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Recent research on carbon markets

Carbon border adjustment mechanism
❑ Mehling & Ritz (2023). From theory to practice: Determining emissions in traded 

goods under a border carbon adjustment. Oxford Review of Economic Policy
❑ Mehling & Ritz (2023). Addressing carbon leakage risk to support 

decarbonisation: Consultation response. Department of Energy Security & Net 
Zero and HM Treasury March 2023 Consultation, 22 June 2023

❑ Ritz (2022). Carbon pricing and industrial competitiveness: Border adjustment 
or free allocation? EPRG Working Paper 2211, May 2022

❑ Evans, Mehling, Ritz & Sammon (2021). Border carbon adjustments and 
industrial competitiveness in a European Green Deal. Climate Policy

Carbon pricing
❑ Neuhoff & Ritz (2020). Carbon cost pass-through in energy-intensive industrial 

sectors. EPRG Working Paper 1935, Revise & resubmit at The Energy Journal
❑ Ritz (2022). Global carbon price asymmetry. Journal of Environmental 

Economics & Management
❑ Perino, Ritz & van Benthem (2022). Overlapping climate policies. NBER 

Working Paper 25643, July 2022. Revise & resubmit at The Economic Journal
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https://doi.org/10.1016/j.jeem.2022.102687
https://www.nber.org/papers/w25643
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Strategic context for carbon pricing

Theory: Carbon price alone sufficient for efficient decarbonization

Reality: Carbon pricing sits within wider economic context
§ Additional market failures     

 (innovation, finance, networks, market power, …) 
§ Political & social resistance to carbon pricing
⇒ 2nd best carbon prices not uniform across sectors or countries…

Practice: Climate policy relies on multiple instruments
§ Carbon pricing now ramping up in more jurisdictions
§ Carbon pricing sits alongside lots of other policies 

Þ How to design carbon pricing that works…
…. for consumers, industry & environment?

Source: Ritz (2022). Global carbon price asymmetry. Journal of Environmental Economics & Management
Perino, Ritz & van Benthem (2022). Overlapping climate policies. 
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Policy sequencing towards carbon pricing

Proposals to price carbon often face political & social opposition 
― More salient than other policies, “revenue recycling” with little traction

Þ Using other (non-price) policy instruments can bring down
public resistance & costs and pave the way for carbon pricing in future

Þ On average, 5-18 years of other policies before carbon pricing adopted

Climate policy portfolio

Source: Linsenmeier et al. (2022). Policy sequencing towards carbon pricing: 
Empirical evidence from G20 economies. IMF Working Paper 22/66

sequences, we first consider all possible pairs of instrument types. For each of these 28 pairs,

we examine which of the two instrument types tends to be adopted first across sectors and

countries. We then use the relative timing of these pairs to construct the overall sequence.

Formally, we consider the adoption of two instrument types as events X and Y respec-

tively. Using this terminology, we examine the conditional frequency that eventX is preceded

by event Y across countries and sectors. In mathematical terms, we examine the conditional

frequency f(Yt�1|Xt) whereby Xt and Yt�1 are binary variables indicating whether the two

policies have been decided up to the year t and t� 1 respectively:

f(Yt�1|Xt) =
n(Yt�1 ^Xt)

n(Xt)
(1)

with the number of times an event is observed in the data denoted as n(.). We then

derive the relative order of all possible pairs of instrument types by comparing f(Yt�1|Xt)

and f(Xt�1|Yt). Because we are interested in existing policies at the time of decision of a

new policy, we exclude all observations after an event is observed for the first time (i.e. after

the first time a specific instrument is adoped in a specific sector in a specific country).

