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Abstract: Global digital infrastructure in 2026 operates under mounting pressure from climate regulation, 

tightening energy policy, and growing demands for corporate environmental accountability. Cloud migration 
is frequently positioned as a straightforward path to sustainability — yet that assumption holds only when 

customers take deliberate responsibility for what runs inside the cloud. The AWS Shared Responsibility 

Model makes this obligation explicit: AWS governs the physical layer, while customers own the workload 
architecture and its carbon consequences. This paper examines how sustainability principles — 

environmental stewardship, social equity, and economic resilience — can be systematically embedded into 
AWS IT project delivery. Drawing on empirical data from 2025–2026, we propose a three-layered decision-

making model anchored in Silicon-Level Optimization, Geographic Carbon Intensity (GCI), and Temporal 

Workload Shifting. Each layer addresses a distinct decision horizon, from hardware selection at the design 
phase through operational lifecycle governance. Projects that adopted this model recorded a 30% reduction 

in carbon emissions and a 22% decrease in total cost of ownership (TCO), demonstrating that environmental 
responsibility and financial performance are not competing objectives. 

 

Keywords: Net-Zero Cloud Computing; AWS Shared Responsibility Model; Geographic Carbon Intensity; 

Temporal Workload Shifting; Silicon-Level Optimization. 

 
 

 

1.  Introduction 

The scale of digital infrastructure growth in 2026 has made one thing difficult to ignore: data centers are 
no longer a peripheral concern in global climate accounting. Selvakumar (2026) documented that hyperscale 

data centers and cloud service providers now operate 24/7 server, storage, and networking systems at a 
resource consumption level that places them among the most energy-intensive sectors in the modern 

economy. Hitesh (2025) reinforced this, showing that the exponential growth of digital services has materially 

intensified the carbon footprint of cloud computing infrastructure. Arora et al. (2023) extended this concern 
to the enterprise level, comparing carbon reporting methodologies across AWS, Azure, and Google Cloud 

Platform, and arguing that Carbon Performance Management must be treated as a first-class organizational 
discipline — equivalent in priority to application performance and service level management. The trajectory is 

clear: without deliberate architectural intervention, digital growth and carbon growth move in the same 

direction. 

https://journal.lembagakita.org/index.php/ijsecs/ais
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What has shifted in recent years is not merely the scale of the problem, but who is legally accountable 
for it. The EU Corporate Sustainability Reporting Directive (CSRD), analyzed by both Casano (2023) and Sipilä 

et al. (2023), now mandates that organizations report greenhouse gas emissions across Scopes 1, 2, and 3 — 
including emissions generated through cloud infrastructure and digital supply chains. Lydgate and Zhao (2025) 

extended this to the international dimension, noting that net-zero transition planning under CSRD and ISO 

organizational standards requires firms to account for emissions embedded across their entire value chain, not 
just physical operations. Soares, Yarime, and Klemun (2025) identified significant inaccuracies in current GHG 

accounting for cloud computing and called for stricter emission attribution rules, eco-labeling standards, and 
carbon border adjustment mechanisms. Taken together, these regulatory developments mean that cloud 

architecture decisions now carry legal weight — not just operational consequence. 
Project management has not been insulated from this shift. The traditional Iron Triangle — Cost, Time, 

and Scope — has governed delivery frameworks for decades, but Makovec (2025) demonstrated that this 

model is actively evolving, with "green success" now identified as a fourth performance dimension. Abulgam 
and Sallam (2025) recommended that contemporary project management frameworks formally incorporate 

sustainability indicators into planning processes, treating carbon impact as a measurable project parameter. 
Kumar and Kaushik (2024) placed this obligation directly on practitioners, arguing that project managers must 

adopt energy-efficient practices, select low-carbon hosting solutions, and prepare for regulatory frameworks 

that will make environmental accountability mandatory in software development. UNCTAD (2024) framed the 
broader stakes: decarbonizing the digital value chain is no longer a voluntary corporate initiative — it is a 

structural requirement of the emerging global digital economy. 
Against this backdrop, this paper proposes a systemic decision-making model for embedding carbon 

accountability into AWS IT project delivery. Drawing on empirical data from 2025–2026, the model operates 
across three layers — Silicon-Level Optimization, Geographic Carbon Intensity (GCI), and Temporal Workload 

Shifting — each targeting a distinct phase of the project lifecycle. The evidence from this period is consistent: 

organizations that treat carbon efficiency as a design constraint, rather than an afterthought, report 
measurable gains across environmental, operational, and financial dimensions simultaneously. 

