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PanDA: central orchestration of all ATLAS jobs
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Image from 
https://app.electricitymaps.com/map

Estimating job CO2 footprints through PanDA
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● Overarching goal of estimating the CO2 footprint of the ATLAS experiment
○ See Ben Bruers’ ATLAS Week presentation

● Feb 2023 Ben and Rod asked to add estimation for compute in PanDA

https://app.electricitymaps.com/map
https://indico.cern.ch/event/1225750/#47-report-from-the-atlas-susta


Emission intensity of regional power grids

https://app.electricitymaps.com/map/24h (API: CO2 signal) CERN OpenSearch index

● Data is available for many countries, particularly in Europe and the US
○ A few countries hosting ATLAS sites are missing

● In some cases data is published at regional level
● Emission intensities vary by region and fluctuate over time 4
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https://app.electricitymaps.com/map/24h
https://www.co2signal.com/
https://monit-opensearch-lt.cern.ch/dashboards/app/visualize#/edit/af48f9a0-b816-11ed-b000-d5fe8f02aa2a?_g=(filters:!(),refreshInterval:(pause:!t,value:0),time:(from:now-1M,to:now))&_a=(filters:!(),linked:!f,query:(language:kuery,query:''),uiState:(),vis:(aggs:!((enabled:!t,id:'2',params:(field:data.gCO2_perkWh),schema:metric,type:avg),(enabled:!t,id:'4',params:(drop_partials:!f,extended_bounds:(),field:metadata.timestamp,interval:auto,min_doc_count:1,scaleMetricValues:!f,timeRange:(from:now-365d,to:now),useNormalizedOpenSearchInterval:!t),schema:segment,type:date_histogram),(enabled:!t,id:'5',params:(field:data.region,missingBucket:!f,missingBucketLabel:Missing,order:desc,orderBy:'2',otherBucket:!f,otherBucketLabel:Other,size:500),schema:group,type:terms)),params:(addLegend:!t,addTimeMarker:!f,addTooltip:!t,categoryAxes:!((id:CategoryAxis-1,labels:(filter:!t,show:!t,truncate:100),position:bottom,scale:(type:linear),show:!t,style:(),title:(),type:category)),grid:(categoryLines:!f),labels:(),legendPosition:right,row:!t,seriesParams:!((data:(id:'2',label:'Average%20data.gCO2_perkWh'),drawLinesBetweenPoints:!t,interpolate:linear,lineWidth:2,mode:normal,show:!t,showCircles:!t,type:line,valueAxis:ValueAxis-1)),thresholdLine:(color:%23E7664C,show:!f,style:full,value:10,width:1),times:!(),type:line,valueAxes:!((id:ValueAxis-1,labels:(filter:!f,rotate:0,show:!t,truncate:100),name:LeftAxis-1,position:left,scale:(mode:normal,type:linear),show:!t,style:(),title:(text:'Average%20data.gCO2_perkWh'),type:value))),title:'Carbon%20intensity%20electricity',type:line))


Emission intensities in the PanDA database
● Copy the regional emission intensity from the OpenSearch index
● Calculate global intensity as weighted average based on HS23 contributions
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Estimate gCO2 per job

● The model is a first approximation for awareness
○ We are not pretending to provide precise results

● Sites can adjust their region and core power consumption in CRIC

E.g. a 8 core job running at CERN from 11:00 to 12:30 would emit roughly

8 * 0.5h * 10W * 93 gCO2/kWh + 8 * 1h * 10W * 96 gCO2/kWh = 11.4 gCO2

gCO2/kWh
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How power hungry the CC/HW is
(default of 10W) Carbon intensity of the power source

over the duration of the job



Job emission examples

What are the approximate CO2 
emissions for a 8-core, 24h job 
considering average emission 
intensity?
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Examples for heavy and light jobs

Heavy jobs: multi-core, long duration Light jobs: single-core, short duration
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The CO2 estimations are stored in the database for each job entry and displayed in BigPanDA monitoring job pages



● Importance of the way the data is presented
● Users are presented with aggregates of global emissions (not regional)

○ Users typically don't select the region
○ Assigning jobs to a low-intensity region merely shifts other workloads to high-intensity regions

● The regional and global CO2 values are in the PanDA jobs table
○ This table is replicated to a few ElasticSearch/OpenSearch indexes
○ It is possible to make aggregated dashboards with CO2 emissions by activity, user, site

● Data is presented as approved by the ATLAS SW&C administration
○ I will only show examples that have been formally approved

Presentation of results and raising awareness
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Increase awareness: task aggregation

…
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“My BigPanDA”

Increase awareness: user and activity aggregation

Running production tasks



● Job footprint estimations available since Feb 2023
● They represent a rough, central estimation
● Handles available for sites to indicate more accurate core power consumption 

and region in CRIC
● The intent is to raise user awareness of computing emissions and encourage 

positive behaviour
○ Data added on request and as approved to monitoring

● PanDA does not carry out decisions based on CO2 emissions (e.g. broker to 
green regions) 

○ Such decisions belong to the management

Conclusions
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