Figure 3. Adoption of policies with di↵erent instrument types and sectors over

time in di↵erent countries. Shown are only policies that are the first of their kind in
terms of their country, instrument type, and sector combination. The figure illustrates all
information used for the derivation of policy sequences. See text for explanation and an
example.
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3.2 The build-up of climate policy portfolios over time

The results presented in the previous Section suggest that carbon pricing tends to be adopted

after the adoption of climate policies with all or almost all other instrument types. We use

this insight as motivation to examine whether the climate policy portfolios of countries that

adopted carbon pricing in a specific year systematically di↵er from the portfolios of countries

that did not adopt it.

To do so, we quantify the size of countries’ policy portfolios as the number of instrument

type - sector combinations that a country has already used prior to a given year. The

temporal evolution of the portfolios of countries that eventually adopted carbon pricing is

shown in Figure 5a. The visualisation reveals some interesting patterns. There appear to be

at least three di↵erent kinds of trajectories of how countries built up their policy portfolios

over time. Countries of the first group, including Canada, Japan, and South Africa, exhibit a

relatively rapid expansion of their portfolio followed by a slow further expansion over several

years that eventually includes the adoption of carbon pricing. Countries of the second group,

including Argentina and Switzerland, show a steady gradual expansion of their portfolios up

until the introduction of carbon pricing. Countries of the third group, including the current

EU members in the sample, show a rapid expansion of policies almost immediately followed

by the introduction of carbon pricing.

Figure 5. Development of countries’ climate policy portfolios over time. Shown is
the number of instrument type - sector combinations used in countries’ policy portfolios.

This diversity of trajectories also means that the average time between the adoption of

new instrument type - sector combinations and the adoption of carbon pricing systematically

di↵ers in the sample. For Canada, Japan, and South Africa, this average time is about 18,

13, and 14 years respectively. For Argentina and Switzerland, the corresponding values are

11 and 10 years respectively. For the current EU countries, the average time is about 5 years.
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EU ETS: Journey from free allocation to CBAM

Communication on Green Deal (December 2019)
“the Commission will propose a CBAM, for selected sectors, to reduce 
the risk of carbon leakage” ... “it would be an alternative to the 
measures—such as the free allocation of emissions allowances or 
compensation for the increase in electricity costs—that address the 
risk of carbon leakage in the EU ETS”

CBAM Inception Impact Analysis (March 2020)
“Carbon leakage occurs when production is transferred from the EU 
to other countries with lower ambition for emission reduction, or when 
EU products are replaced by more carbon-intensive imports... a 
CBAM would ensure that the price of imports reflects more accurately 
their carbon content.”
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Is the CBAM “innovative climate policy”?

Theory: No!
2nd-best corrective tariff 

(Markusen, J of International 
Economics 1975)

Practice: Yes!
EU agreement on CBAM introduction 

in December 2022
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Multiple policy considerations for CBAM

① Addressing carbon leakage

② Ensuring “polluter pays principle”

③ Showing climate leadership

④ Safeguarding industrial competitiveness

⑤ Raising fiscal revenue
CBAM revenue + extra allowance auctions

⑥ Incentivizing trade partners to price CO2

Þ CBAM: Almost “no brainer” in theory,
messier in practice…
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Economics of carbon cost pass-through

Theory: Pigouvian logic based on pass-through of carbon costs

Practice: With sub-global policy, pass-through in EITE 
(“emissions-intensive, trade-exposed”) sectors limited by

① International trade 
② Market power
③ Free allocation

Source: Neuhoff & Ritz (2020). Carbon cost pass-through in energy-intensive industrial sectors

⇒ EITE sectors:
CO2 pass-through
typically ≤ 50%

⇒ Higher carbon cost pass-through as rationale for CBAM
Figure 3: Carbon cost pass-through estimates for the EU ETS cement industry

Notes: Estimates are taken from de Bruyn et al. (2015). The graph depicts 95% confidence intervals

(DIW calculations). 1 represents total cement, 2 represents Portland Cement, 3 represents Clinker, Pooled

4 represents Portland Cement estimates for FR, UK, and DE using an OLS regression from Sartor (2017).

UK 1 did not pass a misspecification test.