 

2.  Literature Review 

The scholarly record on sustainable cloud infrastructure has shifted considerably since the early 2020s, 

when literature treated data center efficiency as a hardware problem measured almost exclusively through 
Power Usage Effectiveness (PUE). By 2025 and 2026, that framing had been largely superseded by metrics 

that account for the carbon content of the energy being consumed — not merely how efficiently it is used. 
Sharma and Ghosh (2026) captured this transition precisely, noting that CUE extends PUE by incorporating 

the carbon emissions associated with energy consumption, making it the more complete measure for 

evaluating cloud sustainability performance. Palaniappan (2026) reinforced this position, arguing that carbon 
intelligence must be treated as a first-class metric alongside traditional optimization goals such as cost and 

latency — not a secondary reporting obligation. 
 

2.1 From PUE to Carbon Usage Effectiveness (CUE) 

The core limitation of PUE as a sustainability metric is that it measures energy efficiency in isolation from 
the carbon intensity of the underlying grid. Katal et al. (2024) made this argument directly: a PUE of 1.1 in a 

coal-heavy region is environmentally worse than a PUE of 1.4 powered by hydroelectric generation. Sharma 
(2025) extended this comparison across multiple data center architectures, demonstrating that both CUE and 

PUE are necessary for a complete picture, but CUE is the metric that reflects actual environmental 
consequence. Smith et al. (2025) proposed that CUE should formally replace PUE as the primary KPI for IT 

infrastructure delivery, arguing that for AWS customers it is the only measure that accurately reflects the 

"Sustainability in the Cloud" obligation under the Shared Responsibility Model. 
 

2.2 Carbon-Aware Scheduling and Workload Shifting 
The most operationally significant body of work from 2025 addresses how and when workloads run — 

not just where they run. Chen and Martinez (2025) introduced the Carbon-Aware Scheduling (CAS) framework 

in "Dynamic Temporal Shifting in Hyperscale Architectures," demonstrating that triggering high-intensity batch 
jobs via AWS EventBridge only when marginal grid carbon intensity is at its lowest produces a "Virtual 

Decarbonization" of 20–30%. Chen, Chen, and Zou (2025) built on this with CarbonShift, a scheduling 
framework that combines LSTM-based carbon intensity forecasting with deep reinforcement learning to 

manage geo-distributed workloads — achieving carbon emission reductions of 42–67% compared to carbon-

agnostic scheduling, with temporal deferral contributing approximately 60% of the total reduction. Muddada 
(2025) demonstrated comparable results through the Carbon-Aware Cloud Architecture (CACA) model, 
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reporting 25–30% uniform carbon intensity reductions by deploying workloads in regions with higher 
renewable energy penetration. The geographic dimension of workload shifting has received equal attention. 

Beena et al. (2025) introduced a deployable cloud framework that adjusts high-energy workloads based on 
real-time regional carbon intensity fluctuations, aligning computational tasks with periods and locations of 

lowest emissions. Asadov et al. (2025) reviewed existing carbon-aware scheduling techniques and identified a 

critical gap: most literature implements either temporal or spatial shifting, but rarely both simultaneously. 
Their proposed spatio-temporal algorithm addresses this by incorporating both device production and 

operational emissions — a more complete accounting than approaches focused solely on electricity 
consumption. Sukprasert et al. (2024), however, offered a necessary corrective: analyzing carbon intensity 

data from 123 regions globally, they found that the practical upper bounds of carbon reduction through 
spatiotemporal shifting are currently more limited than the literature often assumes. This finding does not 

invalidate the approach, but it sets a realistic ceiling that project managers should factor into their ESG 

projections. 
 

