Circomod Policy Brief 3: /@
Circular economy, material demand,  ‘‘rcoviod

and the macroeconomics of N/
decarbonisation

CIRCOMOD is an EU research project that develops integrated models, data and decision-support tools to assess how
circular economy strategies can reduce greenhouse gas (GHG) emissions and material use at scale.

Executive summary

This brief is part of a series produced by the CIRCOMOD project, which models the contribution of circular economy
strategies to climate mitigation across sectors and regions. The CIRCOMOD project organises circular economy (CE)
action into three archetypes: narrowing strategies, which reduce demand for materials and services at source; slowing
strategies, which extend the useful life of products and materials already in circulation; and closing strategies, which
keep materials in use at end of life through recycling and recovery. CIRCOMOD Policy Brief 2 covers the CE climate
mitigation potential in full; this brief focuses on the economic dimensions.

This brief is addressed to EC DG TRADE, DG INTPA, and DG CLIMA, to UNFCCC parties engaged in the next round of
Nationally Determined Contributions (NDCs), and to development finance institutions active in Just Transition
partnerships.

KEY MESSAGES

1. Material demand and equity. Climate policy substantially increases material demand. Under 2°C scenarios,
cumulative electrification-driven steel demand rises 12-63% over the century relative to baseline; aluminium 8-
87%; copper 9-71%. CE strategies moderate but cannot eliminate this surge. The Global South is less able to
lower material demand by employing CE levers: Africa, India+, and Rest of Asia currently have service levels at or
below the targets that narrowing strategies are designed to reach, so demand reduction levers are not
appropriate or desirable. CE effectiveness is therefore structurally concentrated in high-income regions, while the
regions least able to deploy CE demand-reduction tools are simultaneously those most likely to be asked to
expand extraction and supply of transition-critical materials to meet global energy transition demand.

2. CE mitigation is strategy-specific. Not all CE strategies reduce emissions. Across the global economy (beyond
industrial emissions discussed in Policy Brief 2), narrow strategies deliver the largest mitigation contribution,
reaching up to 6% additional global emission reduction in 2050 relative to the reference scenario. The slow
strategy can increase emissions by up to 2.5% globally by locking in less efficient vehicle stock. CE policies
generate substantially larger emission reductions when implemented alongside ambitious climate pricing.




3. Economic outcomes depend on how CE is put into practice. Abrupt regulatory shocks can depress growth
where CE targets are assumed to emerge through gradual shifts in consumer and firm behaviour rather than

regulatory mandates, modest positive GDP effects are possible. The key question is how to limit disruption while
ensuring progress, for example by setting clear long-term trajectories and aligned price signals so that markets
can adapt.

4. CE recycling strategies improve EU supply security for critical materials, but gains are selective and can
be undermined by conflicting CE policies. Closing strategies - which expand domestic recycling - reduce EU
net import dependency for primary aluminium and copper and improve self-sufficiency ratios for both materials
under current and 2°C scenarios. These gains do not generalise across all materials: import dependency for
primary steel increases under most CE strategy combinations. Crucially, lifetime extension measures that reduce
product turnover constrain end-of-life scrap availability, partially offsetting recycling gains - a policy interaction
that CE policy design should explicitly manage.

Why now

The material requirements of the energy transition are now a live policy question, not a modelling abstraction. The EU
Critical Raw Materials Act (Regulation 2024/1252), the Carbon Border Adjustment Mechanism (Regulation 2023/956),
and the industrial pillar of successive Nationally Determined Contribution rounds each implicitly engage the question
of which regions are asked to extract and supply the raw materials the energy transition demands, on what terms, and
whether the costs of doing so are equitably distributed. The distributional consequences of that question have not been
resolved by current policy instruments.

CIRCOMOD Deliverable 6.1 finds that demand-side strategies deserve greater attention in climate mitigation portfolios.
The same analysis notes that they are also the most challenging to implement because they often require changes in
infrastructure, urban planning, mobility systems, housing patterns, business models and consumption practices. This
finding carries a structural qualification: where material service levels remain below decent living standards thresholds,
narrowing strategies are inaccessible by design, and CE policy must take a different form.

