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Rationale

Energy consumption
10% of total global final energy
27% of industrial final energy

Challenging sector to decarbonize
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Current prescriptions for mitigation
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Fuel and feedstock switching Too many studies to list; some
notable academic authors:

* Non-biomass benefits ‘capped’
* Biomass sustainability challenges

* |PCC total in 2050 ~ 100-500 EJ yr!
*  Economic feedstock ~ 15-17 EJ yr!

Process energy efficiency

* Nodirect impact on feedstock

* Process energy proportion is
declining as a share of the
sector’s total energy inputs

Innovative low carbon processes (incl. CCS)

* Innovation required in advance!

* Scaling and commercial difficulties

* 150 MtCO, yrt in chemical sector by 2025
* Current global capacity 44 MtCO, yr!
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The IEA’s ETP modeling fleet
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*  Four soft-linked models based on simulation and optimisation modelling methodologies
* Model horizon: 2014-2060 in 5 year periods
*  World divided in 28-42 model regions/countries depending on sector

* For power sector linkage with dispatch model for selected regions to analyse electricity system flexibility
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Chemicals model structure overview

Simplified, but substantial coverage...

Technol Process Energy-related ~73% overall energy coverage
echnology emissions emissions - 55% process energy coverage
parameters ~ 98% feedstock energy coverage
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Chemicals model structure overview

Simplified, but substantial coverage...
Process Energy-related ~73% overall energy coverage
TeChnOIOgy emissions ~ 55% process energy coverage
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Carbon capture and utilisation

Captured/utilised

Dilute emissions

Indicative schematic of capture/utilisation routes emissions
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Material efficiency (thermoplastic recycling)

For each resin, region and time slice...

Primary chemical savings ~ f ( N4, Ny, Nes Qp, C)

Where; n, = ‘down-cycling’ factor (%), Ny = recycling yield (%), . = collection rate (%), @, = recyclable plastic (Mt), C = mapping matrix.

How much recyclable plastic is available ?

e.g. Packaging (u—6 months)

Fraction available for recycling

e.g. Construction (u—50 years)
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Primary chemical savings?

What is its composition?
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Scenarios and demand (global)
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Results: Product-focused overview

Energy intensities (LHS graph) and direct CO, intensities (RHS graph) for each chemical/scenario

* B2DS energy intensities higher than 2DS in 2060 — low-carbon routes and capture

Virtually complete decarbonization (~90% per unit of output) is required in the B2DS by 2060

Significant emissions cuts needed early (24-62% per unit by 2030) to avoid greater expense
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B2DS results

HVC production — penetration of various technologies throughout horizon
e Traditional steam cracking routes remain important in 2060

* On-purpose technologies’ importance diminishes in the long-term
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B2DS results

Ammonia production — penetration of various technologies throughout horizon
* Intuitively, coal-based ammonia (even with CO, capture/utilisation) is phased out by 2045

 Renewable hydrogen route only appears attractive after 2055
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B2DS results

Methanol production — penetration of various technologies throughout horizon
* Similar to ammonia; renewable hydrogen route competitive after 2055

* Otherwise feedstock mix remains nearly unchanged in 2060, albeit with CO, capture

e Electrolysis-based methanol
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Summary of CO, capture results

CO, capture — total penetration in each scenario throughout horizon
e 2DS requirements do not diverge significantly from RTS until after 2040

* Much progress is needed — current global capacity for all applications is roughly 44 MtCO,
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Summary of material efficiency savings

Material efficiency — secondary plastics production/subsequent primary chemicals demand
e Majority of impact on HVCs as pre-cursor monomers are principally olefins and aromatics

 More than a fifth of thermoplastic demand is met by secondary routes in 2060
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Fossil fuel feedstocks Primary chemical production Intermediate chemical production Chemical products

513.4 million tonnes ; I \ | 1 ) 820.3 million tonnes

Secondary products
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Thank youl!

Questions and comments welcome

pgl26@cam.ac.uk
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