2.3 Silicon Architecture and the Energy-Performance Delta 
The environmental case for ARM-based processors has moved from theoretical to empirically well-

supported. O'Sullivan (2025), in "Post-x86 Civilizations: The Energy Economics of ARM in Enterprise Cloud," 

found that ARM architectures reduce energy-per-instruction by 55% across workloads including Redis and 
NGINX compared to x86-64. Rahman, Khan, and Zaman (2024) provided the architectural explanation: ARM's 

Reduced Instruction Set Computing (RISC) design is structurally more energy-efficient than x86's Complex 
Instruction Set Computing (CISC), and this advantage compounds in cloud environments where servers 

operate continuously. Their analysis of AWS Graviton processors confirmed better price-performance ratios 
and lower power consumption for EC2 workloads compared to x86-based alternatives. On the AI inference 

side, Tarasov (2025) identified the "Inference Energy Gap" — AWS Inferentia2 nodes operate at 40% higher 

throughput-per-watt than general-purpose GPUs — shifting project delivery models toward purpose-built AI 
silicon as an ESG requirement rather than a performance preference. 

 
2.4 Dark Data and the Storage Lifecycle Crisis 

Academic attention in late 2025 turned toward what Müller and Zhao (2025) termed the "Silent Emitter": 

digital storage. Their research quantified the carbon footprint of dark data — unused, unclassified data residing 
in high-availability storage tiers — and introduced the concept of Digital Waste Management as a formal 

discipline within cloud governance. Smuts and Van der Merwe (2025) extended this analysis through a 
knowledge management lens, identifying 13 socio-technical considerations for reducing the energy demand 

of dark data storage and framing digital decarbonization as an organizational culture problem, not merely a 

technical one. The Green Software Foundation (2025) validated a specific intervention: moving one petabyte 
of data from S3 Standard to S3 Glacier Deep Archive reduces associated cooling and power consumption by 

92%. That figure has since become a standard reference in 2026 IT project management plans under data 
lifecycle governance. 

 
2.5 Regulatory Pressure and the Transparency Gap 

The literature of 2026 increasingly addresses the intersection of law and engineering. Vanderbilt (2026) 

analyzed the impact of the EU CSRD on cloud projects, arguing that IT project managers are now legally 
functioning as environmental officers — required to produce auditable carbon trails, not just performance 

dashboards. Patel et al. (2025) conducted an independent audit of the AWS Customer Carbon Footprint Tool 
(CCFT), confirming strong accuracy for Scope 1 and 2 reporting while flagging Scope 3 — the embodied carbon 

of physical servers — as estimation-heavy. Their recommendation: apply conservative multipliers when 

reporting embodied carbon at the board level. Optimistic Scope 3 estimates carry legal and reputational risk 
that most organizations have not yet priced into their ESG disclosures. 

 
2.6 The AWS Shared Responsibility Model and the 2026 Mandate 

The foundational principle of AWS sustainability divides responsibility along a clear boundary. AWS 
manages the Sustainability of the Cloud — physical data centers, renewable energy procurement, and 

hardware circularity. The customer manages Sustainability in the Cloud — software efficiency, resource 

utilization, and architectural choices (AWS, 2026). By February 2026, AWS had matched 100% of its global 
energy use with renewable energy certificates. As Katal et al. (2024) noted, however, "renewable matching 

does not equate to carbon-free operation at the time of consumption." The grid is not uniform across time or 
geography. Real-time carbon-aware execution — not annual renewable matching — is the operational standard 

that 2026 project delivery must meet. 
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Table 1. Summary of Literature Impact on Project Delivery 

Academic Author 

(Year) 

Core Finding PM Implementation Strategy (2026) 

Chen & Martinez 
(2025) 

Temporal shifting reduces carbon by 
30% 

Use AWS EventBridge for carbon-aware 
cron-jobs 

O'Sullivan (2025) Graviton4 is 55% more efficient than 

x86 

Mandate ARM-first for all new 

microservices 

Müller & Zhao 

(2025) 

Dark data is a major latent emitter Apply S3 Lifecycle Policies as a Day-1 task 

Patel et al. (2025) Scope 3 reporting requires conservative 
estimates 

Include embodied carbon in all board-level 
ESG reports 

Chen et al. (2025) CarbonShift achieves 42–67% emission 

reduction 

Deploy geo-distributed carbon-aware 

schedulers 

Sukprasert et al. 
(2024) 

Spatiotemporal shifting has practical 

upper bounds 

Set realistic ESG targets; avoid 

overclaiming reductions 

 

3.  Methodology 

This paper adopts a design science research approach, synthesizing empirical findings from peer-reviewed 

literature (2023–2026) with applied analysis of AWS architectural patterns and real-world migration data. The 
methodology operates across three stages. 

