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Abstract

Thelackofstandardizedbenchmarksforreinforcementlearning(RL)insustainability
applicationshasmadeitdifficulttobothtrackprogressonspecificdomainsand
identifybottlenecksforresearcherstofocustheirefforts.Inthispaper,wepresent
SustainGym,asuiteoffiveenvironmentsdesignedtotesttheperformanceofRL
algorithmsonrealisticsustainableenergysystemtasks,rangingfromelectricvehicle
chargingtocarbon-awaredatacenterjobscheduling.TheenvironmentstestRL
algorithmsunderrealisticdistributionshiftsaswellasinmulti-agentsettings.We
showthatstandardoff-the-shelfRLalgorithmsleavesignificantroomforimproving
performanceandhighlightthechallengesaheadforintroducingRLtoreal-world
sustainabilitytasks.

Background

ARLenvironmentisaMarkovDecisionProcess(MDP)whichdescribesaspecific
controltaskandconsistsof:
•S.statespace

y:discountfactor
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NoexistingRLbenchmarkingenvironmentsspecificallytestmulti-agentRL
underdistributionshifts.
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Distributionshiftsareubiquitousinreal-worldenvironments
Adistributionshiftisachangeinthetransitionkernels

Arrival/departurepatternsofEVschangedsignificantlybetweenpre-,during,andpost-COVID
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•Off-the-shelfRLalgorithmshavesignificantroomforimprovement,
especiallycomparedtonon-RLalgorithmssuchasMPC

FutureDirections

SustainGymservesasatestbedformulti-agentmodel-free
distributionally-robustRL

wherePdenotesanuncertaintysetoftransitionkernels

SustainGymmotivatesresearchintoRLalgorithmsthattakeadvantageof
knowledgeofcausalstructureinthestatespace
•Forexample,theonlypartofEVChargingEnvthatisexplicitlyaffectedbythechargingaction
takenistheelectricitydemandd,remainingforeachEV.Theremainderoftheobservationevolves
independentlyfromtheactiontaken.
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SustainGymmotivatesresearchintomulti-agentRLalgorithmsthatcan
leveragenetworkstructure

•Forexample,BuildingEnvfeaturescontrollableACunitsindifferentrooms,
butonlycertainroomsshareawall,andheattransterhappens
throughwalls


