
1



Reporting Scope III emissions at CERN
• CERN tracks annual Scope I and II emissions, and 

recently estimated scope III emissions using 
spend-based methods

• Complex global supply chains challenge accurate 
Scope III reporting, especially for bespoke projects 
like LHCb.

• LHCb Upgrade II FTDR includes the first detector 
impact report, projecting 4,400 tonnes 
CO₂e/year—excluding Scope III.

CERN-ENV-REPORT-2023-001; CERN-LHCC-2021-012, LHCB-TDR-023 
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~20 metres

Simulation as a solution 

• Simulation software at the LHC depends on 
detailed digital models of geometry and 
materials—akin to “digital twins.”

• We propose repurposing these models to 
automate Scope III emission estimates for 
detector components.

• This enables efficient, repeatable cradle-to-gate 
impact assessments based on simulated 
materials.

LHCb Upgrade 1 simulation visualiser 
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Overview of implementation 

• Supports end-to-end automation of the inventory 
extraction and impact assessment processes

• Provides the first detector and sub-detector wide 
Scope III impact assessments for LHCb and 
beyond
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Inventory extraction using ROOT

• Inventory analysis is a key challenge in 
large-scale LCAs, requiring detailed 
input/output tracking.

• By parsing GDML geometry with ROOT, 
we reconstructed material quantities 
from LHCb simulations.

• This yielded a 4,600-tonne inventory—
82% of the expected total for LHCb I. 
Can analyse further at sub-detector 
level.

Inventory results for LHCb

LHCb Upgrade I inventory results
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Life Cycle Analysis with 
OpenLCA

• We use OpenLCA software to access IDEMAT 
database via IPC communication for consistent, 
comparable impact assessments

• Materials are manually mapped to database 
entries before impacts are exported

• A custom GUI improves usability and supports 
sensitivity analysis by enabling selective data 
handling

Using GUI to select database flows for analysis 6



Summary and Conclusions

• Public LHCb Upgrade I files yield ~13,000 
tonnes of embedded CO₂e, with 5% 
uncertainty from sensitivity analysis

• Implementation is transferable to any GDML-
compatible simulation 

• Offers the first repeatable framework for 
detector/sub-detector wide Scope III impact 
assessments.
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Geometry 
description 
markup language 
(GDML)
For LHCb.gdml there are:

• ~100 materials

• ~2000 volumes

• ~3000 solids (~700 
composites)
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