly from the population of available buyers of
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great size than the seller. With the energy industry in mind, the focus is on examining the behaviour of the model with conditions that resemble that of
established energy players seeking to purchase a renewables asset in order to innovate (a J class firm), competing against a renewables firm seeking to
buy in the same sector in order to achieve scale benefits (an I class firm).

A.5. Fitting the model to the data

Applying the model to the data set analysed in the previous section, the actual distribution for sellers g, f(q) can be used. The parent distributions of
buyers are unknown, and are described by the parameters c;,c; and ¢. Following from equations (A.13) and (A.14), the mean size of an integration
buyer for a given seller is given by:

E(ci|cq) = /_ c[<1 - /dF,(q-))dF,(c,-) (A.31)

And similarly for c;.
Felexlq) = P2 jlq)E(cileg) + (1= P2 1) E(ci|e,) for >, (A.32)

The modelled observed distribution can then be fitted to the actual distribution of buyers.

The statistical analysis in the previous section allowed for a distribution of distances between buyer and seller and identified the coefficient of the
distance variable when regressed against the seller size, after allowing for size effects on the metrics. This coefficient is therefore effectively the
difference between pure integration and pure innovation, that is setting x(i ~q) = 0 and x(j —»q) = 1 in the economic model above.

Set 8, = 11if k € J,0 otherwise, and denoting the average value of ¢, for a given seller to be E(ck|q), so that the modelled distance coefficient is given
the following regression by f;:

cg =P+ B, E(cklq) + By + € (A.33)

where the regression taken over a sample set of target values c, where, for each value, two data points are used, E(c;|c,) and E(cj|c,), and weighted by
P(i>jlg) and 1 - P(i> jlg).

Given that the coefficient of distance in the economic model is based on intrinsically sized conditioned metrics, the relevant reference coefficient
from the data is that from case 4 in Table 3 in the main paper.

Figure A.3 depicts the modelled distance coefficient as a function of integration benefit a.

and innovation benefit y. It demonstrates that the value of the coefficient is approximately proportional to the ratio of the two factors, and that, by
implication, one or other needs to be fixed. The scale benefit corresponds to the expected margin on the fair value to be shared from an acquisition
based on integration, and ex-ante margins, as measured by share premia of 40% are quoted. For the purposes of this study, « is fixed as 1.4.

Fitting the model to the data using the method of moments applied to the distribution of buyers and distance coefficient gives the following values.

Table A.1
Observed and fitted values
—-2SD Base Case +2 SD Observed values
Observed regression value —0.367 —0.223 —-0.079
Key model Parameters
Alpha (integration) 1.4 (assumed)
Gamma (innovation) 0.200 0.215 0.260
Phi (Poisson parameter) 0.910 0.860 0.800
% like-for-like competition 0% 15% 38%
Max Integration size $b 10.0 10.0 10.0
Max Innovation size $b 7.3 10.0 10.0
Modelled regression value —0.362 —0.226 —0.080
Average buyer size
% non-core $b: all firms 12.3% 12.8% 12.2% 12.5%
% non-core $b: I0Cs 24.8% 25.5% 22.8% 6.0%
% non-core $b: E&P 9.3% 9.7% 9.5% 6.7%
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Fig. A.4. CDF of fitted and observed buyer distribution
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Figure A.4 illustrates that the resultant distribution of buyers fits the observed distribution, confirming that this model, where the observed
distribution is derived through competition amongst an unknown distribution of potential buyers, can match the observed outcomes.
This fitted model is then the basis for the discussion in section 3.6 of the main paper.

Appendix B. Sector categorization: core, non-core etc.



LT

Table B1
lists the detailed attribution of business sectors to the core, adjacent, non-core and renewables categories.
Target Electric Oil and Gas Integrated Multi- Oil and Gas Storage  Oil and Gas Independent Power Oil and Gas Gas Coal and Renewable Oil and
Utilities Exploration and Oil and Gas Utilities and Transportation Equipment and Producers and Refining and Utilities Consumable Electricity Gas
Production Services Energy Traders Marketing Fuels Drilling

