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Executive Summary and Key Messages

he circular carbon economy (CCE) concept provides a holistic, flexible and pragmatic framework for

countries to plan their energy and economic transitions to lower carbon dioxide and greenhouse gas

emission levels and, ultimately, net-zero emissions. The CCE Index measures countries’ progress in
and potential for reaching CCEs. It is a composite indicator comprising 43 individual, quantitative variables
or indicators. The datasets underlying each indicator are harmonized across countries and derived from
robust and reputable sources. When aggregated together, the index and its sub-components provide tools
for policymakers and other climate change and energy policy stakeholders to explore and compare how well
countries are performing on these two dimensions of the CCE. The index is intended as a support tool for
policymaking, and as such can be used in many ways that go beyond simple comparisons of country scores
and ranks.

The CCE Index has been developed by a dedicated team at KAPSARC and was first launched in 2021.
This discussion paper presents the results of the second, 2022 edition of the index. The 2022 CCE Index
includes 64 countries: the largest economies from each region and major oil and gas producing countries
globally. In addition to the 2022 CCE Index scores, this edition also presents revised scores for the 2021
CCE Index. Going forward, scores for previous years’ editions will always be recalculated to account for
data and possible indicator framework updates and, by doing so, to ensure their comparability over time.

The following high-level messages stand out from the 2022 CCE Index:

+ In 2022, five European countries, Norway, the Netherlands, Germany, the United Kingdom and
Switzerland, top the CCE Index. At the bottom are five Sub-Saharan African countries. The gap between
these top five and bottom five performers is notable (46 points), which indicates that countries toward the
end of the list in particular will be in need of significant assistance to be able to successfully transition to
CCEs. Countries around the median score are a more heterogeneous group, from various regions and
income groups, namely Ecuador, the Philippines, the Russian Federation, Qatar and Thailand.

+ In the area of CCE Performance, a large number of countries are not yet deploying some of the most
important technologies necessary for achieving full carbon circularity: countries toward the bottom of
the ranking generally have lower levels of modern renewables or nuclear energy in their energy mixes,
and they also lack project pipelines for newer carbon circularity technologies, namely hydrogen and
carbon capture, utilization and storage. Energy efficiency is a key component in lowering emissions,
but alone it is insufficient. Electrification only supports CCEs if the source of power generation is clean.
Transitioning away from coal and oil in the power sector is beneficial, but will, in the longer term, require
full decarbonization; and natural sinks are a major contributor to carbon circularity, but are only a part of
the overall solution and always incorporate the risk of non-permanence.
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+ In the area of CCE Enablers, industrialized countries top the ranking. At the bottom is a geographically
more diverse group of developing countries. Similar to the CCE Performance sub-index, almost
two-thirds of countries score below the average CCE Enablers score, and there is a significant gap
between the top and bottom performers. Common to all five dimensions of this sub-index, which
measure areas such as policy, technology, finance, business environments and energy system
resilience, is that the top-five performers are always high-income countries. The bottom-five countries
in the rankings, however, are more diverse, with a mix of low-, middle- and even high-income countries
across the dimensions. The gap between the top and bottom performers is the widest in the ‘finance
and investment’ (83 points) and ‘system resilience’ (80 points) dimensions and narrowest in the
‘business environment’ (44 points) dimension.

+ On the Oil Producers Lens score, which is an add-on score given to the major hydrocarbon producers
included in the index, the top three countries, Norway, the Netherlands and the United Kingdom, also
rank high on the total CCE Index. The three lowest-scoring countries, Algeria, Iraq and Uzbekistan, are
placed in the lowest quadrant of the total CCE Index. By and large, oil and gas producers score higher
on the Oil Producers Lens than the total CCE Index. Saudi Arabia, the Netherlands and Qatar score
the highest in the five oil producer-specific performance indicators, which measure industrial carbon
circularity performance.

« Compared with the 2021 CCE Index (which has been recalculated to accommodate for the larger
country group and various indicator framework updates), 57 countries improved their total CCE Index
scores in 2022, while seven saw a deterioration in their scores. The average increase of countries’
scores between 2021 and 2022 was 1.36, reflecting the fact that energy transitions are a gradual and
long-term process. Sustained attention over the coming years and decades to accelerating progress
toward CCEs and net-zero emissions will be fundamental.
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Introduction

his KAPSARC Discussion Paper presents the

results of the 2022 Circular Carbon Economy

(CCE) Index, which provides quantitative
metrics for measuring and comparing how countries
are performing on the CCE at present and how well
they are equipped to accelerate progress toward
CCEs and net-zero emissions going forward.

This is the second edition of the CCE Index,

which was originally launched in 2021. A detailed
description of the methodology is presented in
KAPSARC Methodology Paper, “The Circular
Carbon Economy Index 2021 — Methodology”
(Luomi, Yilmaz, and Alshehri 2021a). This edition
contains three important updates. First, the

number of countries included in the index has been
increased from 30 to 64, extending coverage to
more than 90% of the global gross domestic product
(GDP) and greenhouse gas (GHG) emissions (World
Bank 2022; WRI et al. 2022). Second, the indicator
framework has been updated to ensure optimal

data coverage across the larger group of countries.
Third, from the 2022 edition onward, index scores
will be recalculated for any past editions to ensure
comparability over time. A brief explanation of these
updates is provided below, and more details are
available in Appendix 1.

The full 2022 CCE Index results are available on
the CCE Index web portal, https://cceindex.kapsarc.
org/, which also contains updated results for 2021.
The web portal further includes two interactive tools
that allow advanced users to simulate results and
rankings for alternative scenarios by toggling either
indicator weights or country-level indicator values.

CCE Concept and the CCE Index

The CCE concept provides a holistic, flexible and
pragmatic framework for countries to plan their
energy and economic transitions to lower carbon

dioxide (CO2) and GHG emission levels and,
ultimately, net-zero emissions. Previous publications,
including KAPSARC (2020), Luomi et al. (2021),
Luomi, Yilmaz, and Alshehri (2021a) and Alshehri

et al. (2022), provide more detailed discussions on
the CCE concept and how the CCE Index seeks to
measure it in a country comparison context.

In short, the CCE provides a conceptual frame for
examining net-zero emission transitions through
the lens of four ‘Rs’ relating to the management of
carbon and related emissions flows: reduce, reuse,
recycle, and remove. The concept draws attention
to the need for technology-neutral approaches to
delivering the needed transitions, playing to each
country’s strengths, prioritizing cost-effectiveness,
and ensuring other policy drives, including economic
and social sustainability, are also accounted for
when pursuing carbon circularity.

Figure 1 presents a graphic illustration of the main
technology options and mitigation approaches
available in the CCE ‘toolkit’.! These ‘CCE activities’
form the basis for the CCE Performance sub-index,
which accounts for half of the CCE Index score (with
the other sub-index focused on CCE Enablers).

The CCE Index measures countries’ progress in
and potential for reaching CCEs. It is a composite
indicator comprising 43 individual, quantitative
indicators. The datasets underlying each indicator
are harmonized across countries and derived from
robust and reputable sources. When aggregated,
the index and its sub-components provide tools
for policymakers and other climate change and
energy policy stakeholders to explore and compare
how well countries are performing on these two
dimensions of the CCE.
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Introduction

Figure 1. The circular carbon economy.
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Source: Luomi, Yilmaz, and Alshehri (2021a, 2021b).

The index is intended as a support tool for
policymaking, and as such can be used in many
ways that go beyond simple comparisons of country
scores and ranks. Questions, such as why a country
received a particular score in a particular area or

an indicator, can open the doors to discussions
about indicator appropriateness or the quality of

the data for a country, which are valuable as they
can encourage countries to generate better or

more policy-relevant data. Ideally, however, closer
examinations of countries’ scores would help

spark action in a particular area where a country

is performing below its peers, or encourage further
efforts where a country is either on par with others
or leading.

REUSE

An important point to highlight is that the CCE
Index or its main sub-components do not seek

to provide a measure of the level of ambition of
countries’ climate change policies, such as targets
communicated in nationally determined contributions
under the Paris Agreement. While the CCE Enabler
indicators, which measure countries’ CCE transition
potential, incorporate policy-related indicators (such
as whether a country has set a net-zero emission
target), even these are intended as measures

of the overall enabling environment rather than
comparative indicators of policy ambition.
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CCE Index Country Coverage in
the 2022 Edition

The 2022 edition includes 64 countries: the largest
economies from each region and major oil and
gas producing countries.? In its inaugural edition

in 2021, the index covered 30 major economies

Figure 2. Countries Included in the 2022 CCE Index.®
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and oil producers. From 2022 onward, the current,
extended country coverage is expected to remain
stable. The group now includes a broad selection of
countries from different regions and various levels of
socioeconomic development, and covers more than
90% the world’s GHG emissions and GDP (WRI et
al., 2022; World Bank 2022).
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Key: Countries in jtalics were included in the 2021 CCE Index. Countries in bold also receive an Oil Producers Lens score.

