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ABSTRACT

Legacy IT infrastructures in university data centers continue to contribute
significantly to energy consumption and carbon emissions, especially when operating under
conventional workload scheduling strategies such as First-In-First-Out (FIFO). These systems
often lack carbon-awareness, which limits their ability to adapt scheduling decisions based on
environmental impact. To address this issue, this study proposes a Carbon-Aware Greedy
Scheduling framework tailored for legacy IT environments in Green University initiatives. The
proposed framework leverages dynamic datasets—including workload characteristics, hourly
carbon intensity, server utilization, energy profiles, and Power Usage Effectiveness (PUE)—to
optimize workload execution with environmental consideration The core of the framework is
a carbon-intensity-aware greedy algorithm that schedules computing jobs during time slots
with lower carbon intensity and higher energy efficiency. By integrating real-world inspired
synthetic datasets from sources such as Google Cluster, Azure traces, IEA, and SPECpower,
the simulation environment reflects realistic conditions across a 7-day, 168-timeslot horizon.
The framework's effectiveness is evaluated through a comparative experiment between FIFO
and the proposed carbon-aware scheduling, using key performance indicators including total
carbon emissions (gCO2), hourly energy consumption (kWh), server utilization, and job
completion latency Results demonstrate that the proposed scheduling model can reduce

carbon emissions by up to 25.2 on average compared to traditional FIFO scheduling. Moreover,
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the system achieves more stable server utilization and optimizes energy consumption in
aligcnment with PUE values, especially during off-peak hours. The study further analyzes daily
break-even points, quantifying the number of high-impact jobs needed to offset
the implementation overhead of carbon-aware strategies This research contributes to the
growing field of sustainable computing by providing a practical, low-complexity solution that
can be implemented in existing legacy environments without requiring complete infrastructure
overhaul. The findings support policy and operational strategies for transforming academic
data centers into carbon-efficient, environmentally responsible systems. Future work will
explore integration with renewable energy forecasting, demand-response pricing models, and
machine learning-based predictive scheduling to further improve scalability and adaptability

in dynamic energy environments

Keywords: Carbon-Aware Scheduling, Legacy IT Systems, Greedy Algorithm, Green University,
EnergyOptimization
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arusniiuras Carbon-Aware Scheduling TuuSunitlsifindaunyuiieu On-Site
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(Bashir et al. 2021)

nsazaedadninvasainuiilunulszalanadaya

nulszianateyavuialvg Wy n1sdnausuluwma Al dndidedndas 1ua1duey
(Precedence Constraints) @wwneds nisiivanudessiiunisiiiasanoudasanunsaEueudaly
1§ nsideunuuidnievdmanssnusorenszuiums agaslsinn nuidudlngfieanuuy
Carbon-Aware Scheduler shuestudosnint Tneauuiinmuusaznuausasidiunsuenainiy

1o Beorahlugmsdndularilimunzanluaninuindonas (Lechowicz et al. 2025).

AnulidonndnsuaLunsNNISINATSUBY
AMSIUASNTSINNNSUFBEANSUBUIINNISHARBISALS (Embodied Carbon) Tunisanaula
Welfuinisennilugmsdedulanlimunzay wu nsideunuludunailimingay 39913

WLNNSUaREANSUBULALSIN

nMsuAuARULATasanasaUfinsauAgy

AIWAIUILAENAADUKUINIG Carbon-Aware Computing Favna3 eadlonaaauiiaiuse
Taesanunisalliegnenseunquuazdangu vilinisuszdliunadndvosuuimiaangg Wuldlden .
(Wiesner et al. 2024)
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yodeyaiiusznaudenenisausiuiu 500 e lnsusagsiemsUsznaudiefiad Job ID,
Job_Size (MB), Deadline Slot (17817 #0473 Aa@55), CPU Demand (@1u3uA8%), uas
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yateyatfuansAranuidudurasaisuau (Carbon Intensity) vaandauluiluusay
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anuznslduvandiniies (Server Utilization Dataset)

yndoyailduansszdumslianmeadsnines (CPU was Memory Utilization) s1edalus Tng
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\duyadoyafinansnislindsnureadsnnesamuszdunsldauves CPU lngedaain
fouasssveadsniies Dell PowerEdge R740 @sléia1n SPECpower Benchmark Tnedeyansounan
724 Utilization aus 0% 4 100% wagszymidsiuiléluusiazsedu (Watt) doyaildlunsdiuan
wiaauiildsio Job Tuusiay TimeSlot

avilinuszansamnsldndeau (PUE Baseline Dataset)
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WioUsziiuuszAnsnmeues Carbon-Aware Greedy Scheduling Algorithm n13d1aeslagn
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1. Workload Data 500 91ufiszyauasy, fvuananduge, anudeansld CPU wagmasanu
2. Carbon Intensity Data %%a Time-Series 168 ¥1luas1a0s9nnsUdosASUBLTBITTUUAES
Ti1lut9 Peak wag Off-Peak 3. Server Utilization Data n1514 CPU kagnu18mud191a9931n
WEANTINAIA 4. Server Energy Profile Data 14%aua3n SPECpower dwisu Dell PowerEdge R740
5. Power Usage Effectiveness (PUE) Data d1agsn1sldndanuvesguddayalulssinalny lagen
Anuiivsgansamlunisldndsauegluyie 1.7-2.1. i%UUﬁT’]ﬁENQﬂ(%QﬁﬂﬁL%%WL?@%ﬁ 64 ABSUIAY