Application Software N-C N-C N-C N-C N-C Adj N-C N-C N-C N-C N-C N-C

Automotive Retail N-C N-C Core N-C N-C N-C N-C Adj N-C N-C N-C N-C

Coal and Consumable ~ N-C N-C N-C N-C N-C N-C N-C N-C N-C Core N-C N-C
Fuels

Commodity N-C N-C Core N-C N-C N-C N-C Adj N-C N-C N-C N-C
Chemicals

Construction and N-C N-C N-C N-C N-C Adj N-C N-C N-C N-C N-C N-C
Engineering

Diversified Metalsand ~ N-C N-C N-C N-C N-C N-C N-C N-C N-C Adj N-C N-C
Mining

Diversified Support N-C N-C N-C N-C N-C Adj N-C N-C N-C N-C N-C Adj
Services

Electric Utilities Core N-C Adj Core N-C N-C Core N-C Adj Adj Adj N-C

Electrical Ren N-C Ren Ren N-C Adj N-C N-C N-C N-C Adj N-C
Components and
Equipment

Electronic Equipment N-C N-C Ren N-C N-C N-C N-C N-C N-C N-C N-C N-C
and Instruments

Environmental and N-C N-C N-C Adj N-C Core N-C N-C N-C N-C Adj Adj
Facilities Services

Gas Utilities Adj N-C Adj Core Adj N-C Adj N-C Core Adj N-C N-C

Gold N-C N-C N-C N-C N-C N-C N-C N-C N-C Adj N-C N-C

Heavy Electrical N-C N-C Ren N-C N-C N-C N-C N-C N-C N-C N-C N-C
Equipment

Independent Power Adj N-C Adj Adj N-C N-C Core N-C N-C N-C Adj N-C
Producers and
Energy Traders

Industrial Machinery N-C N-C N-C N-C N-C Adj N-C N-C N-C N-C N-C Adj

Integrated Oiland Gas ~ N-C Adj Core Adj N-C N-C N-C Adj N-C N-C N-C N-C

Marine N-C N-C Core N-C Adj Adj N-C N-C N-C N-C N-C N-C

Multi-Utilities Adj N-C Adj Core N-C N-C N-C N-C Adj N-C N-C N-C

Oil and Gas Drilling N-C N-C N-C N-C N-C Core N-C N-C N-C N-C N-C Core

Oil and Gas N-C N-C N-C N-C N-C Core N-C N-C N-C N-C N-C Adj
Equipment and
Services

Oil and Gas N-C Core Core Adj Adj N-C N-C Adj Adj N-C N-C N-C
Exploration and
Production

Oil and Gas Refining N-C Adj Core N-C Adj N-C N-C Core Adj N-C N-C N-C
and Marketing

Oil and Gas Storage N-C Adj Adj Adj Core N-C N-C Adj Adj N-C N-C N-C
and Transportation

Real Estate Operating N-C Core Core N-C N-C N-C N-C N-C N-C N-C N-C N-C
Companies

Renewable Electricity ~ Ren Ren Ren Ren Ren Ren Ren Ren Ren Ren Core Ren

Research and N-C N-C N-C N-C N-C Core N-C N-C N-C N-C N-C N-C
Consulting Services

Trading Companies N-C N-C Core Adj Adj N-C Core Adj N-C N-C N-C N-C
and Distributors

Water Utilities Adj N-C N-C Core N-C N-C N-C N-C Adj N-C N-C N-C

Other Sectors N-C N-C N-C N-C N-C N-C N-C N-C N-C N-C N-C N-C

D 39 SOYMDH Y

Z9LE11 (€207) £81 fon0d ABsoug
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Appendix C. Supporting statistical analysis
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Detailed statistical tabulations are given here in support of the main body of text.
C.1. Distance coefficient regression using core/adjacent/non-core categorization

Table C.1
Regression with transaction category

Dependant variable

Cq

Distance: x(k —q)
Adjacent
Core
Non-Core
Renewables
Buyer Size: ¢k
Composite buyer metric: x{V
Composite target metric: x4"

0.026 (0.027) 32%
—0.004 (0.014) 80%
—0.097 (0.018) 0.0%
—0.108 (0.035) 0.7%
0.597 (0.015) 0.0%
0.023 (0.014) 10%
—0.51 (0.015) 0.2%

N (total population) 12,270
DF 7118
F statistic 319
P>F 0.0%
Note: Multiple imputation using 10 simulations; 95% robust standard error in brackets; significance in %.
C.2. Core/non-core regression
This table details the regression with distance replaced by a core/non-core 0/1 indicator variable.
Table C.2
Regression with transaction category and pairwise significance
Dependant variable cq Core vs. Non-Core

Distance: x(k —q)
Core
Non-Core
Buyer Size: ci
Composite buyer metric: x¢V
Composite target metric: x}"

N (total population)
DF

F statistic

P>F

0.000 (0.014) 99%
—0.099 (0.019) 0.0%
0.597 (0.016) 0.0%
0.020 (0.014) 14%
—0.51 (0.015) 0.3%

0.099 (0.018) 0.0%

12,270
(5836)
449
0.0%

Note: Multiple imputation using 10 simulations; 95% robust standard error in brackets; significance in %. Core/non-core categorization treated as indicator variables.

