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Motivation

Impact of Coupled Model Intercomparison Project (CMIP6)
¥ 21 model intercomparisons
¥ 190 experiments
¥ 40,000 years of simulation
¥ 40 PetaBytes of data

The computational and energy cost of simulation and storage for 
climate science: lessons from CMIP6, Acosta, et al.

! ~14,000 MWh / 1692t CO2-eq for simulations  (120 g CO2-eq / kWh)

About the amount of resources necessary to perform the CMIP6 
Simulations, Acosta, et al.

! ReÞnement of previous paper

https://gmd.copernicus.org/articles/17/3081/2024/gmd-17-3081-2024.pdf
https://gmd.copernicus.org/articles/17/3081/2024/gmd-17-3081-2024.pdf
https://zenodo.org/records/11110391
https://zenodo.org/records/11110391


CSCS Energy EfÞciency

¥Power Usage Effectiveness (PUE) ~1.2   

¥Computing facility power / Cabinet power

¥Cooling water from Lake of Lugano

¥Piz Daint: Green500, Ôgreenest petaßop computerÕ in the world at 
SC13

¥Electricity contract:  Òcarbon-neutralÓ electricity; we pay roughly 
CHF 0.01 per kWh for certiÞcation that our electricity is renewable
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https://www.hpc-ch.org/cray-xc30-piz-daint-at-cscs-powerful-and-green/


CSCS Energy considerations
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ICON in a nutshell

¥Ecosystem of atmospheric and ocean modeling software 
enabling climate and numerical weather prediction

¥HPC design: OpenMP/OpenACC/Vector MPI hybrid, 
cache blocking, runs on variety of HPC systems

¥Developed by >300 people, 5 member institutions, about 
2M lines of code written from 2001 to today

¥Successor of COSMO, regional atm. climate/NWP model:

¥ICON for forecasting: DWD in 2015, MeteoSwiss in 2024

¥Also used for numerous climate simulations
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Progression of EXCLAIM Software refactoring: 
ICON-DSL Roadmap
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Benchmark: ICON ÒaquaplanetÓ 
simulation with NWP physics

¥ICON-DSL uses a Python-based Òdomain-speciÞc languageÓ GT4Py, 
workhorse for EXCLAIM simulations (optimizations ongoing)

¥Because above is in ßux, use here ÔceilingÕ estimates using existing 
ICON-NWP code (uses OpenACC directives to run on GPUs)

¥Aquaplanet with following components

¥atmospheric dynamics with advection of 5 tracers

¥radiation (ÒecRadÓ)

¥cloud cover

¥turbulence

¥saturation adjustment

¥graupel microphysics

¥Atmosphere spins up from initial state

¥1 day simulation; various resolutions with ensembles to Þll 1 cabinet



Energy-to-Solution: Daint vs. Alps
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Alps Single Cabinet Measurements:
ICON-DSL
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Fraction of cabinet power cap 
287 kW
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Time to solution: ICON-NWP
projections for node-hours

One-day aquaplanet simulation, including initialization 

2.5km 1-day simulation requires ~134 node-hours 
1-year of simulation: ~50k node-hours

e



EXCLAIM foreseen simulations 
(2.5km)
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Global simulations currently in preparation, foreseen for 2025:
¥ Prescribed sea-surface temperature (SST) at 2.5km (R2B10): 

3.6M node-hours
¥ Coupled atmosphere - ocean at 2.5km (R2B10): 3.6M node-hours

Using aquaplanet performance 7.2M nh:  144 simulation years

Assuming ICON-DSL always running and achieves 90% of 
power cap: ~2050W per node, or 14760 MWh (more than 
entire energy usage for CMIP6 simulations), ignoring storage



Carbon Footprint of Electricity 
in Switzerland
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https://ourworldindata.org/grapher/carbon-intensity-electricity?tab=chart&country=~CHE
https://app.electricitymaps.com/zone/CH
https://www.nowtricity.com/country/switzerland/


Carbon emission factor (CEF) 
of  ÒrenewableÓ electricity

¥EU-6 average electricity footprint: 253 g / kWh (Nov. 2023)

¥Swiss maximum footprint: 161 g / kWh (UniGE study)

¥CSCS pays a premium (ca. 1 cent / kWh) for certiÞed 
renewable electricity (hydro/solar/wind)

¥Reasonable argument for using renewable footprint

¥Vattenfall Nordic Hydropower study:  7.26g / kWh

¥Other hydropower values: 4g - 24g / kWh

¥Swiss value (ETH study): 15g

According to our infrastructure head:  ÒI contacted AIL SA, who 
confirmed that for CSCS the CO2 emission is ZEROÓ

https://www.reuters.com/markets/commodities/europes-top-economies-slash-carbon-intensity-electricity-2023-12-12/
https://www.unige.ch/medias/en/2022/quelle-heure-lelectricite-suisse-est-elle-vraiment-verte
https://api.environdec.com/api/v1/EPDLibrary/Files/733208a4-7d7e-4452-5608-08d9149663be/Data
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://www.un.org/esa/sustdev/sdissues/energy/op/hydro_tremblaypaper.pdf&ved=2ahUKEwjisrusr62GAxVlwAIHHeTWD8oQFnoECDEQAQ&usg=AOvVaw3baQjlrmRotjRdL30_cHjB
https://www.hydropower.org/factsheets/greenhouse-gas-emissions
https://ethz.ch/content/dam/ethz/special-interest/baug/department/news/dokumente/Hydropower_Synthesis_Report_sm.pdf


Other CSCS carbon sources
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Preliminary CSCS Carbon 
Footprint
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 Total Carbon Footprint and
Carbon Utility Ratio
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Carbon Utility Ratio = Total carbon emitted across organization
Carbon emitted for core production
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Bottom line: ICON 2025 footprint

Assumptions:

¥EXCLAIM 2025 allocation: 7.2M node-hours

¥Cabinet power cap: 287 kW

¥Idle power: 40% of power cap

¥ICON-DSL 90% of cap, 80% system utilization: 2.050 kW / node

¥CSCS Power Usage Effectiveness remains ~1.2

¥CSCS Carbon Utility Ratio stable at ~1.78

¥Swiss hydroelectric power with CEF ~15g / kWh
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