Source: Authors’ construction.

2022 CCE Index Framework

The CCE Index consists of two sub-indices. The
CCE Performance sub-index gauges countries’
performance across eight main CCE technologies
and activities. The CCE Enablers sub-index
measures countries’ CCE transition potential through
30 indicators divided into five key areas: policies and
regulation; technology, knowledge and innovation;

finance and investment; business environment; and
system resilience.

In total, the 2022 edition of the CCE Index contains
43 quantitative indicators. Each country receives

a score on a scale of 0—100 for each indicator.
Separate scores, similarly on a scale of 0—100, are
first calculated for the sub-indices, which are then
aggregated to form the total country score. In total,
the CCE Index therefore consists of three aggregate

The Circular Carbon Economy Index 2022 — Results 7



Introduction

scores: the CCE Performance score, the CCE additional score, called the Oil Producers Lens
Enablers score, and the total CCE Index score. The  score. This score is generated by first calculating
scores should be interpreted as an indication of an aggregate score for five performance indicators

how close countries are to ideal performance, either  (Oil Producers Lens Performance score) and then
compared with their top-ranking peers or a technical aggregating this with the total CCE Index score. The

maximum. The detailed aggregation logic for the Oil Producers Lens indicators and scores allow for

index is presented in Appendix 1, Figure A.1. further comparisons among this group of countries
that face a particular set of industry-related CCE

In addition, the major oil and gas producing transition challenges and opportunities. Figure 3

countries included in the index receive a separate, presents the complete 2022 CCE Index indicator
framework.

Figure 3. 2022 CCE Index indicator framework.
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The 2022 edition introduces a number of changes
to the indicator framework, which are discussed in
more detail in Appendix 1. The main changes relate

to reorganising two dimensions under CCE Enablers

(business environment and system resilience) to
improve conceptual consistency, and omitting the
Oil Producers Lens Enablers dimension due to
insufficient data availability and the discontinuation
of datasets.

As a new feature, from 2022 onward, each CCE
Index edition will also generate scores for the
previous years in which the index has been
published. In 2022, this means that the index will

generate new scores for both 2022 and 2021.
Going forward, the scores will be recalculated with
each edition to ensure comparability across years
in light of any changes or backward adjustments
made by the original data sources to the underlying
datasets. This also allows the index to be updated
with new indicators or better datasets as they
become available, ensuring it remains timely and
relevant. While this means that countries’ scores
and ranks will see some changes in future updates
of the index, the latest available edition of the index
will always provide data that is up to date and
comparable over time.

The Circular Carbon Economy Index 2022 — Results



2022 CCE Index Results

his section presents and analyzes the results
of the 2022 CCE Index. It first presents the
total CCE Index scores, followed by the scores
for its sub-indices and dimensions, as well as those
for the QOil Producers Lens. The high-level 2022
CCE Index scores are presented in Appendix 1. The
scores and rankings, full underlying datasets used
in the index, and a ‘codebook’ containing detailed
information about each indicator are available via the
CCE Index web portal: https://cceindex.kapsarc.org

Total CCE Index

In 2022, five European countries, Norway, the
Netherlands, Germany, the United Kingdom and
Switzerland, top the CCE Index with total scores
between 62 and 70 (Figure 4). At the bottom are five
Sub-Saharan African countries, Uganda, Ethiopia,
Nigeria, Tanzania and Cameroon, scoring between
15 and 22. The gap between these top five and
bottom five performers is a notable 46 points.
Countries around the median score (34) are a more
heterogeneous group, from various regions and
income groups, namely Ecuador, the Philippines, the
Russian Federation, Qatar and Thailand.

The total CCE Index score is the average of countries
CCE Performance and CCE Enablers scores, which
means that countries that achieve high scores on
both generally rank the highest on this metric. The
five highest-ranking countries in 2022 also rank in
the top seven in both the CCE Performance and
CCE Enablers sub-indices. Similarly, the countries

at the bottom receive low scores in both sub-indices.
Many countries receive higher scores from the
Enablers sub-index, and therefore its contribution

to the total score is, on average, higher (59%) than
the Performance sub-index (41%). A number of
countries diverge significantly from these averages:
Angola, Irag and Cameroon have much higher CCE
Performance scores than their CCE Enablers scores,
which could be interpreted as indicating that their

progress going forward may be limited without a
stronger focus on enabling environments. All three
also fall in the bottom tertile of the ranking. On the
other extreme are countries in the opposite situation,
with significantly higher CCE Enabler scores
compared with their CCE Performance scores.
These include Uganda, which is at the bottom of the
ranking, and Singapore, which ranks fifteenth in the
total CCE Index.

The following sections decompose the CCE Index
further, highlighting top and bottom performers and
key features of each sub-index and dimension. A
similar decomposition approach (which is outside
the scope of this paper) can be applied to individual
countries to allow for a more granular understanding
of what underlies each country’s scores.

CCE Performance

The CCE Performance score indicates both the depth
and breadth of a country’s engagement with eight
principal CCE technologies and activities currently
available at commercial scale. In other words, it
rewards countries that score well on not only one but
various activities, which can vary from one country

to the other. This also reflects the ethos of the CCE
concept of utilizing all available approaches while
building on each country’s strengths.

At the top of the CCE Performance sub-index in
2022 are Norway, the Netherlands, Spain, the United
Kingdom and Australia; all high-income industrialized
countries (Figure 5). Norway stands out with a
significantly higher score (69) than the other high-
ranking countries (49-57). At the bottom is a more
diverse group of countries: Uganda, Ethiopia, Nigeria,
Oman and Iran. These countries generally receive
extremely low scores on most indicators, except
energy efficiency, fuel switching and natural sinks

— all activities that do not involve the deployment of
clean energy technologies.

The Circular Carbon Economy Index 2022 — Results
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2022 CCE Index Results

Figure 4. 2022 total CCE Index scores.
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Source: Authors’ construction.

Note: The length of the bar indicates the total CCE Index score. Different colors display the contribution of each sub-index to
the total.
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Figure 5. 2022 CCE Performance scores.
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With a few exceptions, countries toward the bottom
of the ranking generally have lower levels of modern
renewables* or nuclear energy in their energy
mixes, and they also lack project pipelines for newer
carbon circularity technologies, namely hydrogen
and carbon capture, utilization and storage (CCUS).
Reflecting this, the largest share of countries’ CCE
Performance scores, on average, comes from
energy efficiency, followed by electrification, fuel
switching and natural sinks. A further observation

is that approximately 60% of the 64 countries
measured by the index receive a score lower

than the average score (30), meaning that high
performance scores are concentrated among a
smaller group of countries.

A key message from the 2022 CCE Performance
sub-index, therefore, is that a large number of
countries are not yet deploying some of the most
important technologies necessary for achieving
full carbon circularity. Energy efficiency is a key
component in lowering emissions, but alone it is
insufficient. Electrification only supports CCEs if the
source of power generation is clean. Transitioning
away from coal and oil in the power sector is
beneficial, but it will, in the longer term, require
full decarbonization; and natural sinks are a major
contributor to carbon circularity, but are only a
part of the overall solution and always incorporate
the risk of non-permanence due to forest fires or
competition from agricultural policies, for example.

CCE Enablers

The CCE Enablers score gauges countries’ potential
and preparedness to transition toward CCEs and
net-zero emission economies in five areas. In 2022,
five European countries top the CCE Enablers
sub-index: Germany, Switzerland, the Netherlands,

the United Kingdom and France, with scores
between 72 and 78 (Figure 6). At the bottom is a
geographically more diverse group of developing
countries, Cameroon, Pakistan, Angola, Iraq and
Tanzania, which score between 21 and 23. As in the
2022 CCE Performance sub-index, approximately
60% of countries score below the average CCE
Enablers score (44), and there is a significant gap
between the top and bottom performers. These
aggregate results reveal similar findings to those
of the total CCE Index and the Performance
sub-index, namely that developing countries will
need significant support to accelerate their CCE
transitions.

The following pages present a more detailed view of
the five dimensions of the CCE Enablers sub-index,
which comprises 30 indicators.

Policies and regulation: The five indicators

under this dimension gauge government support
for CCE transitions through various technology or
activity-specific enabling policies (energy efficiency,
renewable energy, carbon capture and storage
[CCS] and natural sinks), the frequency of their GHG
emissions inventory disclosures, and the strength
of their commitment to reaching net-zero emissions.
A similar pattern of top-ranking, industrialized
countries and low-ranking developing countries

of various income levels (except low income) is
similarly apparent in this dimension as in the overall
Enablers sub-index, as is a disproportionately large
gap between top- and bottom-scoring countries,
with the top performer, the United Kingdom, scoring
74 points higher than the lowest performer, Oman
(Figure 7).