The macroeconomic consequences of CE strategies have now been assessed in an economy-wide framework for the
first time within CIRCOMOD. Deliverable 6.2 uses two computable general equilibrium models, ICES-CE and GEM-E3,
which illustrate the plausible range of two distinct implementation approaches, from assumed gradual shifts in
consumer and firm behaviour to explicit requlatory mandate. This provides a new analytical basis for integrating CE into
economic policy instruments alongside emissions accounting.

What the models show
Finding 1: Material equity: CE effectiveness is structurally concentrated

CE effectiveness is structurally concentrated in the Global North. In Africa, South Asia', and Rest of Asia, material service
levels are already at or below the targets that narrowing strategies are designed to reach, leaving limited scope for
further demand reduction without constraining essential development. Ambitious climate policy simultaneously raises
copper and aluminium demand in those regions by 55% and 25% respectively above the SSP2 baseline by 2050.
Together, these findings identify the distributional dimension the macroeconomic assessment addresses: the regions
with the least capacity to moderate material demand through CE strategies face the largest increases in material
requirements from climate policy, and are the primary sources of the extraction and supply the energy transition
demands - without financing frameworks calibrated to that obligation. For the full CE mitigation analysis, see
CIRCOMOD Policy Brief 2.

1 South Asia corresponds to the 'India+' regional aggregation used in D6.1, which covers India and the rest of South Asia across mo
participating models.
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Figure 1: Residential floorspace per capita (m%cap) by region under baseline and narrow scenarios (IMAGE 3.4).
Source: CIRCOMOD Dé.1, Figure 48.

Finding 2: CE mitigation is strategy-specific; rebound is a macroeconomic mechanism

Both macroeconomic models confirm that narrowing dominates CE's mitigation contribution. Combined with an ambitious
2°C climate policy, narrowing adds up to 6% to global emission reductions by 2050 (6% in GEM-E3, 2.5% in ICES-CE).
These findings refer to emission reductions across the entire global economy, which contrasts with the emissions reduction
potential discussed in Policy Brief 2 (which focuses on industrial emissions only). These gains are partially offset by rebound
effects: freed-up household budgets get reallocated to goods and services with their own emissions footprint, eroding
approximately half of the initial savings. In ICES-CE, approximately 200 MtCO2 of rebound is attributable to the modal shift
from private cars to public transport, primarily from road transport where buses still run on fossil fuels.

The slow strategy can actively increase emissions, for example where extending vehicle lifetimes delays replacement of
combustion engines with electric alternatives. Across vehicles and buildings, slow raises global emissions by up to 2.5%
and EU emissions by up to 3% (GEM-E3, by mid-century). For buildings and transport policy implications, see Policy Brief
4. Under a 2°C scenario, higher carbon prices limit reallocation of spending toward emissions-intensive goods, raising CE's
global emission contribution from 1% to 2.5% of world emissions — a direct synergy between CE and climate policy.

Finding 3: GDP effects depend on implementation method

GDP outcomes diverge sharply depending on how CE policies are implemented. ICES-CE, which models CE as
exogenous, gradual shifts in consumer and firm behaviour rather than as the output of any specific policy instrument,
produces small positive GDP effects in almost all regions: up to +$300 billion or +0.15% of gross world product by 2050
under current climate policies. EU GDP registers a +0.17% gain with all CE strategies combined; Poland, Italy, and Spain
benefit most, with Poland reaching +0.58%. GEM-E3, which models CE as regulatory mandates, produces GDP declines.
Combined with a 2°C scenario, the narrowing package reduces world GDP by 2.24% by 2050 relative to SSP2 (2.50%
for narrowing focused on activity reduction, 2.30% for the full narrow-slow-close package). The declines grow over time,
from roughly 1% in 2040 to over 2% by 2050. EU GDP under CE plus a 2°C scenario ranges from -0.6% to narrowly
positive depending on strategy. The divergence reflects implementation method rather than model error. Voluntary CE
reallocates household spending toward services and industry, generating positive income effects. Regulatory CE
mandates the same shifts, suppressing output in construction, transport, and material sectors and lowering GDP. Only
the model considering CE as regulatory mandates (GEM-E3) models employment results, and finds net negative
outcomes across CE strategies. Job losses in construction, energy, and primary materials outweigh gains in secondary
materials and recycling. Under CE combined with a 2°C scenario, global unemployment rises by approximately 2.4-3.0
percentage points by 2050, with narrowing strategies driving the largest effects.
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Figure 2: GWP variations due to CE policies relative to the SSP2 reference scenario, by model and CE strategy. Source:
CIRCOMOD Dé.2, Figure 3.

