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ARTICLE INFO ABSTRACT

Keywords: The petrochemicals industry (mainly plastics and fertilizer production) is expanding, despite increasing attention
Pf’thhemicals to the environmental impact of petrochemicals. In our paper, we explore the role public finance plays in the
Fi“a‘t‘ce petrochemicals industry. We do so by mapping the public and private financial flows into large-scale petro-
P as‘tl.cs chemical projects for the decade 2010-20 and discuss the role of public financial institutions for the development
Fertilizer . . . y . . . .

Climate change of the industry globally. Secondly, we provide a detailed analysis of the roles international and national public
Lock-in finance has played in enabling two prominent petrochemical projects: namely the Sadara plant in Saudi Arabia

and the Surgil plant in Uzbekistan. The cases are illustrative of the dynamics of state interest and involvement in
fossil fuel producing countries as well as of lending and guarantees from foreign export credit agencies (ECAs)
and development finance institutions, and how such public finance plays an important role in leveraging private
finance. Our findings show how public finance for petrochemicals is highly globalized and to a large degree
originates in developed countries. As petrochemical industrial infrastructures are designed to last decades, the
public finance thus strongly contributes to the carbon lock-in of the sector and limits the possibilities for low-

carbon investments needed to comply with the UN Paris Agreement.

1. Introduction

The global production of petrochemicals (plastics, nitrogen fertil-
izers, solvents etc.) continues to increase, made possible inter alia by a
continuous flow of financial capital for petrochemical plants and related
infrastructure. This persists despite increasing concerns about plastic
pollution and the climate impact of petrochemicals, as well as interna-
tional governance efforts to mitigate these negative impacts (Bond et al.,
2020). The workings of financial markets are increasingly highlighted as
a central issue for understanding the potential for transformations
aligned with global sustainability targets (Galaz et al., 2015) as is the
financial risk of investments in industries affected by such trans-
formations (Semieniuk et al., 2020). Most notably, the Paris Agreement
explicitly aims to make “finance flows consistent with a pathway to-
wards low greenhouse gas emissions and climate-resilient development”
(UNFCCC, 2015, art 2.1c). There is however still limited knowledge of
how and to which extent public finance is contributing to investments in
the fossil-fuel dependent and emissions-intensive petrochemicals sector.

The petrochemicals sector constitutes a hard-to-abate sector, which

often has been politically and academically overlooked in comparison to
the energy and transportation sectors (Ahman et al., 2017; Bataille et al.,
2018). Direct CO2 emissions from the petrochemical industry amounted
to 1,500 Mt (IEA 2018), making it the third most emitting industrial
sector. Apart from direct emissions associated with the production
processes there are also substantial emissions related to energy use
(Scope 2), extraction and processing of feedstocks (Scope 3 — Upstream),
as well as waste incineration after end-of-life for plastic products (Scope
3 — Downstream) (Cabernard et al. 2022; Bauer et al. 2023). Similar to
other hard-to-abate sectors such as steel or cement, it is characterized by
high capital costs, long investment cycles, thin profit margins and zero
or low-carbon technologies being in nascent states of development
(Wesseling et al., 2017). Consequently, investment in new carbon
intensive petrochemical production infrastructure will need to be scaled
down immediately and cease completely by 2030 if the sector is to reach
the target of a low-carbon economy by 2050 (IEA, 2021b).

The literature on financing of fossil fuel infrastructure has shown
that finance constitutes a key component of the lock-in of carbon-intense
production and consumption (Kim & Urpelainen, 2013; Newell, 2021;
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Rainforest Action Network et al., 2020). This literature has inter-alia
focused on the role of different kinds of public finance, including na-
tional level fossil fuel subsidies (Skovgaard & van Asselt, 2018; 2019), as
well as overseas development finance from multilateral (Hansen et al.,
2016; Steffen & Schmidt, 2019) and bilateral sources (Chen et al., 2021;
Hopewell, 2019). Such fossil fuel financing maintains fossil fuel in-
cumbency through keeping fossil fuel companies solvent and the wider
public tied into a fossil fuel based system of production (Newell, 2021, p
118-119). Finance can uphold this incumbency or accelerate its demise,
but while financing to fossil fuels outnumbers financing for renewable
energy, political attention has focused on increasing financing for
renewable energy and other low-carbon activities rather than diverting
finance away from carbon intense activities (Newell, 2021; Skovgaard &
van Asselt, 2019).

While the literature on public finance for fossil fuels has given us an
idea of its scope, importance and current trends, we do not have similar
knowledge for the petrochemical sector. Likewise, the small but growing
literature on the connection between petrochemicals and climate
change has focused on the growing share of global emissions coming
from this sector and providing techno-centric low-carbon scenarios. Few
have critically analysed the enabling role financial flows play in
enabling the expansion of fossil-based petrochemicals (but see CIEL,
2018; Tobin, 2012). This raises the question of what role public finance
plays for petrochemicals. In this article, we address this question and lay
the foundation for future research to explore this in further detail. We do
so first by mapping the public and private financial flows into large-scale
petrochemical projects for the period 2010-20 and discussing the role of
public finance on a macro level. Secondly, we provide a more detailed
analysis of the roles international and national public finance has in
enabling such projects, including from which kinds of institutions and
countries the finance originates. Our analysis includes two case studies
of prominent petrochemical projects that have received substantial in-
ternational and national public finance, namely the Sadara plant in
Saudi Arabia and the Surgil plant in Uzbekistan. The cases are illustra-
tive of the dynamics of state interest and involvement in fossil fuel
producing countries as well as public finance, and how such finance
plays an important role in leveraging private finance to make the
petrochemical infrastructure expansion possible. Furthermore, they
represent large petrochemical plants in Asia and the Middle East &
North Africa (MENA), the two largest recipients of petrochemical
finance.

The paper is organised as follows. Section 2 provides background to
the connections between the climate impact of petrochemicals produc-
tion and the particularly strong role the sector has in countries with
large fossil fuel resources. In section 3 we present the roles that different
types of financial institutions have for increasing the dependency on
fossil fuels and emissions intensive industrial activities. Section 4 pre-
sents the research design used for the analysis. The macro level analysis
of global financial flows is presented in section 5. Section 6 explores the
role of public finance in the two case studies. We conclude the paper
with a discussion of our findings that public support and finance
contribute to the lock-in of fossil fuels by supporting the expansion of the
petrochemicals sector, and place them in the wider context of making
(public) finance sustainable.