The Circular Carbon Economy Index 2022 — Results
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Figure 6. 2022 CCE Enablers scores.
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Figure 7. Policies and regulation dimension scores.
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2022 CCE Index Results

Countries’ average scores are the highest on
energy efficiency and renewable energy support
policies (61) and compliance with United Nations
GHG emissions reporting guidelines (59). Overall,
countries receive significantly lower scores (12 on
average) on CCS policy. This reflects both the low
level of attention these technologies still receive
in the majority of countries and the long way even
top-scoring countries like Norway (58) and the
United Kingdom (57) still have to go before having
robust policy frameworks in place in this area.

Technology, knowledge and innovation: This
dimension comprises six indicators that measure
countries’ progress on the creation, distribution and
absorption of knowledge. Based on some estimates
(IEA 2021, 96), up to 75% of the cumulative GHG
emissions reductions required to collectively meet
net-zero by mid-century are not yet commercially
mature. Research and development (R&D) and
technology diffusion therefore remain crucial
enablers for CCE transitions.

On average, countries score the highest on
indicators measuring domestic technological
collaboration (university-industry collaboration and
higher industries’ economic contribution, 46 and

44, respectively) (Figure 8). They score lower, on
average, on knowledge creation-related indicators
(R&D expenditure, clean energy technology patents
and academic research intensity, 28, 11 and 17,
respectively), and on international high-technology
interaction (measured by exports and imports of high
technology, 20, on average).

Within the top-five in this dimension are three Asian
countries: Singapore, the Republic of Korea and
Japan. A notable characteristic of this dimension

— similar to the policy and finance dimensions —is
that the five worst performing countries are not

low-income countries. The gap between the top and
bottom performers — Singapore and Angola —is
equally wide as under the policy dimension, at 76
points.

Finance and investment: The five indicators under
this dimension include both CCE-specific metrics,
namely the levels of CCE technology investments
and sustainable bond and loan issuances (the

latter being measured with the indicator ‘access

to sustainable finance’) and use of carbon pricing
instruments. They also include more generic enabler
metrics that gauge countries’ overall financial
development levels, and their international financial
connectedness.

On average, countries score lower on the two
CCE-specific financing indicators (27 on CCE
investments and 17 on sustainable finance) than
on the two generic enabler metrics (45 on financial
development and 35 on international financial
connectedness) (Figure 9). On the carbon pricing
indicator, which rewards countries that have a
regulated carbon pricing system in place (tax, cap
and trade, or baseline and credit), 31 out of 64
score a zero — a share that is expected to gradually
decrease going forward.

The gap between the top and bottom performers,
Netherlands and Algeria, is the widest of all five
dimensions, namely 83 points. In addition, this
dimension — similar to the technology dimension —is
characterized by extremely low scores toward the
bottom of the distribution, which draws attention to
the urgent need to enhance the enabling conditions
for transition finance in many developing countries.
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Figure 8. Technology, knowledge and innovation dimension scores.
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2022 CCE Index Results

Figure 9. Finance and investment dimension scores.
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Business environment: This dimension uses
seven indicators to measure enabling business
environments. The top performers in this
dimension are, again, industrialized countries,
while the five lowest performers are all from
Sub-Saharan Africa (Figure 10). CCE-specific
metrics focus on renewable energy investment
and deployment opportunities, the development
of CCS resources (through an indicator titled
‘CCS potential’), and environmental, social and
governance risks. More generic metrics under this
dimension gauge regulations supporting business
activity; trade and transport infrastructure; political,
economic and financial risks; and human capital.
On average, countries score the lowest on the
development of CCS resources (40), and the
highest on business regulations (69).

The average score of the business environment
dimension (57), similar to system resilience (58),
is significantly higher than those of the other three
dimensions (28—44). The difference between the
top and bottom scores on this dimension is the
narrowest of all CCE Enabler dimensions (44).°

System resilience: The final dimension brings
together seven energy system-specific and
broader sustainability indicators. The former
category includes indicators measuring energy
security (share of fuel imports in total imports),
energy infrastructure stability (power system
interruptions), and energy equity (access and

affordability). The latter comprise metrics on
economic diversification, adjusted national income
(per capita), particulate matter pollution (from both
indoor and ambient sources) and climate change
resilience. On average, countries fare better on the
energy system indicators than the broader system
indicators (Figure 11). On energy system stability,
51 countries out of 64 score higher than 80, while
the remaining group of countries suffers from
significantly more serious supply interruptions. On
energy security, countries’ scores are more evenly
distributed, but a large number of developing
countries continue to spend heavily on energy. On
energy equity, various Sub-Saharan African and
South Asian countries continue to face difficulties.
On the other system indicators, it is worth
highlighting that this same group of countries also
suffers from the highest levels of health impacts
from particulate matter pollution, a large share

of which originates from energy production and
consumption.

The top performing country on system resilience,
Switzerland, achieves indicator scores of 72—100
across the seven indicators and has the highest
aggregate score among all countries across all
CCE Enabler dimensions (93). The second-highest
scoring country, Norway, achieves 87 points, and
the country at the bottom of the ranking, Pakistan,
achieves 13, indicating again a very wide gap
between the top and the bottom.
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2022 CCE Index Results
|

Figure 10. Business environment dimension scores.
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Figure 11. System resilience dimension scores.

Switzerland S ——
Norway o —
Singapore o —
United Kingdom 1
Qatar |
Germany o
Netherlands o ——
United States I .
Kuwait o ———
Canada 10. e —
France 11. ]
Costa Rica 12. N
Saudi Arabia 13. ]
Italy 14. ]
Poland 15. o ——
Japan 16. |
Kazakhstan 17. T
Spain 18. O
Republic of Korea 19. s
Oman 20. ]
Australia 21. ]
Malaysia 22. o ———
| — ]
O
P
I
O
T
1
S —
I —
S
]
e
e =
]
B
|
]
o
]
T
I
e —
I —
e
]
|
]
N
]
I
= ]
I

©CRNOOA~WN

Russian Federation 23.
United Arab Emirates 24.
Bahrain 25.
Mexico 26.
Jordan 27.
Uzbekistan 28.
Azerbaijan 29.
Dominican Republic 30.
Algeria 31.
Argentina 32.
Tunisia 33.
Egypt 34.
Iran 35.
Turkiye 36.
Colombia 37.
Thailand 38.
Ecuador 39.
Brazil 40.
Chile 41.
China 42.
Morocco 43.
Peru 44.
Viet Nam 45.
Philippines 46.
Guatemala 47.
Sri Lanka 48.
Indonesia 49.
South Africa 50.
Iraq 51.
Lebanon 52.
Kenya 53.
Ghana 54.
Angola 55.
India 56. .
Ethiopia 57. I
Bangladesh 58. I -
Coéte Dtlvoire 59. P
Nigeria 60.
Cameroon 61.
Tanzania 62. I —
Uganda 63. T
Pakistan 64. -
20 30

0 10

40 50 60 70 80 90 100

= Energy security = Energy infrastructure stability = Energy equity Economic diversification

= Adjusted national income = Environmental health m Climate change resilience

Source: Authors’ construction.

Note: The length of the bar indicates the Performance sub-index score. Different colors display each indicator’s contribution to the
total.

The Circular Carbon Economy Index 2022 — Results 21



2022 CCE Index Results

Oil Producers Lens

The Oil Producers Lens (OPL) provides an
additional score for the 28 major oil and gas
producing countries included in the 2022 CCE
Index.* The OPL score is an aggregate measure
of how well major oil- and natural gas-producing
countries perform when their hydrocarbon and
energy-intensive sectors are factored in. The

OPL score not only enables more targeted
comparisons among this group of countries, but its
five performance indicators give insights into how
they are managing carbon circularity at present.
The total OPL score consists of the average of the
five OPL Performance indicators (25%), the CCE
Performance score (25%) and the CCE Enablers
score (50%).

In the 2022 OPL ranking, the top three countries,
Norway, the Netherlands and the United Kingdom,
also receive some of the highest scores in the 2022
CCE Index (Figure 12). The three lowest-scoring

Figure 12. 2022 CCE Oil Producers Lens scores.
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countries on the OPL, Algeria, Iraq and Uzbekistan,
rank in the lowest quadrant in the CCE Index. By
and large, oil and gas producers score higher on the
OPL than the total CCE Index, with the exception of
the two bottom performers whose low performance
on the five OPL indicators pushes their total OPL
score even lower.