Table C.2 shows that the non-core regression coefficient is significantly different from zero. The pairwise test of the difference, 0.099 between the
distance coefficients for the aggregated core and non-core categories is significant at 0.0%. This test confirms that the classification into core and non-
core transactions is associated with a significantly different response to the metric for distance between buyer and target asset.

C.3. High and low crude price volatility regression

Table C.3.1
Distance regression with high and low volatility years distinguished

Dependant variable

cq Test of difference

Distance: x(k —q)
Low volatility
High volatility
Buyer Size: ¢x
Composite buyer metric: x{V
Composite target metric: x‘gv

N (total population)
DF

F statistic

P>F

—0.012 (0.015) 42%
—0.052 (0.016) 0.1%
0.584 (0.015) 0.0%
0.027 (0.014) 5.5%
—0.057 (0.015) 0.0%

0.040 (0.013) 0.5%

12,270
(5,99.4)
528
0.0%

Notes: Note: Multiple imputation using 10 simulations; 95% robust standard error in brackets; significance in %. High and low volatility categorization treated as
indicator variables. High volatility values are the 60% of years with highest recorded volatility.
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This confirms that the value of the estimated distance coefficient is dependent on the choice of high or low crude oil price volatility.
The equivalent values when regressed against a core/non-core 0/1 indicator are summarised in Table C.3.2; this result will be used to calibrate
sensitivities using the economic model. —0.033 is the extent to which the difference in core and non-core distance elasticity differs in a high and low

crude price environment.

Table C.3.2

Distance regression against volatility indicator and a 0/1 indicator for core/non-core categorization

Dependant variable: ¢,

Distance: x(k —q) Core
Low volatility
High volatility
Difference

Buyer Size: ¢

Composite buyer metric: x¢V

Composite target metric: xfl“"

—0.082 (0.032) 1.9%

0.599 (0.016) 0.0%
0.015 (0.014) 29%
—0.067 (0.015) 0.0%

Non-Core Difference

—0.212 (0.532) 0.1% -0.212

—0.327 (0.047) 0.0% —0.245
—0.033

N (total population) 12,270

DF (6, 100.0)

F statistic 372.8

P>F 0.0%
References

Acemoglu, D., Akcigit, U., Hanley, D., Kerr, W., 2016. Transition to clean technology.
J. Polit. Econ. 124, 52-104.

Aghion, P., Akcigit, U., Howitt, P., 2015. Lessons from schumpeterian growth theory.
Am. Econ. Rev. 105, 94-99.

Aghion, P., Dechezleprétre, A., Hémous, D., Martin, R., Van Reenen, J., 2016. Carbon
Taxes, Path Dependency, and Directed Technical Change: Evidence from the Auto
Industry.

Aghion, P., Holden, R., 2011. Incomplete contracts and the theory of the firm: what have
we learned over the past 25 Years? J. Econ. Perspect. 25, 181-197.

Akcigit, U., Kerr, W.R., 2018. Growth through heterogeneous innovations. J. Polit. Econ.
126, 1374-1443.

Andriugkevicius, K., Streimikiene, D., 2021. Developments and trends of mergers and
acquisitions in the energy industry. Energies 14, 2158.

Beyazay-Odemis, B., 2016. The Nature of the Firm in the Oil Industry. Routledge, New
York ; London.

Bos, M., Demirer, R., Gupta, R., Tiwari, A.K., 2018. Oil returns and volatility: the role of
mergers and acquisitions. Energy Econ. 71, 62-69.

Cefis, E., Marsili, O., 2015. Crossing the innovation threshold through mergers and
acquisitions. Res. Pol. 44, 698-710.

Celik, M.A., Greenwood, J., Akcigit, U., 2013. Buy, Keep or Sell: Economic Growth and
the Market for Ideas.