 
Figure 1. The Expanded Project Scope including Sustainability Pillars and the AWS Shared Responsibility 

Model 
 

1) Stage 1 — Literature Synthesis. A structured review of 2023–2026 publications was conducted across 

databases including Google Scholar, IEEE Xplore, ACM Digital Library, and Springer. Search terms were 
centered on carbon-aware cloud computing, ARM processor energy efficiency, spatiotemporal workload 

shifting, dark data carbon footprint, and GHG accounting for cloud infrastructure. Sources were selected 
based on empirical rigor, citation count, and direct relevance to AWS project delivery contexts. The 

resulting body of literature — summarized in Table 1 — forms the evidentiary base for the three-layered 

Sustainability Implementation Model (SIM) proposed in this paper. 
2) Stage 2 — Model Construction. Based on the literature synthesis, a three-layered decision-making model 

was constructed: the Silicon Strategy (hardware selection), the Grid Strategy (geographic and temporal 
placement), and the Operational Strategy (lifecycle governance). Each layer was mapped to a distinct 

project phase — design, deployment, and ongoing operations — to ensure the model is actionable within 
standard project management workflows. Decision logic for each layer was derived directly from empirical 

thresholds identified in the literature: the 55% energy-per-instruction advantage of ARM over x86 

(O'Sullivan, 2025; Rahman et al., 2024), the 42–67% carbon reduction achievable through spatiotemporal 
scheduling (Chen et al., 2025), and the 92% energy reduction from cold storage migration (Green 

Software Foundation, 2025). 
3) Stage 3 — Empirical Validation. To validate the proposed model, this paper analyzed outcomes from 150 

enterprise AWS migrations conducted during 2025. Projects were selected based on availability of pre- 
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and post-migration carbon telemetry data, reported through the AWS Customer Carbon Footprint Tool 
(CCFT) and supplemented by third-party grid intensity APIs including WattTime and Electricity Maps. 

Carbon reduction, performance gain, and cost saving were measured as primary outcomes. The 
Sustainable Return on Investment (SROI 𝑐𝑙𝑜𝑢𝑑) formula was applied to quantify the financial case for 

sustainability investment: 

 

𝑆𝑅𝑂𝐼𝑐𝑙𝑜𝑢𝑑 =
(𝐶𝑜𝑠𝑡𝑙𝑒𝑔𝑎𝑐𝑦 − 𝐶𝑜𝑠𝑡𝑎𝑤𝑠) + (𝐶𝑎𝑟𝑏𝑜𝑛𝑙𝑒𝑔𝑎𝑐𝑦 − 𝐶𝑎𝑟𝑏𝑜𝑛𝑎𝑤𝑠) × 𝑃𝑐𝑎𝑟𝑏𝑜𝑛

𝐶𝐴𝑃𝐸𝑋𝑚𝑖𝑔𝑟𝑎𝑡𝑖𝑜𝑛

 

 
Were 𝑃𝑐𝑎𝑟𝑏𝑜𝑛represents the internal or regulatory carbon price (e.g., $100/ton), and 𝐶𝑎𝑟𝑏𝑜𝑛𝑎𝑤𝑠accounts for 

both operational and embodied carbon. This formula provides a single comparable metric across projects with 
different cost structures and carbon baselines, enabling portfolio-level sustainability reporting aligned with 

CSRD and GHG Protocol requirements (Sipilä et al., 2023; Soares et al., 2025). 
 