The five OPL Performance indicators comprise
industrial intensity metrics that measure both the
carbon circularity performance of the 28 countries’
oil and gas industries (the carbon intensity of

oil production, the intensity of gas flaring in oil
production and the intensity of fugitive methane
emissions from fossil fuel production) and that of
the manufacturing sector (the carbon intensity of
value added). They also contain a proxy for value
generation from current and future CCE assets,
such as the chemicals industry (GDP value added).
On these five metrics, Saudi Arabia (86), the
Netherlands (84) and Qatar (82) score the highest,
whereas Algeria (10), Uzbekistan (19) and Iraq (24)
score the lowest.
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Further Analysis: Reference Group
Comparisons and Changes Over Time

The CCE Index results can also be examined

in different reference groups to enable

more meaningful comparisons. This section

presents two examples: regional groups and income
groups. The CCE Index web portal (https://cceindex.

kapsarc.org) allows for further comparisons both
within groups and among individual countries.

From 2022 onwards, the CCE Index will also provide
cumulative scores for all years since 2021. This will
enable analyses of changes of country scores over
time. This section provides a high-level overview of
these changes from 2021 to 2022 for the total CCE
Index score and the two main sub-indices.

Country Reference Groups in
2022 CCE Index

As shown in Figure 13, there is still great variation in
country scores when examined at a regional level,
particularly in Europe and Central Asia. On average,
countries from North America, and Europe and
Central Asia score the highest in the total 2022 CCE
Index (57 and 49, respectively). East Asia and the
Pacific (43), Latin America and the Caribbean (37)
and the Middle East and North Africa (31) fall in the
middle, and South Asia (26) and Sub-Saharan Africa
(23) score the lowest, on average.

Figure 14 presents the 2022 CCE Index countries
and scores in an income group context (and OECD
membership status). As expected, a higher income
translates, on average, into a higher CCE Index
score. However, even here, there is a wide variation
in most groups between top and bottom performers.

Changes in Scores in 2021-2022

An important update introduced in the 2022 CCE
Index is the availability of comparable scores for
the previous edition. For this edition, the 2021 CCE
Index scores have been recalculated to account for
the larger number of countries (64 instead of the
original 30 in the 2021 edition) and updates to the
index framework. From 2022 onward, each new
edition of the index will also provide updated scores
for all previous CCE Index editions, which will allow
for comparisons over time (see Appendix 1 for
further details).

This paper presents an overview of changes in
countries’ scores at the total CCE Index level,

as well as on the two sub-indices. The full set of
indicator-level values and scores of all countries,
along with aggregate scores for the five CCE
Enabler dimensions for both years (2021 and 2022),
are available via the CCE Index web portal (https:/
cceindex.kapsarc.org/) in the 2022 CCE Index
codebook and database Excel file. These can be
used to develop further comparisons.

Total CCE Index scores: Compared with 2021,
57 countries improved their total CCE Index scores
in 2022 (Figure 15). The largest improvers were
Kazakhstan (6.99 points), Spain (6.19 points) and
Australia (5.32 points). The discussion below will
identify the drivers of these changes. The average
increase of countries’ scores between 2021 and
2022 was 1.36. Seven countries saw their scores
deteriorate, but in all cases the change was less
than 1 point.”

CCE Performance scores: Compared to 2021, the
large majority of countries (54) improved their scores
also on the CCE Performance sub-index (Figure 16).
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Further Analysis: Reference Group Comparisons and Changes Over Time

Figure 13. 2022 CCE Index scores visualized in regional groups.
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Figure 14. 2022 CCE Index scores visualized in income groups.
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Figure 15. Changes in CCE Index total scores between 2021 and 2022.
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Figure 16. Changes in CCE Performance scores between 2021 and 2022.
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Several countries increased their Performance
scores by more than five points year-on-year. These
were: Kazakhstan (13.59), Australia (11.45), Spain
(11.43), Norway (8.78), the Republic of Korea (6.29),
the United States (5.90) and Kuwait (5.12). For
Kazakhstan, the major driver of its significant score
increase was the addition of a 20-gigawatt (GW)
electrolysis complex — historically unprecedented
in scale — to its green hydrogen project pipeline.
Spain, Norway and the Republic of Korea similarly
added to their green hydrogen pipelines. Australia’s
improvement was driven by two indicators: first, a
massive increase in its CCUS pipeline (comprising
four large-scale CCS projects each with a storage
capacity of 4.5—10 million tonnes of carbon dioxide
per year) and, second, a fall in the share of coal in
its electricity mix. The United States also increased
its CCUS project pipeline. In Kuwait, a major fall in
the share of oil and a simultaneous increase in the
share of electricity in its total energy mix in 2020
drove the increase.

The average increase of countries’ scores between
2021 and 2022 was 2.46. Ten countries saw their
scores deteriorate, with Pakistan falling the most
(2.44). The share of oil and coal in Pakistan’s
electricity mix, which had been falling for years, saw
an increase in 2020, resulting in a major drop in its
score on the fuel switching indicator.®

It is worth noting that the CCE Index has a data
lag, as country comparison composite indicators
generally do, which for this edition is often two
years.® Data for five of the CCE Performance
indicators (energy efficiency, renewable energy,
electrification, nuclear energy and fuel switching)
used for the 2022 scores is from 2020 and,

consequently, data used for the 2021 scores is
from 2019. This means that any impact of the first
year of the COVID-19 pandemic should be visible
in country scores on these indicators. On average,
however, countries’ scores on all five indicators
saw an increase (of 0.2 to 3.2 points). A closer look
at individual countries’ scores, however, is likely

to reveal more year-on-year variation, given the
exceptionality of the pandemic. Only longer time
series, however, will eventually allow to distinguish
between the short-term and long-term impacts of
the pandemic on countries’ CCE performance — and
their CCE enablers.

CCE Enablers scores: Compared with the CCE
Performance sub-index, the Enablers sub-index has
many more indicators (eight versus 30), which could
be expected to lead to smaller changes over time
(as the likelihood of indicators ‘cancelling each other
out’ increases). More importantly, however, in most
cases, enablers by their very nature take a longer
time to be enhanced as they often require various
simultaneous interventions and efforts.

Reflecting this, the majority of countries (51)
improved their CCE Enablers scores between 2021
and 2022, with the average increase only 0.62
points (Figure 17). Only Switzerland (2.99) and Chile
(2.66) increased their scores by more than two
points. In both cases, higher scores from the finance
and investment dimension drove the increase. For
both, increases in CCE investments and in foreign
direct investment flows contributed to this, and in
the case of Chile, the introduction of a new carbon
crediting mechanism also raised its score. The 13
countries whose scores deteriorated similarly saw
only minor decreases of one point at most."

The Circular Carbon Economy Index 2022 — Results 28



Further Analysis: Reference Group Comparisons and Changes Over Time
. _____________________________________________________________________________________________________________________________________________________|

Figure 17. Changes in CCE Enablers scores between 2021 and 2022.
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Conclusion

he 2022 edition extends the coverage

of the CCE Index to 64 countries, which

together cover most of the global economy
and GHG emissions. They also represent
diversity in terms of both regional representation
and socioeconomic development. The purpose
of the index is to provide concrete metrics that
help make the CCE concept more tangible and
provide quantitative metrics that enable energy and
climate stakeholders worldwide to examine country
performance and transition potential in various
contexts. Single-country decomposition analyses
can be used to stimulate discussions on policy
options and system-wide approaches to designing
energy transitions; reference group comparisons
can be employed to identify strong performers (that
similar countries can learn from) or weaknesses
in a country’s performance (where policy attention
can be focused); and big picture, global analyses
can be used for discussions about how global
cooperation around net-zero transitions should be
structured so as not to leave any country behind.

The CCE Index will continue to be updated
regularly and revised to accommodate for new or
better-quality datasets as they become available

or new ways to measure the CCE. The index will
only succeed if it is tested, used and reviewed by
knowledge and policy stakeholders worldwide. The
CCE Index team welcomes continuous feedback,
questions and suggestions relating to the use and
utility of the index in diverse countries and contexts.

We invite you again to visit the CCE Index web
portal to explore and compare countries and their
indicator scores and values in more detail. All
underlying indicator data and methodological details
are available for viewing and downloading via the
portal, https://cceindex.kapsarc.org.
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Appendix 1. Country Selection Criteria and
Index Framework Updates in the 2022 Edition

his section presents the methodological
updates made in the 2022 edition of the CCE
Index. The full methodology is presented
in KAPSARC Methodology Paper, “The Circular
Carbon Economy Index 2021 — Methodology”
(Luomi, Yilmaz, and Alshehri 2021a).

Country Selection Criteria

With the aim of increasing the number of countries
covered by the CCE Index to add geographic and
socioeconomic diversity, and to cover most of the
world’s GHG emissions and GDP, the 2022 edition
applied the following criteria for country selection:

1. An average population of at least 1 million
between 2018 and 2020, based on the World
Bank Development Indicators database (World
Bank 2022).

2. The 10 largest economies from each World
Bank region (or all, if a region has fewer than 10
countries), based on the country’s average GDP
(current US$) for 2018—2020 from the World
Bank Development Indicators database (World
Bank 2022).