Finding 4: CE improves EU material trade position selectively

When all three CE strategies are applied together, they reduce EU netimports of primary aluminium and of primary and
secondary copper, while increasing net imports of primary steel and secondary aluminium and steel. Gains are driven
primarily by the close strategy through increased domestic recycling activity, which reduces how much the EU relies on
imports to meet material demand and raises the share of demand covered by domestic production for primary
aluminium and copper, under both SSP2 and 2°C scenarios. The slow strategy partially undermines these gains: by
extending product lifetimes, it reduces the availability of end-of-life scrap, constraining secondary material production
and increasing pressure on primary material imports.
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Figure 3: Changes in Europe net import dependency of selected materials by CE strategy and mitigation scenario.
Source: CIRCOMOD Dé.2, Figure 37.




Policy implications
1. Regional differentiation in CE policy design

CIRCOMOD modelling establishes that CE policy must be regionally differentiated. High-income regions with high
levels of material service provision have the greatest potential for narrowing strategies and should take the lead
in reducing excess material and energy demand. In lower-income regions, where material stocks and service levels
remain below global averages and often below decent living standards, CE strategies should support
development with lower material intensity rather than constrain essential infrastructure growth. CE targets or
policies framed without this distinction risk constraining legitimate infrastructure growth in regions where material
demand is still necessary for development, or overstating the mitigation savings that demand-side strategies can
deliver globally.

2. Equitable terms for transition material supply in climate finance and industrial policy

The energy transition generates a near-term material demand surge in the Global South that is additional to
baseline development needs. Current Just Transition financing frameworks address employment and income
effects of fossil fuel phase-out; the obligation to expand extraction and processing of transition-critical materials -
at environmental, fiscal, and infrastructure cost to the supplying region - is a related but distinct obligation that
warrants explicit treatment in concessional finance design, on terms that reflect the asymmetry between which
regions supply those materials and which regions primarily benefit from the transition they enable. Deliverable
6.1's finding that ambitious climate policy raises copper and aluminium demand in Africa and India+ by 55% and
25% respectively above the SSP2 baseline by 2050 makes this a near-term financing question, not a long-run
structural concern. Development finance institutions have not yet adequately incorporated this dimension into
financing and Just Transition partnership frameworks.

3. CBAM and trade competitiveness for emerging producers

Carbon pricing makes energy-intensive primary metal production more expensive globally. Regions with well-
developed material stocks and recycling industries can shift to lower-carbon secondary production; regions
without that infrastructure cannot, and face higher costs with no viable alternative. The EU's Carbon Border
Adjustment Mechanism (CBAM) charges importers for the carbon embedded in their products but treats all high-
carbon producers the same, whether they are unwilling to decarbonise or lack the scrap availability and recycling
capacity to do so.

CIRCOMOD modelling shows that expanding domestic recycling (rather than taxing imports) is what improves EU
self-sufficiency in aluminium and copper. The ongoing CBAM review should consider whether to differentiate
between producers constrained by scrap availability versus those choosing not to decarbonise, whether to
incentivise recycling capacity development in exporting countries, and whether recycling capacity should factor
into how carbon adjustment rates are set.

4. CE instrument design determines economic outcomes

The economic effectiveness of CE depends on both the carbon pricing environment and the implementation
method. Under current climate policies, households redirect savings from CE measures toward other spending,
including emissions-intensive goods, offsetting roughly half the direct emission reduction. Under a 2°C scenario,
higher carbon prices limit this reallocation, doubling CE's emission contribution and improving its economic
return. Implementation method also matters. Efficiency-focused measures (material substitution and improved
manufacturing yields) are GDP-positive even under regulatory mandates. Demand-reduction measures (reducing
floor space or vehicle use) are GDP-negative under the same approach. CE delivers greater mitigation and better

economic outcomes when embedded within a carbon pricing framework than when deployed as standalone
mandates.




Recommendations

The following recommendations draw on D6.2 modelling results. They are framed as extensions of or adaptations
to existing policy instruments rather than new requirements.