David, J.M., 2020. The Aggregate Implications of Mergers and Acquisitions. The Review
of Economic Studies.

Davis, J.M., 2016. The Changing World of Oil: an Analysis of Corporate Change and
Adaptation. Taylor and Francis.

Diamond, P.A., 1982. Wage determination and efficiency in search equilibrium. Rev.
Econ. Stud. 49, 217-227.

Ferns, G., Amaeshi, K., 2021. Fueling Climate (In)Action: how organizations engage in
hegemonization to avoid transformational action on climate change. Organ. Stud.
42, 1005-1029.

Ferns, G., Amaeshi, K., Lambert, A., 2019. Drilling their own graves: how the European
oil and gas supermajors avoid sustainability tensions through mythmaking. J. Bus.
Ethics 158, 201-231.

Ferroukhi, R., Anisie, A., Bianco, E., Blanco, Herib, Boshell, F., Casals, X., et al., 2022.
World Energy Transitions Outlook 2022: 1.5°C Pathway.

Fouquet, R., Pearson, P.J.G., 2012. Past and prospective energy transitions: insights from
history. Energy Pol. 50, 1-7.

Grant, R.M., Cibin, R., 1996. Strategy, structure and market turbulence: the international
oil majors, 1970-1991. Scand. J. Manag. 12, 165-188.

Guo, Y., Yang, Y., Wang, C., 2021. Global energy networks: geographies of mergers and
acquisitions of worldwide oil companies. Renew. Sustain. Energy Rev. 139, 110698.

Hall, B.H., 1988. Estimation of the Probability of Acquisition in an Equilibrium Setting.

Hansen, A., 2015. The Routledge Handbook of Environment and Communication, 1.
publ. Routledge, London [u.a.

Helm, D., 2017. Burn Out. Yale.

Howarth, S., Jonker, J., 2007. A History of Royal Dutch Shell. Oxford Univ. Press,
Oxford.

IEA, 2020. The Oil and Gas Industry in Energy Transitions.

Igami, M., Subrahmanyam, J., 2019. Patent Statistics as an Innovation Indicator?
Evidence from the Hard Disk Drive Industry, vol. 70. Japanese economic review,
Oxford, England), pp. 308-330.

19

Igami, M., Uetake, K., 2020. Mergers, innovation, and entry-exit dynamics: consolidation
of the hard disk drive industry, 1996-2016. Rev. Econ. Stud. 87, 2672-2702.

Jovanovic, B., Rousseau, P.L., 2002. The Q -theory of mergers. Am. Econ. Rev. 92,
198-204.

Kim, E., Lyon, T.P., 2015. Greenwash vs. Brownwash: exaggeration and undue modesty
in corporate sustainability disclosure. Organ. Sci. 26, 705-723.

Lamb, W.F., Mattioli, G., Levi, S., Roberts, J.T., Capstick, S., Creutzig, F., et al., 2020.
Discourses of climate delay. Global Sustainability 3.

Larsson, R., Finkelstein, S., 1999. Integrating strategic, organizational, and human
resource perspectives on mergers and acquisitions: a case survey of synergy
realization. Organ. Sci. 10, 1-26.

Levine, O., 2017. Acquiring growth. J. Financ. Econ. 126, 300-319.

Lin, Y., Wang, Y., Shi, H., 2020. Mergers and acquisitions matching for performance
improvement: a DEA-based approach. Economic research - Ekonomska istrazivanja
33, 3545-3561.

Livesey, S.M., 2002. Global warming wars: rhetorical and discourse analytic approaches
to exxonmobil’s corporate public discourse. J. Bus. Commun. 39, 117-146, 1973.

Lodorfos, G., Boateng, A., 2006. The role of culture in the merger and acquisition
process. Manag. Decis. 44, 1405-1421.

Niemczyk, J., Sus, A., Borowski, K., Jasinski, B., Jasiniska, K., 2022. The dominant
motives of mergers and acquisitions in the energy sector in western europe from the
perspective of green economy. Energies 15, 1065.

Ozgur, S., Wirl, F., 2020. Cross-border mergers and acquisitions in the oil and gas
industry: an overview. Energies 13, 1.

Pickl, M.J., 2019. The renewable energy strategies of oil majors — from oil to energy?
Energy Strategy Rev. 26, 100370.

Pratt, J.A., 2013. Exxon, first ed. Dolph Briscoe Center for American History, Austin,
Texas, USA.