WIBA1UTT 512 GB i TimeSlot 4 vavsioudnuaizved Legacy IT Systerns 7 1o lunane

Workload Data Job Size,
Deadline, CPU/Memory
Demand

g N

Carbon-Aware Greedy
Scheduling Algorithm
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| Workload Execution Simulation

Carbon Emission Measurement
I1SO 14084

UWINYIAY.

Carbon Intensity Data Real- Server Utilization Data CPU,
time Grid Emissions Memory Availability

Comparative Analysis Before
vs After

l

Conclusion &
Recommendations Green
University Impact

PUE Calculation

Job Completion Time & Latency I
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2. Wé’ﬂmui'suﬁiﬁ (Total Energy Consumption) ﬁ’lmmﬁ]’mammﬁﬁ 1

3. USunamnsuauivase (Total Carbon Emission) AUIMANNALNISH 2

E (KWh) Power(Watt) x PUE (1)
ner =

gy 1000
NM15Ua0uAITUBY (gCO2)=1awu (KWh)xA1ANUUNTUURIAISUBUY (§CO2/KWh) (2)

4. N19N9298UANYINIAT (TimeSlot Distribution) 31as1e s 1uruuf Saasslunsay
TimeSlot Tneanglugasfifidasueusiuas PUE 61
5. msUSeufieufuiseain (Comparative Analysis) W3 suiisunadngd laannnasld
Carbon-Aware Scheduling fU33n158AA15 1MUY 18U FIFO %30 Random iiowandls
Windeauaunsatunsannsiindanulagnisuaseansusu
w3asfiofildluniswann
sEUUW anuawau 190191 Python Taeldlausnd Pandas way NumPy @1915Un13
Uszananadeya wazld Matplotlib dwmsunisuanssaluguuuunsivl ssuuansnsasessunisanduls
\Bswadm (Dynamics) auszduasusuwuuFealnl PUE fldsundas wasninennsidegluusiay

23917380

NANITIIADILAZIATIZANAIIUAISUBU

Wi eUsziiudsEans Armues Carbon-Aware Greedy Scheduling §ano3Fuf WauTu
nsnaasdldmiiunisluaninuindeudiasedildyadeyansudu 5 ya liud yadeyasu
(Workload), Arudnduvesarsuaulussuvanvdsluia (Carbon Intensity), 15l nsnansvos
W@ Snaes (Server Utilization), TUstnanslawaseuveaudswiaes (Server Energy Profile) way
A1 PUE v@sAudvasa (Power Usage Effectiveness) 1INHANITNARDY WUTISANBITUANIOTAATST
ulddsas1uan 388 91uen 500 1 Tnsnufimdsldldsunisdnassnnelusseziandiiivun
(Deadline) wazgninaglungu Best Effort Scheduling. nan1sldnasuuananisldngeausy

293.28 kWh Tuszegiian 7 Tu lagfaaa on15 by Wad91uUn 9n e 491U 0.756 kWh §auwanena
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nsUsesAUBUReN WU 282.09 gCO,. NsVAaaIMandliliusn Carbon- and Enersy-
Aware Scheduling anunsaannisldmdsnuuaznisudesansueuldesadifeddadlefisuiuiinig
IPATINURUVAUNTE FIFO. wannil msnszaneuludigiaandil Carbon Intensity wag PUE i
avvioudaUssaniamlunisasnansenudedaandey Tnenisdentianadidnsueusiigieannis
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anAISUIULAY Green Computing UBUNINGAE.
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s AAs1TUSeuisuNaanSiauLasas (Before-After Analysis)
\iensvaeulszansnmuesdana3fiu Carbon-Aware Scheduling ity udTedls
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wwInefi LA i i stlasdud wandeu 1wy Arrududuesasuey (Carbon Intensity) #5o
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AN 4 NMSUFHULTIBUTERINNITIAAITILUY FIFO iU Carbon-Aware Scheduling

::' = o <
M1319N 2 Nﬁﬂ'ﬁLU‘%ﬂ‘ULﬂﬂUWﬁ\?\?']ﬂi’]ﬁJLLﬁgﬂ']iUEﬁJ

WNEUIINISIN nau(FIFO) yas(Carbon-Aware) anag(%)
WasuRlFsu(kWh) 368.44 293.28 -20.4%
n13Uaas C 0, 57u(g) 146,271.53 109.449.57 -25.2%

Carbon Emission & Server Scheduling Dashboard
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NN3AATITVIAAUARAIUNANY (Break-even Point Analysis)
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AT 6 Break-even Point Analysis

HAN1TIATIZNAAUARATUNEIY (Break-even Point Analysis)
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