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+ QOutline WSsT

+The Wide-field Spectroscopic Telescope
+Time-domain astronomy & the era of big data

+Environmental considerations on WST's data processing and
storage

+Comparison with other environmental impacts
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+ Consortium

4+ 26 research institutes
or universities spread
over 12 different countries

+ ~800 science team
members from 34
countries
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< Addressing key scientific questions\\gT
~across all astrophysical scales
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:, Addressing key scientific questlonsws-r
across all astrophysmal scales
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:, Addressing key scientific questlonsws-r
across all astrophysmal scales
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MOS & IFS

Field corrector
& ADC

IFS Cassegrain - 3 N IFS coudé beam &
pick-up & relay MOS f/3 focus . optical de-rotator

mirrors & positioner

MOS instruments
IFS f/35 focus

IFS Station
(144 spectrographs)

— -

Primary mirror

78 segments, 99 m?
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* Potential sites in ESO areas ST

Ventarrones
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%+ Time-Domain: Exciting science on WST
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“+ Operation challenges WSsT

Run simultaneously multiple

How to

surveys in parallel,

with three instruments MOS-LR,

MOS-HR & IFS,

allowing time-domain science
(ToO and multiple visits)

and the ability to adapt to new
science case In a reasonable
time-scale

SC4RC -

5th May

How to
Manage the data quantity

and complexity (spectra and
datacubes),

with the need of rapid processing
to issue alerts

and to maintain homogeneous
results across the surveys,

while minimizing environmental
iImpact



‘+ Step 1: Data collection

+ Light is collected by the ~600 detectors
continuously 10h/night

- “Raw data”

+ Volume of raw data « Total number of
pixels «« Number of detectors

+ First estimate: 2.5 TB of raw data per night

Curved CMOS (LAM)
SC4RC - 5 May Laurane Fréour 14



‘+ Step 2: Data transfer

+ The ~2.5 TB raw data should
be transferred to Europe,
where the data reduction and
storage will take place.

+ Geographical distance:
~11400 km

SC4RC - 5 May Laurane Fréour
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:, Step 3: Data Step 4: Data  WST
reduction Stgrage

+ All the data (raw, calibration and

+ Raw data must be calibrated and
reduced) should be stored

reduced to be used by the

community > Increase over time
=
+ The data reduction process - - .
Involves three distinct levels, with - — . e
Intermediate products, leading to Hie -
the final data catalogue (e.g., WEle | e ..
stellar positions, radial velocities L B -
of stars) serving as the main . =
resource for scientific analysis P -
LN »
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‘* Research questions WsT

+ What is the carbon footprint of the different data
processing steps?

+ How does it compare with other aspects of the telescope
(e.g., cooling of instruments)?

+ How can we minimize the carbon footprint of data?
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‘ Carbon footprint of the steps WSsT

+ Step 2: Data transfer Carbon footprint of a route (kg CO; e¢q./GB)
Embedded impact of the optical
fibers and Sh@lters, USing > Emissions of use + manufacturing (kg CO1 eq./GB)
formulas & emission factors e
from Loygue et al. 2024

+Emissions of fiber-optic (kg CO2 eq./GB)
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+ Carbon footprint of the steps WST

+ Step 2: Data transfer
Embedded impact of the optical o s
fibers and shelters, using
formulas & emission factors

from Loygue et al. 2024 @ o5
+ Step 3: Data reduction
I . .88 tree-years 243.59 km %
p I p el I n e 'i:Zrbcm seq uei’r_raticm ina :1135~9n1~r car of a flig M?i ris-Dublin

Footprint quantified using the
green algorithm (Lannelongue Image from: https://www.green-algorithms.org/
et al. 2021)
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https://www.green-algorithms.org/

‘ Carbon footprint of the steps WSsT

+ Step 2: Data transfer Corvault 4U106 Data System with EXOS 24TB HDDs
Embedded impact of the optical —— —
fibers and shelters, using Average (e Fover () 560
formulas & emission factors Operating (W) 1750

Average Annual (kWh) 12,943

from Loygue et al. 2024
+ Step 3: Data reduction

pipeline
Footprint quantified using the Nytro 3000 SSD
green a|g0r|thm (LannelOngue Power Consumption Per Unit Per TB
et al. 2021) Opersirg Ao W) | sow |
) Idle, Average (W)
+ Step 4: Data storage Average Ams! (<AT)

Different storage types with
KWh/TB reported (Seagate)
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+ Carbon footprint of the steps WST

Carbon footprint in tCO2eq for the 1st year of operation for different data processing
steps

+ Step 2: Data transfer
Embedded impact of the optical
fibers and shelters, using
formulas & emission factors
from Loygue et al. 2024

+ Step 3: Data reduction
pipeline
Footprint quantified using the
green algorithm (Lannelongue
et al. 2021)

+ Step 4: Data storage
Different storage types with

Data transfer Chile - Germany B Data reduction 1 DE

kWh/TB reported (Seagate) Storage SSD DE W Storage HDD DE

MW Storage HDD FR
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+ Carbon footprint of the steps WST

Carbon footprint in tCO2eq for the 1st year of operation for different data processing
steps

+ Step 2: Data transfer
Embedded impact of the optical
fibers and shelters, using
formulas & emission factors
from Loygue et al. 2024

+ Step 3: Data reduction
pipeline

Footprint quantified using the
green algorithm (Lannelongue
et al. 2021)

Step 4: Data storage
Different storage types with

Data transfer Chile - Germany B Data reduction 1 DE

emission factors from Seagate Storage SSD DE m Storage HDD DE

MW Storage HDD FR
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, Carbon footprint of different data WST
processmg scenarios

Scenario 1: Data stored
In Germany

+ HDD

+ SSD

Scenario 2: Data stored
In France

+ HDD

+ SSD
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, Carbon footprint of different data WST
processmg scenarios

Carbon footprint at a given year of different scenarios for data
processing compared to the cooling of the Integral Field Unit in tCO2eq

Scenario 1: Data stored
In Germany

+ HDD

+ SSD

Scenario 2: Data stored
In France

Carbon footprint at a given year [tCO2eq]

+ HDD
+ SSD
_____—-.F__'—-_
1 2 3 4 5 b 7 8 9 10 11 12 13 14 15 16 17 18 19 20
SC4RC - 5 May ==Total scenario 1 (DE - HDD)==Total scenario 1 (DE - 55D) ==Total scenario 2 (FR - HDD)

Total scenario 2 (FR - 55D) ==lFL



* First results WSsT

+ The carbon footprint linked to the cooling of
Instruments dominates over the one from data

+ Data storage quickly dominates the carbon

footprint of data processing over the data
reduction and transfer

+ Both location & type of hardware have a big
Impact and should be selected carefully
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+ Future considerations & Open WSsT
questions

+ Only the first level of the data reduction pipeline has
been included = underestimation of the carbon
footprint linked to the data reduction

+ Discussing rules on “hot” and “cold” archival will
enable us to better select the hardware

+ Should we decrease the data storage, even if it means
Increasing the computing power?

+ What will be the landscape of data storage in the
2040s?
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+ Integrating the carbon footprint as a
parameter in the design of future
facilities Is crucial to ensure they
are conceived and built while
minimizing the impact on the
environment

https://wstelescope.eu/
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