1. Integrate sector-specific employment transition support into CE policy packages for construction,
primary material production, and energy sectors, where modelling projects net job losses under both
standalone CE and CE-plus-climate scenarios. Job losses in these sectors are only partially offset by recycling
and secondary material sector gains under any CE strategy combination. This could be incorporated in the
European Social Fund Plus, Just Transition Fund provisions, or national industrial transition plans.

2. Integrate the material requirements of energy transition build-out into financing frameworks, ensuring
that concessional finance covers not only fossil fuel phase-out support but also the pressure to extract and
supply transition-critical materials that ambitious climate pathways place on resource-rich developing
regions, at environmental, fiscal, and infrastructure cost to those regions. Relevant instruments include Just
Energy Transition Partnerships (JETPs), Climate Investment Funds, and the EU Global Gateway infrastructure
programme.

3. Adapt the CBAM framework to account for asymmetries in secondary production capacity across trading
partners, so that carbon adjustment does not systematically disadvantage emerging producers undertaking
the same industrial transition at lower secondary scrap availability. This is relevant for the implementing
regulation process for the CBAM Regulation (2023/956), and WTO compatibility discussions.

4. Extend the EU Critical Raw Materials Act's supply security framework to include demand-side reduction
through CE closing strategies, recognising that increasing domestic recycling moderates EU import
dependence alongside strategic stockpiling and supply diversification. The results show this is most effective
for primary aluminium and copper. In addition to the Critical Raw Materials Act (Regulation 2024/1252), this
could be incorporated in the EU Industrial Carbon Management Strategy.

5. Align CE policy instruments with ETS2 and resource pricing mechanisms so that household savings
generated by CE behavioural change are not reallocated to emission-intensive spending. Extend this logic
to instrument sequencing: CE standards (such as recycled content mandates, end-of-life requirements,
repairability / right to repair) and extended producer responsibility schemes should be introduced alongside
or after carbon price signals, not in advance of them. Gradual, demand-side CE transitions produce positive
GDP outcomes only when spending reallocation is constrained by complementary price signals; abrupt
regulatory implementation without such signals amplifies economic disruption (D6.2). In addition to the
implementation of ETS2, this is relevant to the resource pricing mechanisms under development in the EU
Circular Economy Act.

Caveats

Several qualifications apply to these findings. First, material stock and service level data for the Global South
remain limited; model results for Africa, India+, and Rest of Asia carry greater uncertainty than those for high-
income regions. Second, the divergence between GEM-E3 and ICES-CE on GDP and employment reflects
different CE implementation methods, not model error; the two models bracket the plausible range and results
should not be collapsed to a single estimate. Third, employment results are available from GEM-E3 only; ICES-CE
does not report employment-specific outputs, leaving the employment implications of voluntary-change CE
scenarios unquantified in D6.2. Fourth, the interaction between slow and close strategies, where lifetime extension
reduces scrap availability and thereby constrains secondary material production, is captured in ICES-CE but notin

GEM-E3; combined CE scenario results should be interpreted with this asymmetry in mind.




Fifth, trade and competitiveness results are most robust under climate policy scenarios where price signals are
strong enough to drive material substitution; CE-only trade restructuring effects are more limited. Sixth, the GDP
range presented reflects differences in modelling approach as well as instrument choice. GEM-E3 applies
mandatory measures abruptly from 2030, likely overstating the cost of a well-sequenced regulatory programme;
ICES-CE treats demand-side shifts as exogenous inputs, leaving the policy instruments and conditions required to
achieve such shifts at scale unmodelled. Sixth, macroeconomic effects in general are sensitive to the chosen
assumptions on rebound effects. The results should be read as a scenario envelope illustrating the sensitivity of
economic outcomes to implementation design, not as fixed estimates for specific instruments.

Further reading

CIRCOMOD Deliverable 6.1: cross-model assessment of CE mitigation potential, global and EU scales.
CIRCOMOD Deliverable 6.2: macroeconomic and trade effects of CE strategies.

CIRCOMOD Policy Brief 1: Tools and methods for policymakers and industry

CIRCOMOD Policy Brief 2: Circular economy as a complementary tool for climate change mitigation.

CIRCOMOD Policy Brief 4: Circular economy policy for buildings and transport in Europe.

I[EA (2021), The Role of Critical Minerals in Clean Energy Transitions: background on material demand projections.

Millward-Hopkins et al. (2020), Providing decent living with minimum energy: framing for decent living standards
thresholds.
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