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These scheduling decisions rely on carbon intensity forecasts (gCO,e/kWh), which vary
significantly with renewable supply and demand. As shown, a scheduler acts as a control
layer between variable renewable sources, fossil fuel plants, and the data centre, using
real-time forecasts to shift execution to lower-emission periods.

Before committing, the Gate performs a real-time Trust Check by measuring the error level
that 75% of UK grid forecasts fell within over the previous 24 hours to establish a noise
threshold. If the predicted carbon saving exceeds this threshold, the deferral is
trustworthy and the gate opens. If not, the job runs immediately, avoiding a potential
The current industry standard carbon scheduler, Let's Wait Awhile (Wiesner et al., 2021), Carbon Trap.

scans an 8-hour window and selects the lowest-carbon slot. But forecasts are wrong by an
average of 9.79% so when a forecast misleads, a deferred job runs under dirtier conditions
than immediate execution. This is a Carbon Trap

This ensures CarbonGuard only takes safe bets, automatically adapting the threshold by
tightening in volatile seasons like autumn and winter and relaxing more in summer when
forecasts are stable.

. Existing schedulers assume forecasts are always correct, with no
GAP: mechanism to detect when deferral increases emissions. KEY FINDINGS
CarbonGuard demonstrates that forecast reliability matters as much as forecast value. The
0 BJ E CTIVE dominant failure mode is not lack of data, but the absence of mechanisms to reason about
uncertainty. The 94.8% reduction in Carbon Traps, sustained across 9 sensitivity
To implement and validate a Reliability Gate that filters out low-confidence scheduling configurations, confirms this is a robust and generalisable result, not an experimental
decisions, ensuring net carbon reduction even under high forecast uncertainty. Unlike artefact.
existing approaches which blindly follow forecasts, CarbonGuard balances carbon savings - o
with decision reliability, ensuring scheduling actions are both environmentally beneficial 93°3/° 9408/0 19X _ _
and practically safe. CarbonGuard safe decision rate gl;eli/eet;wst(\e/t/jait Awile traps ,rAnv?/irlee reliable than Let’s Wait
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Through a systematic sweep of 50 candidate sensitivity levels, we identified an = B B -
optimal "Reliability Sweet Spot" (a=0.25) that maximizes carbon savings while - o s SR
neutralizing the risk of a Carbon Trap. Under this calibrated setting, CarbonGuard 3 9
achieved a 15.57% net carbon saving (95% Cl: 14.76%, 16.45%), nearly g 3 7
doubling the 8.42% achieved by the industry standard, Let’s Wait Awhile. i E 10.0 - <t
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Let's Wait Awhile produces Carbon Trap events for 13.18% of all jobs meaning 1 = & 5id
in 8 scheduling decisions actively increases emissions. CarbonGuard reduces this % S
to 0.68%, which is a 94.8% reduction. 2 =
The gate response curve demonstrates adaptive behaviour so as forecast error 40 - =<3
increases across quintiles, CarbonGuard automatically increases its protection - ] , T , — _ ,
threshold, suppressing unsafe deferrals precisely when forecasts are least o = . - (o) gaseline (LA carbonauars
trustworthy Forecast Error Quintile (MAPE) Figure 2:
i . CarbonGuard achieves significantly higher
Notably, CarbonGuard achieves greater carbon savings while making fewer total Figure 1: . . . ° Hard: 4 , <Y 'gnititantly g
. . . ) CarbonGuard increases intervention rate as net carbon savings compared to LWA,
deferrals, confirming the gate eliminates bad deferrals without blocking good ) . c confirming that reliabilitv-aware schedulin
ones. Results remain consistent at 15.70%, 15.45%, and 15.52% across 3 forecast. error. ‘ FI5€s, preyentlng u‘nsa € broves iveralls ctem yerformance J
independent seeds, ruling out favourable experimental conditions. scheduling decisions under high uncertainty. P y P '
Carbon-aware scheduling is embedded in the infrastructure of the world's largest cloud This evaluation focuses only on batch HPC jobs with deadline flexibility hence
providers, yet until now no engineering safeguard existed to verify that its decisions the approach is less applicable to latency-sensitive workloads. Results are
were actually reducing emissions. CarbonGuard closes that gap. This demonstrates that validated on UK grid data (NESO) only so generalisation to other regions with

the primary limitation of existing schedulers is not insufficient data, but the absence of different forecast accuracy profiles requires further validation.
mechanisms to reason about uncertainty. That single intervention eliminates 94.8% of
Carbon Traps, nearly doubles net carbon savings, and advances SDG 13 through a
practical, deployable engineering solution.

Future work will extend CarbonGuard to multi-region grids, explore real-time
deployment on live HPC systems, and investigate integration with energy-type
disaggregation data to further refine scheduling decisions.
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