3. The top-30 largest oil and gas producing
countries based on their average production

Table A.1. Data sources used in the CCE Index.

Type of data source

between 2018 and 2020 (million tonnes of oil
equivalent) based on the BP Statistics database
(BP 2022).

4. The availability of 80% or more indicator values.

(Based on this criterion, the following countries
that met the other criteria were excluded:
Afghanistan, Benin, the Democratic Republic

of the Congo, Gabon, Libya, Mauritania, Nepal,
Palestine, Somalia, Sudan, Syria, Turkmenistan,
and Yemen).

5. Arab League member countries. (Since the
CCE concept is gaining increasing traction in
this region, the selection has been expanded
to include as many countries from this group as
possible, as long as the first and fourth inclusion
criteria were met, to provide tools for related
policy discussions).

Data Sources Used in the 2022
CCE Index

Data sources used in the 2022 CCE Index edition
fall in the same categories as in the 2021 edition.
Table A.1 shows the source organizations/authors
of the datasets used in the 2021 CCE Index. More
source and methodological information on each
indicator are available via the CCE Index web portal.

Data source (organization/author)

Official statistics/data

INSEAD)

Food and Agriculture Organization of the United Nations (U.N.); International Energy
Agency; International Monetary Fund; U.N. Department of Economic and Social Affairs; U.N.
Educational, Scientific and Cultural Organization Institute for Statistics; U.N. Framework
Convention on Climate Change; U.N. Industrial Development Organization; U.N. Statistics
Division; World Bank (including the Energy Sector Management Assistance Program,
TCdata360), World Intellectual Property Organization (including Cornell University and

Data from research organizations
and peer-reviewed publications

Eckstein, Kiinzel, and Schafer (2021); Energy & Climate Intelligence Unit; Global CCS
Institute; Harvard Growth Lab; Institute for Health Metrics and Evaluation; Jing et al. (2020);
Springer Nature; Wolf et al., (2022); World Energy Council

Data from corporate providers

Bloomberg; Enerdata; EY; Global Risk Profile; PRS Group
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Appendix 1. Country Selection Criteria and Index Framework Updates in the 2022 Edition

Data Coverage Requirement
Exceptions

+ As established in the 2021 edition, a key
criterion for indicator inclusion is that at least
80% of the data points are available for the
countries included in the index. Missing values
are imputed based on the same logic as in the
2021 edition (see Luomi, Yilmaz, and Alshehri
2021a). With 64 countries in the overall CCE
Index and 28 countries receiving OPL scores,
the thresholds for indicator inclusion (excluding
imputations for 0) in the 2022 CCE Index are
therefore data availability for 52 countries for the
total CCE Index and 23 countries for the OPL.
Only two exceptions to the inclusion rule were
made:

+  For “carbon capture and storage policy,” which
has values for 50 countries, imputations for
missing values were made based on regional/
income group averages, except for four Latin
American and Caribbean countries (Costa
Rica, the Dominican Republic, Ecuador and
Guatemala) for which score estimates were
received from the Global CCS Institute.

+ For “carbon capture and storage potential,”
which has values for 45 countries, imputations
were made based on estimates received from
the Global CCS Institute, except for Bahrain,
which was imputed based on its regional/income
group average.

Main Changes to the Indicator
Framework

A number of updates were introduced to the
indicator framework as part of the development
of the 2022 edition of the CCE Index. These were
necessary to accommodate the higher country

coverage and to maximize the likelihood of data
updates being available for future index editions.

Some updates were made in order to improve
indicators. For example, under CCE Performance,
the renewable energy indicator no longer includes
firewood and waste, as the former is a major human
health hazard and contributor to deforestation, and
the latter, as reported by the data source, includes
both renewable and non-renewable waste. The
other major example under CCE Performance is the
natural sinks indicator which now also incorporates
a measure of a country’s forest area (as a share of
its total land area), and a measure of how well the
country is preserving its natural sinks.

In addition, two dimensions of the CCE Enablers
sub-index were reorganized to improve the
conceptual consistency of what these areas
measure. Energy system-related indicators

were separated from the ‘business environment’
dimension and regrouped together with broader
system stability and sustainability indicators into a
‘system resilience’ dimension.

Under CCE Enablers, new or changed metrics
were applied to ‘carbon capture and storage policy,
‘climate change policy,” ‘financial development,’
‘carbon pricing,” and ‘environmental health.” A new
indicator was introduced to measure ‘political,
economic and financial risks,” while ‘employment’
and ‘quality of governance’ indicators were omitted
as too generic and redundant.

Out of the five Oil Producers Lens enabler indicators
in the 2021 edition, data updates for one were
discontinued and data coverage for the other was
insufficient for inclusion in 2022. The other three
indicators were redistributed under other CCE
Enablers dimensions as they can equally be used to
measure countries with smaller or no oil and gas
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industries, namely ‘carbon capture and storage
potential,’ ‘environmental, social and governance
risks,” and commitment to net-zero emissions.

In addition, minor adjustments were made to
indicator calculation methods, such as years of data
used. In other cases, there were changes in the
underlying data, such as for example the inclusion
of new technologies under ‘CCE investments’ by the
data source.

A detailed description of all indicators and related
methodological information, as well as data on
country availability, years of data used, minimum
and maximum values applied and the logic for
setting these and the direction of the indicator
(ascending/descending) are available in the 2022

CCE Index codebook and database Excel file, which
also contains all indicator values and scores. The file
can be downloaded via the CCE Index web portal:
https://cceindex.kapsarc.org/cceindex/downloads.

Aggregation and Weighting Logic

The major change in the 2022 CCE Index compared
with the 2021 edition is the omission of the OPL
Enablers dimension due to the discontinuation of
datasets underlying two of its indicators and a lack
of alternatives. The remaining three indicators, which
are also applicable to non-oil producing countries,
were reallocated to the CCE Enablers sub-index.
Otherwise, the aggregation and weighting logic in
2022 remains the same (see Figure A.1.).

Figure A.1. Aggregation and weighting logic of the 2022 CCE Index.

Index level Sub-index level

Performance score (50%)

CCE Index

Oil Producers Lens
Performance score (50%)

Source: Authors’ construction.

Policies
and
regulation
(10%)

Policies
and
regulation
(10%)

Dimension/indicator level No.

Performance indicators (6.25% each) 8

Enablers dimensions

TEEi, Finance

knowledge and Business System 30
and T e environment resilience
innovation (10%) (10%) (10%)
(10%) 4
Performance indicators (3.13% each) 8
Enablers dimensions
Tech., .
knowledge IAREEE Business System 30
and X -
and environment resilience

investment

. . o o
innovation (10%) (10%) (10%)

(10%)
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Appendix 1. Country Selection Criteria and Index Framework Updates in the 2022 Edition

Start of Multi-Year Score
Generation

Starting with the 2022 Edition, the CCE index
provides scores that are comparable over time.

In 2022, scores are provided for 2021 and 2022.
First, to ensure the comparability of the scores,

the minimum and maximum limits for the scoring
range are determined by using countries’ indicator
values for the first year of the index (i.e., the 2021
edition). Subsequently, these limits are kept constant
across the index years and editions. This approach
relies on the assumption that these boundaries (i.e.,
technical/scientific/natural, or the average of the top/
bottom three values) do not vary much on an annual
basis. However, this assumption may be revisited

in the future with the accumulation of longer time
series.

Second, to ensure comparability over time, the
scores for previous index editions are recalculated
each year. In other words, the 2022 CCE Index
edition contains recalculated scores and ranks
for the 2021 CCE Index. This was necessary
because 34 new countries were added to the
index and changes were introduced across

the indicator framework. Small changes are

also expected to be introduced going forward.
Recalculation is also beneficial for keeping the
underlying data up-to-date, as data providers and
sources often make retroactive revisions to their
datasets.
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Appendix 2. Validation, Including Robustness

Tests

Robustness

The authors conducted a validity check for the 2022
results by using principal component analysis (PCA),
an aggregation methodology widely used in index
creation. In principle, the expectation is that the
general distribution of scores and the associated
rankings should not vary much based on the
aggregation methodology. The PCA methodology
relies on common behaviour (i.e., correlations)
across the aggregated indicators, which would
imply that, for instance, to score high on the CCE
Enablers sub-index, a country would need to follow
a common trend across the included dimensions.
While such patterns are more common among

the enabling factors (e.g., countries with stronger
financial development tend to raise more funds from

global markets, including environmental, social and
governance [ESG] funds, and undertake more CCE
investment), these patterns are less common for the
CCE activities measured under the Performance
sub-index given the CCE’s emphasis on diverse and
varied approaches across countries.