2. Petrochemicals — Expanding and carbon-intense

Petrochemicals denotes a diverse group of products mainly produced
from oil or gas, with a small share of global production being based on
coal (primarily in China). Plastics remains the single largest product
category from the petrochemical industry (Levi & Cullen, 2018) fol-
lowed by nitrogen fertilizers and a diverse group of solvents, explosives,
and other chemical products. Petrochemicals are ubiquitous and
intrinsic to current practices in agriculture, transportation, electronics,
and many other sectors. This is evident in the massive growth in demand
for petrochemicals, which has outpaced that of GDP growth, since the
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1970s (IEA, 2018) with an average annual growth rate of global sales of
7.5% from 2010 to 2019 (Cefic, 2021). A substantial continued growth is
expected, with forecasts indicating that global petrochemical capacity
could grow another 40% this decade, from 2,200 million tonnes per
annum (Mtpa) in 2020 to 3,100 Mtpa in 2030, primarily in Asia (India
and China) due to demand growth and in gas and oil producing regions
such as the former Soviet Union and MENA regions (Global Data, 2021).

The production of petrochemicals requires vast volumes of fossil
fuels. Roughly half of it is used as feedstocks, providing the molecules
which through chemical processes are turned into petrochemicals. The
other half is used as energy in the conversion processes. The petro-
chemical sector consumes an estimated 14% of global petroleum (oil)
and 8% of natural gas, and it has the highest primary energy demand of
all industries (IEA, 2020). Due to extensive economies of scale, chemical
plants have grown in size for decades, reaching the scale of “ultra-mega
plants” in the 2000s (Fertilizer International, 2011). Thus, new in-
vestments are very large, on the scale of billions of USD for a significant
expansion or a greenfield project. Firms in the industry have made re-
cord investments (Bauer & Fontenit, 2021), and as oil majors see the
sector becoming an increasingly important downstream market there
has been a strategic push for closer integration between oil and chem-
icals, exemplified by 2019 Saudi Aramco’s acquisition of a shareholder
majority in SABIC, at the time the fourth largest chemicals firm in the
world (Tullo, 2020).

Investment decisions in the petrochemical industry have impacts far
into the future: from the decision there is several years of design and
construction before a new plant is operational, and thereafter the life-
time of key equipment and infrastructure is several decades (Erickson
et al., 2015). In this way investments in new fossil-based production
locks in future production and emissions for decades. Accessing capital
willing to invest in fossil-dependent and emissions intensive technolo-
gies and infrastructures is thus a necessity for the industry to materialize
its expected growth. Investments until 2030 are estimated to total more
than 300 billion USD (Global Data, 2021). Low-carbon process alter-
natives addressing both direct emissions from the energy use and feed-
stock (e.g. electrifying steam crackers and using recycled feedstocks or
captured carbon) do exist for key petrochemicals, but are dependent on
scale-up of new technologies (IEA, 2020; 2021a). Green hydrogen is
identified as a cornerstone of a low-carbon transformation of the in-
dustry (e.g. for green ammonia) together with the use of captured car-
bon (CCU) - but both are processes which require enormous volumes of
renewable electricity to be viable as transformative solutions (Katelhon
et al. 2019). Bio-based chemical production is another emerging
pathway, although the competition from other uses of bio-based mate-
rial such as biofuels limits the extent to which the chemical industry can
make use of available bioresources. A priority for a low-carbon devel-
opment of the industry is also the transition to renewable electricity as
main energy carrier, but commitments to this remain few in the industry
(Bauer et al. 2022a). Alternative pathways for reducing the climate
impact of the industry and its products are reducing demand for plastics
and improving their circularity to reduce virgin production. The
development of these pathways do however meet many barriers as they
contradict market logics institutionalized in the industry, require new
habits among end consumers now accustomed to cheap synthetic ma-
terials in all kinds of products, and are still not strongly supported by
policy and governance regimes that remain weak and fragmented (Bauer
et al., 2022b).

3. Finance as an enabler of lock-in

While finance plays a role in the lock-in of the petrochemical sector,
this finance remains understudied compared to the role of finance for
fossil fuels. Yet, there are several overlaps and similarities between
finance for fossil fuels and petrochemicals, making it worthwhile to
draw on the experiences from finance for fossil fuels. Concerning over-
laps, if finance lowers the price of fossil fuels, e.g. through subsidies for
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fossil fuel extraction, it indirectly lowers the cost of producing petro-
chemicals from these fossil fuels. In terms of similarities, in both cases
sustainability requires moving beyond the current carbon-intensive
modes of production and consumption. Financing for these modes is
one of the factors that keeps them locked-in, both because of the infra-
structure financed remains in place for decades and because it empowers
actors interested in maintaining these carbon-intensive modes of pro-
duction and consumption (Bernstein & Hoffmann, 2019). Scholars have
demonstrated how lock-in at different levels and sectors reinforce each
other, with financing of carbon-intense infrastructures supporting
carbon-intense and unsustainable consumption (Erickson et al., 2015;
Seto et al., 2016). A substantial share of recent investments in petro-
chemicals has been driven by the desire to avoid the transition risks
facing fossil fuel investments due to the expected decrease in demand for
fossil fuels for electricity and transportation (Fattouh & Sen, 2021;
Goldthau & Westphal, 2019; van de Graaf & Bradshaw, 2018). Yet, the
investments in petrochemical infrastructure explored in this paper could
become stranded assets in case that regulation reduces demand for
petrochemical products such as fertilizers, or if market and technolog-
ical developments favour low-carbon plastics, thus making fossil based
petrochemical production obsolete. Thus, while the investments studied
here may intend to limit transition risks, they are also subject to such
risks themselves (see e.g. Campiglio et al, 2018 on transition risks).