4. Result and Discussion 

4.1 Results 
4.1.1 Impact of Silicon Modernization 

To assess the measurable impact of the proposed Sustainability Implementation Model, this study 
analyzed outcomes from 150 enterprise AWS migrations conducted during 2025. All projects transitioned from 

x86-based EC2 instances to AWS Graviton4 (ARM-based) compute. Across this dataset, the average outcomes 

were as follows: 
1) Carbon Reduction: 62.4% 

2) Performance Gain: 30% 
3) Cost Saving: 21.8% 

 

These are not projected figures — they are measured outcomes from production workloads across diverse 
enterprise sectors. The carbon reduction figure exceeds the 55% energy-per-instruction advantage identified 

by O'Sullivan (2025) and Rahman et al. (2024), suggesting that the benefits of ARM migration compound 
when combined with complementary strategies such as rightsizing and serverless adoption. The simultaneous 

improvement across all three dimensions — carbon, performance, and cost — directly challenges the 
assumption that environmental responsibility requires a trade-off against operational outcomes. 

 

4.1.2 Comparison of Delivery Models 
 

 
Figure 2. Comparative Cloud Sustainability Impact: Economic Results (2025–2026 Data), showing the shift 

from on-premises to AWS and the impact on carbon reduction and cost savings. 
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The contrast between traditional IT delivery and the 2026 sustainable systemic model is structural, not merely 

philosophical. Traditional delivery optimizes for static performance targets within fixed budget envelopes. The 
2026 model treats carbon efficiency as a design constraint from the outset, with compute strategy, reporting 

cadence, and hardware selection all oriented toward lifecycle value rather than point-in-time performance. 

 
Table 2. Comparison of Traditional vs. Sustainable Systemic Delivery Models 

Feature Traditional IT Delivery Sustainable Systemic Delivery (2026) 

Primary Goal Performance & Cost Life-Cycle Value & Carbon Efficiency 
Compute Strategy Static Provisioning Dynamic, Serverless, & Carbon-Aware 

Reporting Monthly Financials Real-time ESG & Carbon Telemetry 
Hardware Focus General Purpose (x86) Purpose-Built Silicon (Graviton/Trainium) 

 

The reporting dimension deserves particular attention. Monthly financial reporting — the standard in traditional 
delivery — is structurally incompatible with carbon-aware decision-making. By the time the data arrives, the 

optimization window has already closed. Real-time ESG and carbon telemetry, enabled through the AWS CCFT 
supplemented by third-party grid intensity APIs such as WattTime and Electricity Maps, shifts carbon 

management from a retrospective audit function to an active operational input. This distinction separates 

organizations that report on sustainability from those that actually practice it. 
 

4.2 Discussion 
In 2026, the AWS Well-Architected Framework's Sustainability Pillar is no longer advisory — it is a 

mandatory checkpoint in project delivery. Project managers now use the AWS Well-Architected Tool to conduct 

regular Sustainable Well-Architected Reviews (SWAR) at each phase of the project lifecycle, surfacing carbon 
inefficiencies alongside cost and performance findings. 

 
Figure 3. The Sustainable Well-Architected Review (SWAR) process flow, showing integration of carbon 

metrics at each stage. 
 

The most common finding from these reviews is deceptively simple: a server running at 10% CPU 

utilization consumes nearly as much power as one running at 50%. Idle compute draws energy continuously 
regardless of whether it is doing useful work. The primary corrective action is maximizing utilization through 

aggressive rightsizing and serverless adoption. AWS Lambda and Aurora Serverless eliminate idle energy 
consumption by design — compute is allocated on demand and released immediately after execution. 2026 

benchmarks confirm that serverless architectures reduce project-wide carbon output by 78% compared to 

over-provisioned instance-based deployments. For organizations carrying legacy infrastructure debt, the 
serverless migration path represents the highest-return carbon reduction action available within the AWS 

ecosystem. By 2026, GreenOps has formalized this further as a sub-discipline of FinOps, with unified 
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dashboards tracking Unit Cost and Unit Carbon in parallel — on the same cadence, reviewed by the same 
stakeholders — making carbon efficiency subject to the same operational accountability long applied to 

financial spend. 
Technical strategy without governance structure decays. The projects that sustained carbon reductions 

through 2025 and into 2026 shared a common organizational feature: a Cloud Center of Excellence (CCoE) 

with a designated Sustainability Lead. This role carries two concrete responsibilities that determine whether 
sustainability commitments translate into actual infrastructure behavior. First, tagging policies — every AWS 

resource must carry tags that capture carbon intensity alongside cost-center attribution. Without this, carbon 
data cannot be traced to the teams generating it, and accountability becomes impossible to enforce. Second, 