The authors, nevertheless, have applied PCA to
the aggregation of both the CCE Performance and
Enablers sub-indices, to produce the total CCE
Index. To ensure comparability and consistency over
time, factor loads are first estimated using the 2021
CCE Index indicators, which are then employed to
compute the 2022 edition. The changes in rankings
based on equal weighting and PCA are displayed
in panels a-c of Figure A.2. Positive numbers imply
higher ranks relative to our baseline methodology,
while negative numbers imply the opposite.

Figure A.2. Changes in rankings when using PCA for aggregation (number of countries).

(a) Total CCE Index rankings
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Appendix 2. Validation, Including Robustness Tests

(b) CCE Performance sub-index rankings

20
18
16
14
12

10
8
6
4
2
0

. L1 | | I T
-5 -4 -3 -2 -1 0 1 2 3 4 5 6
m 2021 2022

(c) CCE Enablers sub-index rankings
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Source: Authors’ construction.

Note: The length of the bars indicates the direction and the magnitude of changes in country rankings if the aggregation methodology
shifts from equal weighting to PCA. Positive numbers imply an improvement in the ranking and negative numbers imply a drop.

The results indicate significant overlaps across figure, similar trends are observed in both years of
the two aggregation methods. In particular, when the index. When comparing the two components
using the PCA methodology, approximately 60% of the CCE Index, expectedly, there is less

of the countries either do not change their rank variation in the rankings for the CCE Enablers

or the changes are minimal (+1) in the rankings of sub-index, based on the methodology change

most countries (Figure A.2[a]). As displayed in the (Figure A.2[c]).
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Cross-Validity Analysis

Ensuring that the CCE Index measures its intended
conceptual focus is another crucial validity test. If
the correlations between the individual indicators
and the aggregated indicators are 1 (or above

0.9 according to Lafortune et al. [2018]), then a
multicollinearity problem would arise. This would
imply that some of the indicators or aggregated
indicators are redundant or capture their conceptual
focus weakly. Table A.2. presents the correlations
across all the aggregated index components for

the 2021 and 2022 scores. While the test was
performed for all the indicators included in each
sub-group, the results are not reported here, for
brevity.

As shown in the table, no multicollinearity is
observed from the results. It is worth noting that
correlations across the CCE Performance indicators
are significantly stronger across the indicators

under each CCE Enablers dimension, while
multicollinearity does not appear from the result.
These results are statistically significant according to
conventional levels.

Table A.3. Correlation matrices across aggregated sub-indices and dimensions.

(@) CCE Index 2021 components

1 2 3 4 5 6 7
1 av_perf0100_2021 1.00
2 av_opl_dim0100_2021 0.56 1.00
8 av_policyind20210100 0.65 0.35 1.00
4 av_techind20210100 0.58 0.55 0.70 1.00
5 av_finind20210100 0.71 0.55 0.80 0.81 1.00
6 av_beiind20210100 0.67 0.50 0.81 0.81 0.84 1.00
7 av_seeind20210100 0.59 0.42 0.56 0.66 0.62 0.79 1.00
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(b) CCE Index 2022 components

1 2 3 4 5 6 7
1 av_perf0100_2022 1.00
2 av_opl_dim0100_2022 0.58 1.00
3 av_policyind20220100 0.68 0.38 1.00
4 av_techind20220100 0.58 0.57 0.69 1.00
5 av_finind20220100 0.72 0.56 0.79 0.82 1.00
6 av_beiind20220100 0.70 0.52 0.81 0.80 0.83 1.00
7 av_seeind20220100 0.61 0.44 0.55 0.66 0.62 0.77 1.00

Source: Authors’ construction.

Note: All the bold correlation coefficients are statistically significant at the 1% level and the rest are statistically significant at the

5% level.

38



Appendix 3. 2022 and 2021 CCE Index Results

Enablers dimensions Oil Producers Lens (OPL)
Technology,
2022 CCE Index Policies  knowledge  Finance Performance
Results Total CCE Perfor.mance Ena!:lers and. ) and ) i and BI..ISi ness Sys_tem stfb-index . QPL
Index sub-index | sub-index [ regulation innovation investment environment resilience | Total OPL  (with OPL) indicators
3 5| 8 5|8 58 5|8 5|8 G| 8 5|8 G |3 5| 8 5|8 5
%] | o C|® c|® T | o T |o c | on T |o C|® T | n C|® o
Norway 69.68 1 69.25 17012 7 (6531 10 5233 10 68.16 8 77.93 1 868 2 |7283 1 75.54 1 8184 4
Netherlands 65.53 2 56.58 2 7448 3 |63.12 12 66.75 7 86.73 1 75.11 8 8070 7 |7236 2 70.23 2 8389 2
Germany 63.33 3 48.56 6 |7810 1 |8346 2 76.04 4 7254 6 76.87 4 8158 6
United Kingdom 61.98 4 50.63 4 | 7333 4 |90.00 1 5619 8 6018 12 75.85 6 8441 4 |6840 3 63.48 3 7633 5
Switzerland 6159 5 47.67 7 [75.52 2 |5539 15 79.47 2 8029 2 69.13 15 93.32 1
Spain 60.21 6 54.47 3 |6594 127661 5 3518 18 78.20 3 70.67 11 69.06 18
France 58.16 7 44.80 9 | 71562 5 |80.73 3 528 9 7494 5 71.95 9 7710 11
Canada 56.68 8 45.35 8 |68.01 11 (71.74 7 46.75 12 6575 9 77.90 2 7791 106129 5 54.56 8 63.77 14