A small number of recent empirical papers have obtained evidence on the relation-

ship between pass-through of fuel cost shocks and competition using micro-level data.

These papers focus on settings in which our two other potential drivers of pass-through—

international trade and free allocation—play no role. In the EU ETS context, the empiri-

cal evidence is very limited, with Alexeeva-Talebi (2010) finding that higher market power

among industrial firms in relatively homogenous product markets is associated with lower

domestic cost pass-through. Genakos & Pagliero (2022) also find lower pass-through in

more concentrated markets in an application to gasoline retailing in Greece.

Some papers find that competition is associated with lower cost pass-through. Gana-

pati et al. (2020) estimate pass-through of energy cost shocks for six homogenous single-

product US manufacturing industries: boxes, bread, cement, concrete, gasoline, and ply-

wood. For industries also represented in the EU ETS, they find considerable inter-industry

heterogeneity with cost pass-through of 80% for concrete, above 100% for cement, and

36% for gasoline. In terms of market structure, cement is the industry that appears to be

the least competitive but also has the highest pass-through. Miller et al. (2017) obtain a

related result in an analysis of fuel cost shocks in the US Portland cement industry; they

also estimate that cost pass-through exceeds 100% and further find that a larger number

of rivals is associated with weaker pass-through that declines towards 100% with more

competition. Similarly, Kopczuk et al. (2016) does not find strong evidence of greater cost

pass-through of gasoline taxes in US states with more concentrated wholesale markets.

15
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EU CBAM: Key design elements

Timeline
— Transitional phase from 1st October 2023
— Financial obligations from 1st January 2026

Scope
— Start: Cement, iron and steel, aluminium, fertilisers, electricity, hydrogen
— 2030: All EU ETS sectors to be included in CBAM

Free allocation (EITE sectors)

Carbon intensity
— Actual intensity vs default country intensity vs worst-in-class EU intensity

Carbon price
— CBAM certificates at weekly average EUA auction price
— Discount for non-EU carbon pricing incurred

Þ CBAM looking increasingly ambitious (and blueprint for non-EU)

Year 2026 2027 2028 2029 2030 2031 2032 2033 2034

CBAM 2.5% 5% 10% 22.5% 48.5% 61% 73.5% 86% 100%

Free 
allocation

97.5% 95% 90% 77.5% 51.5% 39% 26.5% 14% 0%
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EU CBAM trade exposure in industrial sectors

Value of exports to EU in selected key CBAM sectors (2019 data)

Source: UNCTAD (2021), A European Union Carbon Border Adjustment Mechanism: Implications for developing countries

10A EUROPEAN UNION CARBON BORDER ADJUSTMENT MECHANISM:  IMPLICATIONS FOR DEVELOPING COUNTRIES 
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Figure 2  I   Exports to the European Union 2019 in selected sectors likely to be considered in the CBAM.  
20 most exposed countries in terms of aggregated value of exports (billion $)

Source: UNCTAD based on UN COMTRADE. The list does not include Iceland, Norway and Switzerland because they 
participate in, or are linked to, the ETS. Therefore, it is likely that these countries are exempt from the mechanism. 

⇒ CBAM trade exposure 
concentrated in:

— Aluminium, iron & steel
— Developing countries
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Basic economic impacts of move to a CBAM

Policy instruments
① CBAM tilts competition in favour of domestic producers
② Loss of free allocation does the reverse…

Competitive conditions
❑ Marginal cost of foreign producers ↑ (new CBAM)
❑ Marginal cost of domestic producers ↑ (lost free allocation)

 ⇒ Competitiveness of domestic producers might improve 

Market outcomes
❑ Carbon cost pass-through: Domestic product prices ↑↑
❑ Carbon leakage to rest of world might turn negative 

Þ Insofar as free allocation is weak policy, CBAM is likely better…
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Does a CBAM improve competitiveness? (1 of 2)

q Proxy “competitiveness” by EITE production volume, margins or profits

Question: Is competitiveness higher with policy switch to BCA?