Due to differences in political contexts, we distinguish between the
different types of financiers on the basis of whether they are public or
private and whether they are national or international (see Table 1
below). Starting with public and private financiers, following the
approach of the Multilateral Development Banks (MDBs), we define
public and private financiers in terms of whether they are respectively
established “to benefit or promote a specific national interest” or “(a)
carrying out or established for business purposes and (b) financially and
managerially autonomous from nationals or local government” (World
Bank, 2018: 3). In some cases it is difficult to draw a sharp line between
the two, and unlike the MDBs we group Sovereign Wealth Funds with
the public financiers due to their close ties to “their” states.

We draw on literature on development finance and renewable energy
finance to identify how public finance can influence the overall finance
for a project. Generally, public finance intends to increase the amount of
private finance, an effect referred to as mobilizing, leveraging and
catalyzing, and which is well-established in the cases of national, bi- and
multilateral development banks as well as ECAs (Zhang 2022; Deleidi et
al 2021; Steffen & Schmidt, 2019; Hopewell, 2019; Geddes et al, 2018;
de Nevers, 2017; Griffiths, 2012; Hainz and Kleimeister 2012). Such
leveraging can take place directly through bringing the “risk-adjusted

Table 1
Typology of financiers and the main financial instruments they provide.
National International
Public National development banks Export credit agencies;
(credit, fixed income, (guarantees, credit, fixed income)
guarantees) Multilateral development banks

State-owned companies —
operating nationally
(equity)

Sovereign Wealth Funds —
operating nationally
(equity)

(grants, (often concessional) credit,
guarantees, in rare cases equity)
Bilateral development agencies
(grants, (often concessional) credit,
guarantees, in rare cases equity)
State-owned companies — operating
internationally

(equity)

Sovereign Wealth Funds — operating
internationally

(equity)
Private  Privately owned banks Privately owned banks
(credit) (credit)
Petrochemical companies Petrochemical companies
(equity) (equity)
Fossil fuel companies Fossil fuel companies
(equity) (equity)
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rate of return on investment in line with the market, increasing the
allure of the investment from a private commercial investor perspective”
(Attridge & Engen, 2019, p 26). In this way, they can attract more pri-
vate finance to projects that otherwise would leave private financiers
hesitant due to long time-horizons for return on the investment or
insecure political and economic climates in the country of investment
(Hopewell, 2019). This can be done through loan guarantees, raising
finance on the financial market relying on the credit rating of a bilateral
or multilateral institution, or through grants or concessional loans from
international development institutions (International Financial Consul-
ting, 2019). Leveraging from public financiers can also be indirect
through sending a signal to private financiers that the project meets their
standards or is less exposed to political risk stemming from government
policy, since governments are either involved or, in the case of MDBs,
fear antagonising the public financiers (Hainz & Kleimeister, 2012).

Here, we distinguish between national and international financiers
based on whether they reside in the same country as a given project.
National public financiers include National Development Banks estab-
lished to support domestic industrial development, state-owned com-
panies e.g., within the fossil fuel or petrochemical sectors, and Sovereign
Wealth Funds, particularly prominent in fossil fuel producing countries.
International public financiers include ECAs created to facilitate exports
of domestic goods and technologies, alongside multilateral and bilateral
development banks with general mandates to support growth and
development. Some public financiers (particularly Sovereign Wealth
Funds and state-owned companies) may in the case of one project
constitute a national financier and in others an international one. Private
financiers are rather similar irrespectively of whether they are national
or international as they commonly operate across borders.

The types of financiers given in Table 1 provide different kinds of
capital and supporting financial instruments, some of them providing
several kinds. We have identified the most important (for the purpose of
this paper) kinds of capital and instruments on the basis of existing
literature (see e.g. UNFCCC Standing Committee on Finance, 2022;
Hopewell, 2019; Geddes et al, 2018; Hainz and Kleimeister 2012). Given
that our focus is on public finance directed at petrochemical projects, we
do not include finance that may indirectly affect such projects, such as
production subsidies for oil and gas or agricultural subsidies for fertil-
izers. Whereas (state-owned and private) companies (excluding banks)
mainly provide equity, (national, multi- and bilateral) development in-
stitutions provide loans and guarantees (including insurance) that
reduce the risk of private loans and equity, and ECAs and export-import
banks provide guarantees and loans. Concessional loans are loans with
terms that are more favorable than the market terms, e.g. lower interest
rates, longer maturities, grace periods, etc.

As feedstock costs constitute the most important part of petro-
chemical production costs, the development of new petrochemical
projects is often located in regions with access to low cost fossil fuels and
feedstock. Commonly, projects are developed in the form of joint ven-
tures between local actors with access to the local market and the fossil
resources and one or several of the globally leading petrochemical firms,
supplying technologies and licenses (Clews, 2016). Some of the capital
for project development is supplied through equity shares in the new
firm but as these projects are commonly very expensive, additional
capital is acquired on international capital markets. Such capital can be
direct loans from commercial banks as well as development banks but is
often also raised through the issuance of fixed income instruments such
as corporate bonds which are paid back over a decade or longer.

There are considerable motivations for oil and gas producing states
and their national development banks to support investments in petro-
chemicals to ensure economic growth and development. The above-
mentioned expected decline in demand for oil and gas, driven by
climate policy and shifting consumer preferences (IEA 2018) motivates
the downstream investment by such states into petrochemicals as a
means to capture a larger part of the value chain, to create much desired
domestic jobs, and to “lock in” future demand for both oil and gas
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(Goldthau & Westphal, 2019; van de Graaf & Bradshaw, 2018).

Lately, an emerging awareness of sustainability issues within the
financial sector has seen a flow of initiatives to discourage, or outright
ban, support to coal, oil and gas (ICC, 2021). While several ECAs and
MDBs in the past five years have withdrawn from financing exploration
of coal mines, new oil exploration, and unconventional gas; yet petro-
chemicals remain supported by these institutions.

4. Research design

To study public and private finance for petrochemicals, we created a
dataset of global finance flows for petrochemical infrastructure in-
vestments over the last decade. We also provide two case studies that
explore the various roles that transnational public involvement can play
in major infrastructure projects in the industry.

The dataset maps investments in petrochemical projects that have
had a project capital expenditure (CAPEX) above a threshold of $1
billion USD between the dates of January 1, 2010 and December 31,
2020. For further insight on finance flows within the petrochemical
industry in the Covid era up until mid-2021, see Barrowclough & Finkill
(2021).