United States 56.59 9 44.21 10| 6896 10|67.39 9 6794 6 5324 14 76.15 5 80.06 8 |63.34 4 57.72 5 7122 9
Australia 55.74 10 | 48.94 5 |6254 13|71.57 8 4419 14 5059 15 77.46 3 6886 21]59.79 6 57.04 6 65.13 12
Republic of Korea 53.21 11| 37.39 15|69.04 9 | 6478 11 78.00 3 64.16 10 69.24 14 69.00 19
Japan 52.63 12| 34.15 19| 7111 6 |77.83 4 7032 5 6253 11 7528 7 69.58 16
Italy 47.37 13| 34.93 17 |59.81 14 (76.00 6 37.02 16 46.45 17 68.39 16 71.22 14
Chile 46.86 14| 40.96 12 |52.77 18 [54.84 16 16.34 40 77.15 4 60.13 23 55.38 41
Singapore 46.86 15| 2445 40 (69.27 8 |49.08 26 79.60 1 70.13 7 61.28 20 86.23 3
Brazil 43.01 16| 39.79 13 |46.23 23 |54.62 17 2449 25 3201 25 63.53 17 56.53 40 |50.52 10 54.81 7 69.83 11
United Arab Emirates 42.48 17| 31.86 23 |53.10 17 [48.65 27 29.30 21 50.02 16 70.54 12 67.01 24 |50.75 9 48.40 13 64.94 13
Costa Rica 41.63 18| 42.17 11| 41.10 31 (51568 19 1491 45 16.04 40 49.92 45 73.04 12
China 40.83 19| 2477 39 |56.90 15]50.02 23 50.44 11 58.08 13 71.10 10 54.88 42 |5275 7 48.60 11 72.44
Mexico 39.86 20| 30.93 24 (48.80 20 (51.77 18 2835 22 36.69 22 61.01 21 66.16 26 | 46.74 13 4468 16 58.42 17
Poland 38.66 21| 23.56 45|53.75 166150 13 2779 23 3893 20 70.46 13 70.09 15
Saudi Arabia 38.63 22| 3459 184268 29 |40.95 36 2328 26 14.84 44 6284 18 71.49 13 |5152 8 60.36 4 86.13 1
Colombia 37.75 23| 31.89 22 |43.61 26|49.77 24 16.74 38 39.03 19 5462 37 57.90 37
Malaysia 37.57 24| 2577 35(49.36 19 (4442 32 4453 13 29.56 26 60.60 22 67.69 22|47.03 12 4470 15 63.63 15
Jordan 37.17 25| 37.67 14 |36.66 383201 42 1727 36 1537 43 53.62 40 65.03 27
Viet Nam 36.99 26| 26.16 33 | 47.81 21 |4564 28 3562 17 4262 18 62.32 19 52.87 45
Kazakhstan 36.82 27| 28.45 314519 25(50.93 21 1268 51 3503 24 5823 29 69.10 17 |43.84 14 4248 19 56.52 19
Tirkiye 36.21 28| 29.70 27 |42.72 28 (4929 25 2290 27 2452 28 5882 28 58.09 36
Argentina 3497 29| 29.20 28 |40.74 32 |44.44 31 1719 37 2526 27 55.04 35 61.79 32| 4262 16 44.50 17 59.81 16
Thailand 34.87 30| 2250 514724 22|50.19 22 3292 20 36.09 23 60.00 24 56.98 38
Qatar 34.66 31| 25.91 34 |143.40 272059 59 3318 19 19.70 34 59.72 25 83.79 5 |48.76 11 54.13 9 8234 3
Russian Federation 3454 32| 23.46 47 |45.61 24 (5839 14 2268 29 19.76 33 59.71 26 67.53 23 |40.35 18 35.08 22 46.70 23
Philippines 34.37 33| 30.03 253872 332953 47 3890 15 19.28 36 54.35 38 51.51 46
Ecuador 3433 34| 3569 163297 464521 29 1221 52 463 63 46.15 51 56.65 39
Peru 32.51 35| 3280 20 (3221 48 (2920 48 10.34 56 14.80 45 5256 42 54.16 44
Indonesia 3222 36| 2893 29 (3552 39(31.78 43 21.64 31 1937 35 5733 31 47.48 493863 19 4173 20 5453 22
Dominican Republic 31.89 37| 2865 303513 414023 38 13.58 48 1230 51 47.06 50 62.46 30
Egypt 31.70 38| 29.81 26 | 33.60 45 |30.50 45 17.53 35 12.34 50 48.15 49 59.45 343826 20 4293 18 56.04 20
Bahrain 31.67 39| 25.02 383832 342690 52 1519 43 2436 29 5898 27 66.19 25
South Africa 30.80 40| 19.82 56 |41.78 30 |5155 20 19.02 32 3827 21 56.27 33 43.79 50
Kuwait 30.28 41| 23.78 43 (36.77 37 (17.47 61 1845 34 13.25 49 5467 36 80.01 9 [4268 15 4858 12 73.39
Azerbaijan 29.73 42| 2426 413521 40|2450 53 13.77 46 17.24 39 57.48 30 63.05 29|41.37 17 4753 14 70.80 10
Morocco 29.14 43| 2090 54 |37.38 36 |4405 33 1556 42 18.63 37 5418 39 54.46 43
Tunisia 28.99 44 2349 463449 44 |3467 40 1898 33 9.15 55 4935 47 60.31 33
India 28.36 45| 21.67 53 |35.05 42 |41.93 34 2452 24 17.72 38 56.60 32 3448 56 |37.52 22 39.98 21 5829 18
Sri Lanka 28.17 46| 2420 423214 49 |39.41 39 9.49 58 13.29 48 49.89 46 48.63 48
Angola 27.58 47 | 8273 212243 62| 17.01 62 3.43 64 2240 32 3426 64 3505 55|37.54 21 5266 10 7258 7
Ghana 27.30 48 | 2548 36 29.12 52 |40.25 37 10.99 54 1549 42 4366 57 3520 54
Lebanon 26.57 49 | 22.75 50| 30.39 51 |31.07 44 1497 44 23.14 31 45.01 53 37.74 52
Oman 2595 50| 14.44 61 |37.45 35|16.37 64 2281 28 23.30 30 5583 34 6893 20(36.09 23 3473 23 55.02 21
Iraq 25,57 51| 2826 322289 61)|16.40 63 553 63 955 53 43.05 58 39.90 512444 27 2599 25 23.73 26
Guatemala 2544 52 2299 48 |27.89 54 |21.06 57 13.44 50 8.93 57 4546 52 50.54 47
Uzbekistan 25.32 53| 18.42 573222 47|2278 56 6.97 62 1473 46 5324 41 63.37 282557 26 18.92 27 19.41 27
Cote D'lvoire 25.15 54 2219 52 |28.10 53 |41.51 35 7.67 61 1573 41 4392 56 31.70 59
Iran 2492 55| 15623 60| 34.62 433294 41 2164 30 9.69 52 5022 44 5860 35)|30.02 24 2543 26 3562 25
Bangladesh 2424 56 25.10 37 23.38 58 |23.11 55 824 60 8.81 58 4495 54 31.77 58
Algeria 24.07 57| 17.20 58 |30.95 50|27.14 51 10.36 55 3.75 64 5149 43 6201 312233 28 13.70 28 10.21 28
Kenya 23.60 58 20.38 55|26.81 56 |28.12 49 13.65 47 557 61 49.29 48 37.46 53
Pakistan 2293 59 23.60 442225 63|23.93 54 16.32 41 13.45 47 4424 55 13.34 64
Cameroon 21.86 60| 2286 49|20.85 641979 60 9.38 59 6.20 60 40.15 62 28.73 61
Tanzania 19.30 61| 1570 59 |22.89 60|27.85 50 9.71 57 9.02 56 41.29 60 26.58 62
Nigeria 19.17 62| 11.36 62 |26.99 55|44.75 30 1357 49 502 62 41.81 59 29.78 60 |27.71 25 28.43 24 4550 24
Ethiopia 17.28 63| 11.11 63 [ 23.45 57 |20.99 58 16.47 39 947 54 3834 63 31.96 57
Uganda 15.56 64 8.10 64 [ 23.02 59 |30.33 46 11.10 53 850 59 40.38 61 24.77 63