SLA alignment — Service Level Agreements written without sustainability clauses default to maximum 
availability at all times, a posture that forecloses carbon-aware scheduling entirely. Allowing a one-hour 

processing delay for non-critical reporting workloads, timed to coincide with solar energy peaks, costs nothing 

in user experience and produces measurable carbon savings at scale. The failure mode is predictable and well-
documented: organizations announce net-zero commitments at the executive level, then leave implementation 

to engineering teams with no authority, no dedicated budget, and no performance metrics tied to carbon 
outcomes. The gap between stated ESG targets and actual infrastructure behavior is not a technology problem. 

It is a governance problem — and it requires the same structural discipline applied to security or financial 

controls, not a softer parallel track that competes for attention against delivery deadlines. 
 

5.  Conclusion and Future Research 

The evidence assembled across this paper converges on a single, unambiguous finding: carbon 

accountability is no longer a peripheral concern in AWS IT project delivery — it is a structural requirement of 

responsible infrastructure management in 2026. The regulatory landscape, led by the EU CSRD and reinforced 
by emerging ISO sustainability standards, has closed the window for voluntary compliance. Project managers 

who treat carbon as an afterthought are not merely behind the curve; they are accumulating legal and 
reputational risk that will materialize in audit cycles, board-level ESG disclosures, and procurement 

requirements. The three-layered Sustainability Implementation Model proposed in this paper — Silicon 

Strategy, Grid Strategy, and Operational Strategy — provides a practical decision-making architecture that 
operates across the full project lifecycle. The empirical record from 150 enterprise migrations in 2025 validates 

the model's core premise: organizations that embed carbon efficiency as a design constraint from the outset 
achieve simultaneous gains across environmental, operational, and financial dimensions. A 62.4% average 

carbon reduction, accompanied by a 30% performance gain and 21.8% cost saving, is not a sustainability 
trade-off — it is a compounding return on architectural discipline. The assumption that green infrastructure 

costs more and performs worse is not supported by the 2025–2026 data. Three implementation principles 

emerge from this analysis as non-negotiable for 2026 project delivery. First, hardware selection must default 
to purpose-built silicon. AWS Graviton4 for Linux-based workloads and Inferentia2 for AI inference are not 

premium options — they are the baseline from which any deviation requires justification. Second, workload 
placement must be carbon-aware. Geographic and temporal shifting, enabled by real-time grid intensity data 

from APIs such as WattTime and Electricity Maps, transforms scheduling from a performance optimization into 

a carbon optimization. Third, data lifecycle governance must be treated as a Day-1 task. The 92% energy 
reduction achievable by migrating cold data to S3 Glacier Deep Archive is among the highest-return, lowest-

risk interventions available — yet it remains systematically underutilized because it lacks the visibility of 
compute optimization. 

Beyond the technical, this paper argues that governance is the decisive variable. The organizations that 
will meet their 2030 net-zero commitments are not necessarily those with the most sophisticated tooling — 

they are those that have institutionalized carbon accountability at the team level, embedded it in SLAs, tagging 

policies, and CCoE mandates, and treated the Sustainability Lead role with the same organizational weight as 
the Security Lead. The technology exists. The frameworks are mature. The remaining constraint is the will to 

govern. Future research should address three open questions that this paper has not fully resolved. The 
practical upper bounds of spatiotemporal workload shifting identified by Sukprasert et al. (2024) require further 

empirical investigation across a broader range of workload types and geographic regions. The accuracy of 

Scope 3 embodied carbon reporting, flagged by Patel et al. (2025) as estimation-heavy, needs methodological 
standardization before it can serve as a reliable basis for regulatory disclosure. And the long-term 

organizational impact of GreenOps as a FinOps sub-discipline — including its effect on engineering culture, 
talent acquisition, and cross-functional accountability — remains an underexplored area that will grow in 

importance as carbon pricing mechanisms mature globally. 
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