The minimum threshold of $1 billion was adopted to focus on major
petrochemical projects that often require external forms of financing to
proceed. The decade long timeframe from 2010 to 2020 was chosen to
provide a substantial overview of petrochemical project financing across
an era which has borne witness to ramped up climate ambition across
the finance industry, especially in the wake of the landmark Paris
Agreement in 2015, and because these large projects are often financed
by several investment decisions that can be announced years apart. Our
data has been derived from the IJ Global database, the largest global
database of financial transactions for infrastructure. IJ Global may miss
some transactions due to lack of transparency, reporting inadequacies,
but focusing on large projects minimizes this risk. Loan guarantees, not
constituting a flow of finance but rather used as an instrument
leveraging such (private) finance, are not included in this part of the
analysis.

We identified 58 projects that matched our criteria. In order to be
eligible for assessment, the projects had to have reached a stage of
financial closing’ and not be cancelled after financing had been
confirmed. One case was removed from the data analysis for this reason,
leaving 57 projects to disaggregate financing for. These cases had a
capital expenditure (used to buy, maintain, or improve fixed assets, such
as infrastructure or buildings) value ranging from $1 billion to $20
billion, averaging $4.1 billion and with a median of $2.5 billion. At the
time of writing, these projects range from being in pre-development
stage, under construction, or already operating at commercial scale.

Following our analysis of global finance flows in this era, we selected
two cases that exemplify the important role that public finance can play
in realizing major petrochemical infrastructural projects. The cases were
selected as they illustrate how both national and international public
finance is integrated with private interests and capital to create new
fossil infrastructure. The cases are thus not representative of the full
sample. The cases are based in the two regions where the industry is
currently expanding most and that receive the highest amount of global
financing for petrochemical infrastructure, as the global analysis shows.
Importantly, unlike our global mapping, the case studies include loan
guarantees, e.g. from ECAs.

The first case study is the Sadara Petrochemical Complex, situated in
Al-Jubail, Saudi Arabia. Sadara is one of 18 projects from the MENA
region in the dataset, where Saudi Arabia stands out with 10 projects.
With its $20 billion investment Sadara is the largest project in the
sample, one of six projects with a CAPEX of $10 billion or higher, and

1 The event in which the debt financing procurement has been completed and
contracts have been signed.
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thus constitutes an extreme case. Sadara directly links public and private
interests from different continents through its structure as a joint ven-
ture and was record-breaking as it was the largest petrochemical com-
plex to be built in a single phase (Singh, 2020). The second case study is
the Surgil Petrochemical and Natural Gas Complex located in the Usyurt
region of Uzbekistan, one of 20 projects in Asia Pacific and very close to
the average size in the dataset. The Surgil project connects the con-
struction of a petrochemical complex to the development of the Surgil
gas field through its combination of gas processing and petrochemicals
production. The case thus shows how petrochemicals are becoming a
fully integrated part of strategic planning for maximising the economic
value of fossil fuel resources. The case provides insights into de-
velopments in Central Asia, an often overlooked part of a continent that
is likely to continue investing in oil, gas and chemicals, as well as how
public financial institutions from non-Western countries are also deeply
investing in petrochemicals. Taken together the cases thus illustrate
investment dynamics in a mature as well as an emerging petrochemical
hub, which both rely on international public finance to support their
growth.

5. An overview of petrochemical finance flows

A total of $238 billion has been provided for the 57 projects studied
between 2010 and 2020, of which public finance accounts for about
14% of the total, as illustrated in the Sankey diagram (Fig. 1) below.
However, this does not account for the way in which public finance may
influence the amounts of private finance invested, as discussed in section
3 and explored in the two case studies. Specifically, public financing
may be utilized in the initiation of large-scale petrochemical plants and
complexes. We tracked public financing arising from national develop-
ment banks, MDBs, ECAs and sovereign wealth funds. There were also a
few examples of commercial banks making up sections of project
financing as part of private consortiums with publicly owned finance
initiatives as majority shareholders, but still fall under the label of pri-
vate as recognized by IJ Global, something which is highlighted in the
case studies featured below. Public financing was detected in 26 of 57
the assessed projects (45%), covering an average 26% of the investment
in the projects with public finance involvement. In geographical terms,
there was public finance in all regions, ranging from 7% of all finance in
North America to 17% in MENA and sub-Saharan Africa. While it was
not possible to study to which degree public finance leveraged private
finance in all (or even a majority) of the studied projects, we found
examples of such leverage in all regions except Latin America. For
instance the South Korean government guaranteed 80% of the $1.56
billion debt for a greenfield plant in Singapore (Kan, 2011), and gua-
rantees and loans from the ECAs and MDBs leveraged loans from ten
commercial banks in the case of a similar plant in Mexico” (Braskem,
2012).

Clearly visible in Fig. 1 is the concentration of production situated in
the Asia Pacific (covering Asia and the Pacific) and MENA regions with
20 and 18 projects respectively. These regions account for all brownfield
projects and 75% of all greenfield projects. The Asia Pacific region
received 40% of all finance, making it the largest recipient region, and
constituting an underlying factor (together with e.g., increased demand)
behind the region’s substantial marine littering and plastic pollution
(Kapinga & Chung, 2020; Marks et al., 2020). The MENA region
received almost $22.5 billion of financing from public coffers, from a
mixture of state-owned enterprises in the surrounding region and
notably from public finance institutions (PFIs) from further afield;
exemplified by the role of the US Export-Import Bank and others in the
Sadara case study (Table 2). Europe and North America have received
less finance, corresponding to their lower growth in production (Geng

2 We follow 1J Global’s classification as Mexico as belonging to North
America rather than Latin America.
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Asia Pacific: $95.681bn

Europe: $14.279bn
Private: $205.059bn

Latin America: $6.812bn

Middle East & North Africa: $85.150bn

Public: $33.424bn I

\

North America: $21.528bn

Sub-Saharan Africa: $1 5.03§bn

Locality of
Production

Source of Financing
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Fertiliser: $22.515bn I

N\

\

Plastics: $65.519bn

/

Plastics/Mixed: $99.582bn

anding |elasel [euly

Greenfield: $213.389bn

Other: $50.621bn

Type of
Infrastructural
Project

Fig. 1. Finance flows to petrochemicals projects with a CAPEX above $1 billion between 2010 and 2020. Source: Data derived from 1J Global database. All
geographical, types of project, and final material outputs are defined by the classifications used in the 1J Global database. Authors’ own calculations.

et al., 2019). Yet, a substantial share of global petrochemicals finance
emanates from these regions, and much of this finance flows into new
petrochemical projects outside of their borders (Barrowclough & Finkill,
2021), specifically in the MENA and Asia Pacific regions. This illustrates
the global character of petrochemical finance. (Table 2, 3, 4 and 5).