Appendix 3. 2022 and 2021 CCE Index Results

Enablers dimensions Oil Producers Lens (OPL)
Technology,
2021 CCE Index Policies  knowledge  Finance Performance
Results Total CCE Perfor_mance Ena!:lers and_ ) and ) . and Bl..lsiness Sys’.(em st,b-index ) .OPL
Index sub-index sub-index | regulation innovation investment environment resilliance | Total OPL  (with OPL) indicators
@ ~ @ ~ @ ~ @ ~ o ~ o ~ o ~ o ~ o ~ o ~ @ ~
o [=4 o c o [=4 o o c [s] c [s] c [s] c o c o c [s] c
g &lg &|la &l &|a &l &|a &|a &|d8 &|8 &|8 &
Norway 65.78 1 60.47 1 71.10 6 | 65.31 9 5102 10 73.18 2 78.22 1 87.76 2 [71.05 2 71.00 1 81.53 4
Netherlands 63.36 2 52.24 2 | 7448 2 |63.12 10 66.55 7 86.95 1 75.25 8 8055 7 |71.25 1 68.02 2 8381 3
Germany 61.95 3 47.09 4 176.80 1 8346 2 77.41 4 64.01 7 77.03 4 8211 6
United Kingdom 60.98 4 48.85 3 |7311 3 |90.00 1 5757 8 5815 12 75.89 7 8393 5 |67.82 3 62.53 3 7621 5
Switzerland 59.78 5 47.03 5 |7253 4 |5539 15 81.03 1 6271 10 69.51 15 94.00 1
France 56.04 6 41.08 9 |70.99 7 |80.73 3 5359 9 71.70 4 71.91 9 77.04 M
Canada 55.48 7 43.29 6 |67.68 117174 7 46.98 12 63.73 8 77.39 2 7856 9 |60.58 5 53.48 7 63.68 14
Spain 54.02 8 43.04 8 | 6500 12|76.61 5 3554 18 73.03 3 70.43 10 69.39 19
United States 53.19 9 38.31 11 68.07 10 61.93 12 6921 6 5266 15 76.11 5 8044 8 |61.03 4 53.98 6 69.65 11
Japan 5260 10| 33.96 167124 5 (7768 4 7171 5 61.46 11 7592 6 69.44 18
Australia 50.42 11| 37.49 126335 137157 8 4587 13 53.08 14 77.05 3 69.17 21|57.00 6 50.66 10 63.82 13
Republic of Korea 49.86 12| 31.10 216861 9 |6278 11 78.04 2 63.09 9 70.03 11 69.14 22
Singapore 46.66 13| 24.33 3716898 8 |49.08 25 7761 3 69.73 5 61.49 19 87.00 3
Italy 46.54 14| 33.58 17 |59.51 14 |76.00 6 36.74 16 45.10 17 68.29 16 71.41 14
Chile 4497 15| 39.84 10 |50.10 18 |54.84 16 16.48 39 65.15 6 58.19 27 5587 41
United Arab Emirates 41.86 16| 31.07 225264 17 |48.65 26 28.69 21 4536 16 69.86 12 70.66 15|51.29 8 49.94 11 68.80 12
Costa Rica 41.83 17 | 43.15 7 | 40.51 314958 22 1499 43 17.26 40 48.62 45 72.09 13
Brazil 40.58 18 | 35.39 13 |4576 23 |54.62 17 2449 25 3166 25 61.64 18 56.39 40 |49.18 10 52.60 8 69.81 10
China 40.02 19| 2441 365563 15|50.02 20 48.98 11 54.01 13 69.68 14 5546 42|51.95 7 48.28 12 72.15
Saudi Arabia 38.03 20| 3416 15]4191 303895 38 2323 26 13.10 49 61.66 17 7260 12|51.11 9 60.31 4 86.46 1
Poland 37.63 21| 2256 455271 16 |61.50 13 27.47 23 35.17 22 69.81 13 69.58 16
Mexico 37.54 22| 27.83 27 |47.25 20|49.77 21 28.34 22 3279 24 59.36 22 6598 26|4554 13 43.84 16 59.85 16
Colombia 37.00 23| 30.84 23 |43.17 26 |47.77 27 16.92 37 40.19 20 53.88 36 57.07 38
Viet Nam 36.36 24| 25.63 33 |47.09 22 |45.64 28 3575 17 42.00 19 59.72 21 5235 45
Turkiye 36.16 25| 29.57 24 | 4274 27 |49.29 24 2317 27 22.67 32 56.69 28 61.86 32
Malaysia 35.92 26 | 22.51 46 [ 49.33 19 | 4442 30 4460 14 2895 26 60.12 20 68.55 24 |45.77 12 4222 17 61.93 15
Thailand 3495 27| 2275 43 |47.15 21]50.19 19 3286 20 3591 21 58.91 24 57.89 37
Jordan 3476 28| 3213 19|37.39 36 |32.01 42 17.24 36 21.40 34 53.53 37 6279 28
Argentina 3466 29| 28.87 26 |40.45 32|4244 32 1765 35 26.59 27 53.50 38 62.04 30|42.15 14 4386 15 58.85 18
Qatar 33.79 30| 25.07 35|4251 282059 58 33.12 19 1556 44 5849 26 84.79 4 |48.68 11 54.85 5 84.63
Ecuador 33.62 31| 3446 143279 46 |45.21 29 1292 51 4.8 63 4453 52 56.43 39
Philippines 33.56 32| 29.04 25)38.09 332953 46 3890 15 18.22 38 5240 39 51.37 46
Russian Federation 32.38 33| 19.16 53 |4560 24 |58.39 14 22.08 29 21.58 33 5896 23 66.99 25|39.74 18 33.88 23 48.60 23
Peru 32.06 34| 3224 18 |31.88 48|29.20 47 10.14 56 1591 43 51.39 42 5277 44
Bahrain 31.67 35| 25.67 32 |37.68 342690 52 1499 44 18.40 37 58.51 25 69.58 17
Indonesia 30.79 36| 26.80 30 |34.78 41|29.78 45 21.58 31 19.27 35 55.30 31 47.96 49 |38.01 19 4124 19 5569 19
Egypt 30.67 37| 27.81 28 |33.52 45|30.50 43 16.91 38 14.16 47 47.39 48 58.66 36 |37.47 20 41.41 18 55.01 20
South Africa 30.58 38| 19.20 52 |41.96 29 |49.55 23 19.02 33 4244 18 54.50 32 44.27 50
Dominican Republic 30.01 39| 25.15 34| 34.87 40|40.23 35 13.69 48 13.83 48 46.05 50 60.56 34
Kazakhstan 29.83 40| 1486 60 |44.80 25(50.93 18 1277 52 3460 23 56.37 29 69.34 20|39.82 17 3484 22 5482 21
Azerbaijan 20.38 41 22.68 44 [36.08 392450 53 1472 46 23.88 30 55.62 30 61.67 334207 15 48.07 13 73.46 7
Tunisia 28.75 42| 2276 42 |34.74 42| 34.67 40 18.94 34 930 57 48.45 47 6232 29
Morocco 28.53 43 20.28 51 [36.79 38 (40.06 36 1537 42 2339 31 5220 40 5293 43
Kuwait 28.02 44| 1866 54 |37.38 37 |17.47 61 19.57 32 16.82 41 5449 33 7855 10|41.80 16 46.22 14 7377 6
Sri Lanka 27.82 45| 23.48 41 |32.16 47 [39.41 37 948 58 14.29 46 48.61 46 48.99 48
India 27.78 46| 21.33 48 |34.23 4414193 33 2449 24 1526 45 5440 34 35.09 543725 22 40.27 20 59.20 17
Angola 27.12 47| 3157 20|2267 61| 1501 64 343 64 26.24 28 31.54 64 37.15 53 |37.46 21 52.24 9 7292
Lebanon 26.76 48 [ 24.16 38 [ 29.36 51 (29.07 48 1491 45 1910 36 4562 51 38.08 52
Oman 26.62 49 15.80 59 [ 37.44 35(16.37 63 2237 28 2553 29 5434 35 6858 23 (3624 23 3504 21 5428 22
Ghana 26.14 50 ( 24.06 39 (28.22 533825 39 10.98 54 17.41 39 40.93 58 33.54 56
Iran 25,53 51 16.61 58 | 34.44 4313294 41 2162 30 9.67 55 48.86 44 59.11 35| 30.72 24 27.01 25 37.40 25
Iraq 2551 52| 2777 29 (23.26 58 |16.40 62 4.88 63 10.12 53 41.13 57 43.77 51 |24.74 27 2623 26 24.69 26
Cote D’'lvoire 25,50 53 | 22.36 47 | 28.64 524151 34 7.67 61 16.77 42 4225 56 34.98 655
Uzbekistan 25.056 54 18.45 55([31.64 492278 55 6.91 62 1258 50 5216 41 63.77 27 (2533 26 19.03 27 19.60 27
Algeria 23.82 55| 17.04 57 [30.61 50 (27.14 51 10.39 55 356 64 49.99 43 6200 312242 28 1423 28 11.42 28
Pakistan 23.72 56 26.05 31 [21.40 63(21.93 56 16.31 41 1256 51 42.41 55 13.79 64
Bangladesh 23.60 57| 23.90 40 (23.31 57 [23.11 54 894 60 9.31 56 43.08 54 3209 57
Kenya 23.31 58 20.29 50 (26.33 55(28.12 49 13.70 47 10.61 52 4729 49 31.93 58
Guatemala 2248 59 18.18 56 (26.78 54 (19.06 60 13.44 50 7.44 60 43.97 53 49.98 47
Cameroon 20.71 60| 20.61 49 (20.80 64 (19.79 59 939 59 6.44 61 3854 62 29.83 60
Nigeria 19.05 61| 11.99 62| 26.11 56 | 4275 31 1357 49 487 62 40.38 59 29.01 61|28.13 25 30.14 24 48.28 24
Tanzania 18.52 62| 14.80 612224 62|27.84 50 970 57 849 59 3935 61 2581 62
Ethiopia 1713 63| 11.11 63 |1 23.16 59 | 20.99 57 16.47 40 9.75 54 37.14 63 31.47 59
Uganda 15.46 64 8.06 64 [ 22.86 60 [ 30.33 44 11.10 53 8.61 58 39.58 60 2470 63
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Endnotes

' There are different ways of grouping the various ‘CCE activities’ under each R. For other taxonomies, see
Luomi et al. (2021), Table 2, and Luomi, Yilmaz, and Alshehri (2021b).

2The detailed country selection criteria are presented in Appendix 1.

3The CCE Index adopts a simplified version of the official U.N. English spelling of country names. This
is applied across the figures in this discussion paper, as well as in the CCE Index portal. The spelling
is based on the list of U.N. Member States: https:/www.un.org/en/about-us/member-states (accessed
September 25, 2022).

4From 2022 onward, the CCE Performance sub-index excludes firewood and waste from its renewable
energy indicator. A number of lower-income countries, particularly in Africa, generally have higher rates
of firewood in their energy mix, which are not counted from this edition onward. Similarly, this edition
has introduced a second component to the natural sinks indicator to reward countries that have larger
forest-to-total-land-area ratios. Please see Appendix 1 for the rationales behind these changes.

*This is likely to reflect the fact that all its seven indicators come from other composite indicators.
Composite indicators generally seem to tend to give countries fewer aggregate scores of zero or close to
zero — similar to the CCE Index.

¢For the 2022 CCE Index, 30 major oil and gas producers were initially included in the country selection,
but Libya and Turkmenistan did not qualify for inclusion due to insufficient data availability. For inclusion
criteria, see Appendix 1.

"These year-on-year changes translated differently into changes in country ranks. In most cases, countries
either retained their rank or moved up or down by between one to three ranks. The only exceptions were
Guatemala (which moved up from rank 59 to 52), Kazakhstan (up from 40 to 27), Iran (down from 51 to 55)
and Bahrain (down from 35 to 39).

8This sub-index saw a lot of movement in country ranks. Most countries fluctuated within a range of

five. The exceptions to this were Kazakhstan (which moved up from 60 to 31), Kuwait (up from 54 to 43),
Malaysia (up from 46 to 35), Guatemala (up from 56 to 48), Australia (up from 12 to 5), Russia (up from 53
to 47), the Republic of Korea (up from 21 to 15), Pakistan (down from 31 to 44), Lebanon (down from 38 to
50), Thailand (down from 43 to 51) and Bahrain (down from 32 to 38).

°Detailed information about the years of data used for each indicator for both the 2021 and 2022 editions
is available via the CCE Index web portal and the 2022 CCE Index codebook (available via the web portal).

1°0On CCE Enablers, all but one country saw their ranks remain the same or increase or decrease by one
or two ranks between 2021 and 2022. Irag’s rank fell by three (from 58 to 61).
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