Rhodes-Kropf, M., Robinson, D.T., 2008. The market for mergers and the boundaries of
the firm. J. Finance 63, 1169-1211.

Rogerson, R.D., Shimer, R., Wright, R.D., 2004. Search-theoretic Models of the Labor
Market. National Bureau of Economic Research, Cambridge, Mass.

Rubin, D.B., 1976. Inference and missing data. Biometrika 63, 581-592.

Saeverud, L.A., Skjarseth, J.B., 2007. Oil companies and climate change: inconsistencies
between strategy formulation and implementation? Global Environ. Polit. 7, 42-62.

Schlichting, I., 2013. Strategic framing of climate change by industry actors: a meta-
analysis. Environmental communication 7, 493-511.

Shojaeddini, E., Naimoli, S., Ladislaw, S., Bazilian, M., 2019. Oil and gas company
strategies regarding the energy transition. Progress in Energy 1, 12001.

Stahl, G.K., Voigt, A., 2008. Do cultural differences matter in mergers and acquisitions? A
tentative model and examination. Organ. Sci. 19, 160-176.

Standard & Poor’s Capital 1Q, 2020. Commercial Data Base, p. 2020.

Strobl, A., Bauer, F., Degischer, D., 2022. Contextualizing deliberate learning from
acquisitions: the role of organizational and target contexts. J. Bus. Res. 139,
194-207.

Supran, G., Oreskes, N., 2021. Rhetoric and frame analysis of ExxonMobil’s climate
change communications. One Earth 4, 696-719.

Williamson, O.E., 1981. The economics of organization: the transaction cost approach.
Am. J. Sociol. 87, 548-577.

Wright, C., Nyberg, D., 2017. An inconvenient truth: how organizations translate climate
change into business as usual. Acad. Manag. J. 60, 1633-1661.

Zhong, M., Bazilian, M.D., 2018. Contours of the energy transition: investment by
international oil and gas companies in renewable energy. Electr. J. 31, 82-91.


http://refhub.elsevier.com/S0301-4215(23)00347-6/sref1
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref1
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref2
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref2
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref3
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref3
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref3
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref4
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref4
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref5
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref5
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref6
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref6
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref7
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref7
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref8
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref8
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref9
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref9
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref10
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref10
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref11
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref11
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref12
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref12
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref13
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref13
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref14
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref14
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref14
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref15
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref15
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref15
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref16
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref16
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref17
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref17
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref18
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref18
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref19
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref19
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref20
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref21
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref21
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref22
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref23
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref23
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref24
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref25
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref25
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref25
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref26
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref26
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref27
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref27
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref28
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref28
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref29
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref29
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref30
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref30
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref30
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref31
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref32
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref32
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref32
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref33
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref33
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref34
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref34
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref35
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref35
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref35
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref36
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref36
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref37
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref37
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref38
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref38
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref39
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref39
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref40
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref40
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref41
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref42
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref42
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref43
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref43
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref44
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref44
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref45
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref45
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref46
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref47
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref47
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref47
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref48
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref48
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref49
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref49
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref50
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref50
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref51
http://refhub.elsevier.com/S0301-4215(23)00347-6/sref51

	Big oil and the energy transition: Evidence from M&A
	1 Introduction
	2 Review and methodology
	2.1 The strategic motivations of IOCs
	2.2 Defining an IOC
	2.3 Transaction preferences in M&A
	2.4 Methodology

	3 M&A transaction analysis
	3.1 Data
	3.2 Testing distance measures for discrimination
	3.3 Statistical analysis
	3.4 Sector and core/non-core transaction categorization
	3.5 Economic model – sensitivities
	3.6 Discussion

	4 Conclusions and policy implications
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Appendix A Economic Model
	A.1 Introduction
	A.2 Setting up the model
	A.4 Urn Model with Discrete Innovation and Integration economics
	A.5 Fitting the model to the data

	Appendix B Sector categorization: core, non-core etc.
	Appendix C Supporting statistical analysis
	C.1 Distance coefficient regression using core/adjacent/non-core categorization
	C.2 Core/non-core regression
	C.3 High and low crude price volatility regression

	References