Across all regions, the major projects were most closely linked to
plastics production or their immediate chemical feedstocks, with 69% of
the total financing being split amongst 30 complexes that had plastics
including key derivatives and feedstocks as their primary output, with
an average project value of $5.5 billion. Importantly, greenfield in-
vestments account for 90 percent of the investment, indicating that the
finance will lock in petrochemical production for decades.

New fertilizer production is small in comparison, but 11 projects
were directly related to increasing fertilizer production to meet
increased demand across the regions (FAO, 2017). The output labelled
as ‘other’ refers to all other petrochemical outputs that could not be
connected to plastics or fertilizer, the production of solvents, industrial
acids and methanol for example.

Beyond the public finance identified in Fig. 1, the petrochemical
industry has for long been closely linked to strategic state interests,
constituting an entanglement between public and private interests that
can enhance public finance for petrochemicals. Although Western gov-
ernments in the 1990s started to publicly list their state-owned petro-
chemical companies, in many cases they still hold significant ownership
positions. 18 of the operating companies involved in the 57 transactions
detailed in Fig. 1, are featured in the C&EN List of Top-50 Petrochemical
Companies (by chemical sales) in 2021 (Tullo, 2021). Four of these
companies Braskem (Brazil), Sinopec (China), Saudi Aramco/SABIC
(Saudia Arabia), Sasol (South Africa) have a state ownership of greater
than 15%, the state being the major equity owner in each case. While

state equity holdings are a small proportion of total equity for the
petrochemical companies, the numbers are substantial: for the
mentioned top 50 petrochemical companies, state holdings are worth
around $179 billion (close to the GDP of New Zealand). Private equity
owners are represented more evenly across all the companies (Market-
Screener, 2022). Even when governments are not directly involved,
states are often indirectly involved through their sovereign wealth funds
and public pension funds with equity holdings. This is the case for the
funds of states such as South Korea, Sweden, and Thailand which hold
equity investments in several petrochemical companies. Most notably
the Norwegian state has equity holdings in just over half of the top 50
petrochemical companies, through its state pension funds. Even if a state
only holds a few percent of the total equity, this adds legitimacy to the
company and means that the state has an interest in the financial per-
formance of the company (Fernandes, 2014). These connections can also
constitute informal channels for company influence.

Beyond state-ownership, the ECAs and development banks — as dis-
cussed in section 3 — provide essential financial support and a degree of
risk reduction (and arguably also legitimacy) for large-scale infra-
structural projects, especially in developing or emerging economies,
despite making up a relatively small proportion of the overall funding
(Humphrey, 2018). In this way, they can leverage the amounts of private
finance invested, e.g. as part of a wider industrialization strategy such as
China’s Belt and Road initiative (Chan, 2018).

6. The role of public funding for petrochemical expansion
In this section we turn to the cases of Sadara in Saudi Arabia and

Surgil in Uzbekistan to illustrate how public funding in the petro-
chemical industry can materialize into new petrochemical complexes.
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These case studies include the public finance included in the analysis
above (loans and equity), as well as export credits. As discussed in
Section 3, these credits reduce the risks associated with export of tech-
nical expertise and technology.

The investments in the two case studies are driven by both fossil fuel
companies and producer economies as a diversification strategy to move
up the value chain and get more revenue from their fossil resources
(Ahman, 2021; Halff & Mills, 2021; Yamada, 2011). Furthermore, as
highlighted in Section3, investing in petrochemical production is a
strategy to secure future demand for oil and gas in the light of expected
lower global demand (Halff & Mills, 2021; Yamada, 2011).

6.1. Case Study: Sadara (Saudi Arabia)

Saudia Arabia is highly dependent on oil rents and has the worlds
largest reserves of easily accessible oil. In 2019, oil rents represented
24% of Saudi Arabia’s GDP (World Bank, 2022). However, the oil rents
contribution has fluctuated strongly from 50% down to 20% of GDP the
past 10 years depending on the oil prices. Saudi Arabias dependency on
oil revenues is a major problem with oil revenues potentially deterio-
rating due to “peak demand” and associated lower prices on the global
market (Fattouh & Sen, 2021). The need to diversify and find a
replacement industry that “exceeds the loss of revenue from oil export”
(Kingdom of Saudi Arabia, 2015) is well recognised in Saudi Arabian
long-term plans. The long-term plan “Vision 2030” emphasizes eco-
nomic diversification including the development of the petrochemical
sector. The ongoing Saudi transformation necessitates both economic
and political change (Krane 2021, Fattouh and Sen 2021). Saudi Ara-
bia’s efforts to move into petrochemicals with the Sadara joint venture
with Dow chemicals are part of this diversification strategy. Together
with downstream investments in both foreign refineries and end users,
Sadara is part of the strategy to lock in demand for Saudi Arabian oil and
limit transition risks (Krane 2021).

The Sadara project is a joint 65/35% effort by the state-owned oil
company Saudi Aramco and US-based Dow Chemical Company,
providing respectively $4.39 and $2.37 billion. Saudi Aramco is
completely controlled by the Saudi state. The project was approved in
2011 and is operational across some facilities and received refinancing
for the project debt in February 2021 to enable further facilities to
become operational (Global, 2022). The complex, which when
completed will include 26 manufacturing units, a mixed-feed steam
cracker and an aromatics plant, will constitute the largest petrochemical
facility ever built in a single phase, as most petrochemical complexes are
constructed across an extended timeframe with multiple expansions.
The project is located in the Jubail Industrial City II in eastern Saudi
Arabia. Output will be dominated by value-added chemicals, as well as
plastics for use in the energy, transportation, construction, electrical,
and electronics sectors (Global, 2022). The facility is capable of pro-
ducing 1.5 million metric tons of ethylene and 400,000 metric tons of
propylene per year. The ethylene and propylene will serve as feedstock
for multiple downstream production lines, producing materials that can
later end up in market segments such as plastic packaging, textiles or
toys.