Answer: Under output-based free allocation, competitiveness remains 
stable if CBAM replaces free allocation at the rate:

∆𝑓𝑟𝑒𝑒 𝑎𝑙𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛
∆𝑏𝑜𝑟𝑑𝑒𝑟 𝑎𝑑𝑗𝑢𝑠𝑡𝑚𝑒𝑛𝑡 = −𝑟𝑎𝑡𝑒 𝑜𝑓 𝑐𝑎𝑟𝑏𝑜𝑛 𝑙𝑒𝑎𝑘𝑎𝑔𝑒

Implications:
Recap: Current EU CBAM policy has  ∆"#$$ %&&'(%)*'+

∆,'#-$# %-./0)1$+)
= −1

⇒ Sectors with “high” carbon leakage benefit from switch to CBAM

Source: Ritz (2022). Carbon pricing and industrial competitiveness: Border adjustment or free allocation? 
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Does a CBAM improve competitiveness? (2 of 2)

Intuition?

Carbon leakage is near-zero if foreign producers have:

① Small market share, or
② Highly-differentiated product, or
③ Near-zero carbon intensity

Exactly situations in which CBAM has little “bite”… 
   … so poor substitute for free allocation

Sector with “low” leakage prefers keeping free allocation to CBAM

⇒ Carbon leakage = “sufficient statistic” for competitiveness

Source: Ritz (2022). Carbon pricing and industrial competitiveness: Border adjustment or free allocation? 
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Challenge 1: Export competitiveness

Source: Evans, Mehling, Ritz & Sammon (2021). Border carbon adjustments 
and industrial competitiveness in a European Green Deal. Climate Policy

❑ Current EU ETS free 
allocation supports 
all channels A–C

❑ Import-only CBAM 
cannot support 
export channel B

ÞFree allocation gives 
more holistic support 

ÞCase for continued 
free allocation for 
exports alongside 
CBAM?
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Challenge 2: “Resource shuffling”

Concern for California’s border adjustment on electricity imports 
from Western Interconnection (transaction-based CO2 intensities)

California Air Resources Board: “Any plan, scheme, or artifice to 
receive credit based on emissions reductions that have not occurred, 
involving the delivery of electricity to the California grid”

❑Example: Imports of coal-fired power replaced by gas due to CBA 
but coal-fired power instead redirected to another US state…

❑Resource shuffling is a particular form of carbon leakage:
❑Thought experiment: If carbon intensities identical everywhere, 

no reshuffling but could still have carbon leakage
q California regulation ‘prohibits’ reshuffling—hard to enforce…
Þ CBAM based on default carbon intensity avoids reshuffling…

… but also loses abatement incentive
Source: Mehling & Ritz (2023). From theory to practice: Determining emissions in 
traded goods under a border carbon adjustment. Oxford Review of Economic Policy
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EU CBAM: International reactions are “mixed”

① Introduce your own CBAM
② Introduce your own carbon price
③ Block CBAM/climate club idea

 

 

  

Addressing carbon 
leakage risk to support 
decarbonisation 
A consultation on strategic 
goals, policy options and 
implementation 
considerations 
Closing date: 22 June 2023 
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Conclusions on CBAM

① CBAM close to “no brainer” in theory (since 1975!) but 
surprisingly messy in practice (so thank you to EU!)

② Free allocation of carbon permits is increasingly costly from 
fiscal perspective—and unclear how well it has worked…

③ Switch to CBAM helps especially highly trade-exposed sectors 
with strong carbon-heavy international competition

④ Any sector that supports free allocation over CBAM reveals that 
its leakage problem is likely not very severe to begin with…

⑤ CBAM policy push requires believing that:
fiscal benefits +

“climate club” dynamic +
competitiveness impacts

trade tensions +
reshuffling incentives>