Beyond the funds invested by Saudi Aramco and Dow, finance
(outlined in Table 2 below) also includes a $1.3 billion injection from
Saudi Arabia’s own Public Investment Fund. The Saudi Public Invest-
ment Fund (PIF) has the aim to be the “leading catalyst for Vision 2030,
Saudi Arabia’s economic transformation program” (PIF, 2022). There
was a $220 million direct loan with the multilateral Islamic Develop-
ment Bank (IDB), $169 million of combined public money stemming
from the development banks of Canada and Germany. A striking $5
billion of direct financing stemmed from the US Export-Import Bank
(Global, 2022). ECAs were also providing guarantees for debt financing
to the tune of $2bn (ibid). Table 2 and 3 below disaggregates the
financing by each individual form of financier. Specifically connected to
the project, but not included in the table below there was a $2 billion
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Sukuk bond issuance by Saudi Aramco. It was simultaneously listed
alongside a private consortium of commercial banks that mustered $1.8
billion between them. Petrochemical companies issue bonds without
specifying in the prospectus whether they will fund a particular project,
although this is often the case. Therefore, it is very likely that there is a
larger share of the Sadara financing that stems indirectly from such
bonds than what we have identified.

Despite the immense wealth of the Saudi Public Investment Fund,
Saudi Aramco®, and Dow, this project still obtained a sizeable interna-
tional public finance injection from overseas, through which interna-
tional public finance reduced risks for private actors, in the case of
bilateral institutions from their own countries that put forward their
patented technology as well as technical knowhow during the facilities’
construction and operations (Oramah, 2020). The $5 billion loan from
the US Export-Import Bank is described as the largest in the bank’s
history (U.S. EXIM Bank, 2013), as well as the largest in the Saudi
petrochemical industry (DOW, 2017). The US EXIM Bank (2012) justi-
fied the loan with reference to that the entire Sadara project would
support approximately 18,400 American jobs, across 70 private US-
based exporters that are providing technical expertise, equipment, and
services during the complex’s construction and operation. The financial
backing of Germany’s KfW paved the way for major German exporters
such as ThyssenKrupp and Siemens to be involved in the project (KfW
IPEX-Bank, 2013) as well as numerous medium-large size enterprises.
The role of public finance vis-a-vis private finance is also evident in some
of the loan underwriters stemming from non-MENA PFIs, such as Canada
(EDC, 2013) and the UK (UK Export Finance, 2013). These loan gua-
rantees allowed a consortium of private banks to provide financing with
significantly less risk than would have otherwise been the case, as
exemplified in the journal Global Trade Review; “Given the stability and
reputations of the sponsors, it was unlikely that Sadara would ever have
had great difficulty attracting commercial debt.” (Bermingham, 2015).
Altogether, while we cannot say how much private finance the public
finance leveraged, it was intended and perceived as facilitating
increased private finance.

This entanglement of different public and private sources of finance
underscores the importance of public finance for private finance but also
that public finance was not driven by the particular context in oil and gas
producing countries or regions. Rather, there are 3 PFIs not situated in
the MENA region that are providing direct financing as well as 5 non-
MENA countries providing loan guarantees via ECAs, and the public
finance comes from countries including from 5 of the G7 countries and 7
out of 19 countries in the G20. These international PFIs ignored inter-
national safeguards when it came to the Sadara project: In 2015, the
OECD found that the project adhered to none of World Bank’s Safeguard
Policies and Performance Standards, which are usually used to assess
Export Credits and Credit Guarantees (OECD, 2016 pp.41-42). These
safeguards cover the following areas; Environmental Assessment, Nat-
ural Habitats, Pest Management, Indigenous People, Physical Cultural
Resources, Involuntary Resettlement, Forests, Safety of Dams, Interna-
tional Waterways, Disputed Areas (OECD, 2016; World Bank, 2016).

6.2. Case Study: Surgil (Uzbekistan)

Uzbekistan has an economy dependent on export of natural resources
such as cotton (the world’s largest exporter), oil and gas. The gas re-
serves are minor compared to neighbouring Turkmenistan and
Kazakhstan and the gas production has been stable for the past 10 years.
The gas rents contribution to the GDP has fluctuated between 2 and 10%
the past 10 years depending on gas prices (World Bank, 2022). During
former President Karimov’s tenure, the economy was a state-led autar-
chic economy led by a number of large capital-intensive state-owned
companies (Pirani, 2019). After his death in 2016, his successor,

3 The parent company of chemical subsidiary SABIC.
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Table 2
Financial support for the Sadara project.
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State Financing Quantity ($m) Private Financing

Quantity ($m)  Loan Guarantees Quantity ($m)

Saudi Public Investment Fund 1,300 Abu Dhabi Commercial Bank* 220 K-Exim (Korea) 80

Islamic Development Bank 220 Arab National Bank* 220 K-Sure (Korea) 500

US EXIM 5,000 Banque Saudi Fransi*** 220 Hermes (Germany) 425

Export Development Canada 84.62 SABB 220 UKEF (United Kingdom) 700

KfW (Germany) 84.62 Citigroup 84.62 Instituto de Credito Oficial (Spain) 225

*Abu Dhabi Commercial Bank is 60% owned by state-owned  Credit Agricole Group 84.62 Groupe BPCE (French private ECA) 70
Abu Dhabi Investment Council.

**Arab National Bank [based in Saudi Arabia] is 40% owned  Barclays 84.62 Equity Owners Percentage
by the Arab Bank Group, a Jordanian bank which has BNP Paribas 84.62 Saudi Aramco 65%
17.2% held by the national social security corporation. Goldman Sachs 84.62 Dow 35%
***Banque Saudi Fransi is 16.2% held by Kingdom HSBC 84.62
Holding Co. Unclear if directly linked to Saudi royalty or ~ JP Morgan 84.62
not. Mizuho Financial Group 84.62

MUFG Bank 84.62
Standard Chartered Bank 84.62
Sumitomo Mitsui Banking Corporation  84.62

Table 3

Summary of direct financial support for the Sadara project, by type ($m).
$m National International
Public 1,300 5,389
Private 660 1,151

president Mirzioyev, has tried to open up the economy and thus allowed
foreign companies to make investments in the gas sector (ibid). Most of
the gas (2/3"%) is consumed at low prices domestically and the rest is
exported mainly to Russia and China via pipelines. The investments in
petrochemicals will allow Uzbekistan to create more value out of the
slowly dwindling gas resources and can also be seen as a part of the
donor supported development strategy of Uzbekistan to liberalise the
economy and allowing more foreign investments®. These investments
are emblematic of a wider global transition to high-value chemical
production by oil and gas extractors, made possible by using less fuel for
transport fuels and energy production.

The Surgil gas and chemical project is worth approximately $4
billion and can annually process 4.5 billion cubic meters of natural gas
and produce 3.7 billion cubic meters of marketable gas, 387 thousand
tons of polyethylene, 83 thousand tons of polypropylene (key plastics),
as well as many other valuable petrochemical-derived products (Man-
zurova, 2016). The equity of $1.4 billion for the project is split between
four companies, Korea-based STX (5%), Germany-based Lotte Chemical
Corporation (17.5%), Korea-based Korea Gas Corporation (17.5%), and
the domestic, fully state-owned Uzbekneftegaz (50%). The general
announcement tendering external financing began in 2009, the Asian
Development Bank signed on in January 2012, with financing closing of
the project occurring in late 2013 (Global, 2022).

Beyond equity, the financing for the project is 52% provided by PFIs,
mostly based in the Asia Pacific region, with 34% of the debt financing
underwritten by state managed ECAs. Financial closing for the project
was confirmed in May 2012. Table 4 and 5 disaggregates the financing
by each individual form of financier.

Surgil has a similar involvement of ECAs as in the Sadara case, but
the financing of this Uzbek project also includes a heavy direct
involvement from multi-lateral and national development banks.
Korean PFIs lead the way in both direct financing and loan guarantees,
unsurprising given that 3 of the 4 owners of the Surgil gas and petro-
chemical complex are Korean companies, Korea Gas Corporation,
Honam Petrochemical, and STX Energy (1J Global, 2012; Reuters, 2012).
The development of the Surgil complex began six years after the then

4 The Strategy of Actions on Five Priority Areas of Development of the Re-
public of Uzbekistan for 2017-2021 (reforms.uz).

South Korean President Roh Moo-hyun signed an agreement with former
Uzbek President Islam Karimov allowing for joint exploration and
development of oil and gas fields in the region (Watkins, 2006). The
$125 million from the ADB and the $250 million from the CDB is
indicative of Asian investment in the region, helping the country to
diversify the dominant gas industry (Raimondi, 2019). ADB views the
Surgil project as adding “incremental economic value to Uzbekistan’s
natural gas resources, enabling higher value products to be manufac-
tured and exported”(ADB, 2021).

As it was the case with Sadara, the public finance for the Surgil
project comes from a range of sources, including countries typically seen
as green on the world stage (Sweden, Germany), as well as an MDB, the
Asian Development Bank. The ADB has committed to climate mitigation
in recent publications, but they have also continued to finance fossil fuel
projects despite this commitment (Delina, 2017). The stated intention
behind involving the ADB was for it to act “as an anchor lender and
catalyze commercial banks to finance the Surgil Gas Chemicals Project”
together with the Export-Import Bank of Korea and the Korea Trade
Insurance Corporation that “also played key roles in the term sheet ne-
gotiations and due diligence*“ (ADB 2011).

The social impact or environmental safeguards report that many PFIs
write prior to getting involved in a project did not prevent their
involvement. In none of the assessed PFI environmental safeguards were
any provisions found on making the petrochemical production process
low-carbon. In ADB’s ‘Social Safeguards Report’ on the project (2012),
there is not a single mentioning of the words “emissions” nor “climate”
(ADB, 2012). Likewise, the Swedish EKN’s Non-Technical Summary
(VolumeI, 2011 pp.19-30), mentions both Volatile Organic Compounds
and GHG emissions several times, but the risk of impact is consistently
deemed “insignificant” or “not applicable”, and generally considers the
project to be in line with international guidelines and protocols in regard
to best practices, citing the Kyoto Protocol nine times (ibid). Sweden as
well as Germany have consistently committed themselves both domes-
tically and internationally to climate leadership and the low-carbon
transition (Hildingsson & Khan, 2015; Otteni & Weisskircher, 2021),
but their treatment of the safeguards appear to reflect industry and
export interests rather than these commitments.

7. Discussion

Our analysis shows that the entanglement of private and public
finance is truly global. In the two case studies, public financial in-
stitutions from 5 countries in the G7 and 7 out of 19 countries in the G20,
supported the investments. Furthermore, public finance from countries
long committed to the low-carbon transition (Germany, Sweden, the
Netherlands) was deeply involved. The case studies show that wider
political and economic structures were important for providing public
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Table 4
Summary of financial support for the Surgil project (IJ Global & AIDDATA).
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State Financing Quantity ($m)  Private Financing Quantity ($m)  Loan Guarantees Quantity ($m)
Export-Import Bank of Korea 700 ING Group 160 KSure (Korea) 800
Asian Development Bank 125 Credit Suisse 75 K-Exim (Korea) 300
Korea Finance Corporation 500 Siemens Financial Services 75 EKN (Sweden) 140
Korea Development Bank 300 BayernLB* 70 Hermes (Germany) 124
China Development Bank 250 Nordea 60 Equity Owners Percentage
National Bank of Uzbekistan 100 Lotte Chemical Corporation  17.50%
*Bayern LB is 75% owned by the State of Bavaria, Germany SK Group 5%
Korea Gas Corporation 17.50%
Uzbekneftegaz 50%
LG Corporation 5%
STX 5%
carbon to low-carbon. Both the high and low-carbon pathways require
Table 5 . . . . . substantial amounts of finance, which is why redirecting finance from
Summary of direct financial support for the Surgil project, by type ($m). the former to the latter within the next decade will be essential to avoid
$m National International further lock-in. Considering that some petrochemical products (from
Public 100 1,999 windmill blades to cables) serve purposes with no alternatives, it is
Private 0 440 better to adopt conditionalities and safeguards for public (and ideally

support both in the countries in which the infrastructure is built (state-
ownership, national state banks providing capital) and in the countries
that provided technical knowhow and engineering expertise (e.g. ECA
financial support that is intended for supporting export-oriented in-
dustry). While the two case studies are both located in oil and gas pro-
ducing countries and hence not representative of all countries with
petrochemical infrastructure, they reveal important insights into the
global public and private sources of petrochemical finance and how
national political contexts have been conducive for investments that
exacerbate carbon lock-in. The outlook for the future of the industry
indicates that capacity growth is focused within a few key regions
(mainly Asia and MENA) with a large proportion of the planned
expansion taking place in oil and gas producing countries, where the
political context is favorable, such as Iran, Nigeria, and Saudi Arabia
(Global Data, 2021). The global nature of finance makes it highly likely
that finance will flow to the countries with the most political support for
petrochemicals, although this is ultimately a question for future
research.

Given that virtually all states have signed the Paris Agreement, they
have committed to make “finance flows consistent with a pathway to-
wards low greenhouse gas emissions and climate-resilient development”
(UNFCCC, 2015, art 2.1c). So far, these efforts have focused on in-
vestments in fossil fuels, especially divesting from new coal, gas and oil
extraction, rather than downstream fossil fuel dependent industries such
as petrochemicals.

Our analysis shows that this is reflected in how financing of petro-
chemical projects is largely disconnected from the ambitions of the Paris
Agreement, as evident in how several PFIs that have committed to divest
from fossil fuels, or face pressure to do so, have invested in petro-
chemicals without much scrutiny. Given the global nature of petro-
chemicals finance, there is a need for global governance of such
(particularly public) finance. These global governance arrangements
could draw on examples from the governance of public finance for fossil
fuels, particularly the commitment of 39 public actors (mainly states)
adopted in the context of UNFCCC COP26 to end public finance for
unabated fossil fuel energy by the end of 2021 and to work for similar
policies within international institutions, including MDBs (UK Govern-
ment, 2021). Thus, the arrangements for petrochemical finance could
set an end-date for public finance for high-carbon petrochemical pro-
jects, and should at the very least ensure transparency and encourage
more accountability regarding such finance.

The current expansion of fossil-based petrochemical infrastructure is
not sustainable, and sustainability can only be achieved by reducing
output based on fossil resources and transforming production from high-

also private) finance for petrochemicals than commit to ending petro-
chemical production completely. These conditionalities could consist of
requirements that the petrochemical infrastructure financed will be low-
carbon or easily converted to forthcoming low-carbon modes of pro-
duction. Public finance for petrochemicals could play an important role
in this respect, since it is the result of decisions by policymakers that in
the end are responsible to voters (more indirectly in the case of MDBs).
Moreover, public finance institutions are well-suited financiers of low-
carbon projects as they tend to be less profit-driven and operate with
longer time horizons. Since national public finance often is tied up with
national fossil fuel interests, international finance is better suited to play
a transformative role.

Finally, PFIs in developed countries finance new fossil-based petro-
chemicals production in emerging and developing countries. These
products are likely to be traded on international markets and converted
into products that are imported to developed countries to be consumed.
There is thus a geographic pattern of capital and demand in developed
countries that leads to expansion of new emissions-intensive production
in emerging and developing countries.

8. Conclusion

The paper investigated the role that public finance play in expanding
the petrochemical industry - the industry with the largest use of fossil
energy and among the largest sources of industrial GHG emissions. We
did so by mapping investments in large projects over the past decade,
showing that while direct public finance supplied only about 14 percent
of the capital it was involved in nearly half of all the projects, and in our
case studies, Surgil and Sadara, provided the majority of direct funding.
The two case studies demonstrated how different forms of finance from a
wide range of international sources can be instrumental in expanding
petrochemical production in states with conducive national political
environments, in these cases related to national political interests in
ensuring continued demand for fossil fuels.

We conclude that public finance is deeply entangled with private
finance. PFIs engage in petrochemical projects in different ways, but the
transparency remains highly limited. Support comes not only from na-
tional PFIs in the target countries, but is highly globalized and to a large
degree originates in developed countries that often claim to spearhead
the green transition. As these industrial infrastructures are planned to
operate for decades, the public finance thus strongly contributes to the
carbon lock-in of the sector. As both the expansion of fossil-based and
low-carbon industrial infrastructure are capital intensive, the support
for carbon-intensive infrastructures directly limits the possibilities for
low-carbon investments. Public finance for the expansion of fossil-based
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petrochemical infrastructure is thus far from being aligned with the
target stated in the Paris agreement of focusing on investments for a
green transformation. International commitments to improve trans-
parency, end finance for fossil fuel-based petrochemical production and
in the long run seek to scale down petrochemical production are all
important international steps to ensure a sustainable transition of
petrochemicals.

Our findings open up different venues for future research: Firstly, on
the causal relations between public and private finance in more detail, e.
g. through in-depth case studies of financing decisions. Such research
could study exactly how much private finance is leveraged by public
finance, which petrochemical projects that were made possible due to
public finance, and which public finance instruments (loans, guarantees,
etc.) have the largest effect on private finance. Secondly, on the role of
finance safeguards, including why they often do not seem to have much
effect. Thirdly, on if and how the emerging divestment movement is
influencing public financiers of petrochemicals. Lastly, research could
study cases where public finance has had a positive impact on low-
carbon petrochemical production to show which instruments that may
have an impact.

In terms of policy recommendations, as mentioned in Section 7,
global governance arrangements should focus on setting end dates for
public finance for petrochemical projects that do not meet requirements
for being low-carbon or easily convertible to low-carbon. These re-
quirements should also prevent an unsustainable level of supply of
cheap petrochemicals. The internal processes of supporting industrial
infrastructure within PFIs should also be reformed, aiming to improve
transparency and implement low-carbon requirements for such projects.
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