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The use of container orchestration platforms has changed the application deployment 

patterns, but cost management has remained an operational issue. Kubernetes 

environments are often resource inefficient due to over-provisioning, node fragmentation, 

workload imbalance, too much storage allocation, and high network transfer costs. This 

framework introduces systematic approaches to cost optimization in Kubernetes clusters, 

leveraging built-in visibility strategies, configuration tuning, and workload-based 

optimization strategies. The proposed approach integrates a cluster telemetry system and 

allocation tracking to create end-to-end cost visibility for containerized infrastructure. This 

optimization of resources can be achieved by right-sizing using utilization signals, vertical 

scaling policy, horizontal scaling policy, and bin-packing efficiency-enhancing techniques 

that minimize idle capacity by using dynamic provisioning policies. Mixed-instance node 

fleet deployment, the adoption of spot instances with disruption-aware scheduling, and 

long-term capacity planning based on savings plans are among the compute cost reduction 

methods.   These strategies and practical tips help companies using Kubernetes to 

consistently save on infrastructure costs while ensuring that their workloads remain reliable, 

perform well, and meet compliance requirements during production. 
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1. Introduction 

Container orchestration technology has changed how organizations deploy and manage applications 

in cloud environments, with Kubernetes becoming the prevalent solution for production workloads. 

The platform provides massive advantages such as automated deployment, the capacity to scale 

horizontally, self-healing, and declarative configuration management. The use of Kubernetes, 

however, presents unique cost management, which is fundamentally different when compared to the 

traditional virtualized infrastructure models. Container density can lead to new kinds of resource 

waste, where multiple workloads on the same compute nodes can cause uneven use of resources, poor 

organization of resources, and difficulty in monitoring usage closely. One of the most considerable 

sources of unwarranted spending in Kubernetes environments is resource overprovisioning. The 

request and limit policies of development teams are often conservative, leading to underutilized 

capacity within clusters. The problem of node fragmentation is that pods with particular resource 

needs cannot be optimally scheduled, and, as a result, small areas of idle CPU and memory are spread 

across the infrastructure. These issues get worse because the workload isn't evenly spread out; some 

nodes are fully used while others are mostly unused. Storage allocation mirrors compute 

inefficiencies, with persistent volumes being allocated more space than necessary and unused volumes 

remaining long after the applications that created them are gone. Unspoken aspects of Kubernetes 

spending, particularly in multi-zone and multi-region deployments, include the cost of network 

transfers. There can be cross-availability-zone communication between pods, too much egress traffic, 

and inefficient load balancer configurations that will create high recurrent charges. The distributed 
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nature of microservices architectures increases these costs, as service-to-service communication 

patterns lead to an increase in network hops and data transfer volumes. Traditional cost-saving 

methods designed for large, single applications or fixed groups of virtual machines don't work well in 

the fast-changing world of containers, where pods are frequently created, moved, and turned off based 

on scheduling and scaling needs. This framework addresses these challenges by integratingvisibility 

mechanisms, configuration tuning methodologies, and workload-sensitive optimization tactics.  Cost 

optimization requiresmonitor resource use patterns regularly, actively modifying allocation policies, 

and selecting the type of compute infrastructure strategically. Companies that adopt extensive 

optimization models are able to deliver long-term savings in the cost of infrastructure, yet retain the 

application performance, reliability levels, and operational compliance levels. The strategies that are 

offered in this engineering lead can offer platform teams repeatable processes in handling cost at scale 

as Kubernetes deployments become increasingly complex and expensive. 

1.1 Cost Visibility and Resource Monitoring Frameworks 

Creating a holistic view of resource consumption patterns is the cornerstone of efficient cost 

optimization in Kubernetes settings. Cluster telemetry systems gather granular data, such as pod-level 

CPU and memory usage, node capacity assignment, persistent volume usage, and network transfer 

volumes. The allocation tracking systems determine how resources are used by linking them to 

specific cost centers through methods that use namespaces and tagging strategies.  Namespace 

isolation - logically isolated boundary of Kubernetes spaces, which can be intuitively aligned with real-

life organization structures like projects, environments, or teams. This granular approach enables 

organizations to track expenditures using applications, services, customers, or any other relevant 

dimension. Both direct resource costs (like compute instances) and indirect costs (including network 

egress costs, load balancer costs, and persistent storage costs). The accuracy of the cost distribution 

depends on properly applying metadata tags throughout the resource structure from nodes and pods 

down to individual containers. Utilization signal extraction takes the raw data and turns it into useful 

information by finding patterns of waste and inefficiency. The idleness capacity detection algorithms 

search through resources that have low utilization rates over a long history, such as seven to fourteen 

days, to remove spikes in utilization. The right-sizing advice is given by comparing actual usage to 

what was requested, showing where it's possible to reduce resource reservations without harming 

application performance. The systems for detecting cost anomalies use baseline modeling and 

threshold alerting to identify any unexpected increases in expenditure, which might result from 

configuration errors, bugs in the application, or illegal provisioning of resources. Platform engineering 

teams should have access to detailed technical measurements, including node usage rates, pod 

scheduling, and resource quota usage. Financial stakeholders require budget consumption tracking, 

future expenditure projection models, and aggregate cost trends. Application development teams can 

use service-specific views to illustrate how their deployments contribute to the overall infrastructure 

costs. Successful dashboard designs are the key to making cost drivers visible. 

 

Figure 1: Cost Visibility and Monitoring Process [1, 9] 
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1.2 Resource Request and Limit Configuration Strategies 

The Kubernetes resource scheduling relies on clearly defined CPU and memory requirements, 

specified through request and limit parameters. Resource requests the scheduler placement policies 

because pods are scheduled only on nodes with sufficient reserved capacity. Limits provide a 

maximum consumption of resources and cause CPU throttling when crossed. This can lead to possible 

eviction if the memory limit is exceeded. Quality of service classes, requests, and limits: Guaranteed 

pods are defined with requests equal to limits. There are varying treatments of each class in resource 

contention cases where the Guaranteed pods are given the first priority protection against eviction [3]. 

The right-sizing methodologies seek to match the resource requirements against the recorded 

consumption patterns determined by historical utilization analysis. Oversized containers squander 

resources that applications are actually using, and undersized containers can either be degraded by 

load or evicted. The best way to right-size resources is to consider the range of resource use instead of 

just the average, focusing on the 95th (or 99th) percentile to handle real spikes in usage without 

adding too much extra. To get comfortable with right-sizing, organizations frequently start with 

stateless workloads and applications of lower priority and modify specifications for critical services. 

The iterative refinement processes are used to perform incremental changes [4]. 

Vertical scaling implementations, such as the Vertical Pod Autoscaler, automatically modify resource 

specifications according to their usage levels. Periodically, these systems may analyze container 

metrics and come up with revised recommendations based on organizational risk tolerance and 

workload patterns. Automatic vertical scaling is suitable for stateless applications with minimal 

disruption on pod restarts, whereas stateful workloads can usually be configured by hand and during 

scheduled maintenance windows. Vertical scaling eliminates gradual overprovisioning drift due to 

changes in applications over time and usage patterns. 

Quotas may restrict overall CPU and memory requests, pod count, any persistent volume claims, and 

others within a namespace. Limit ranges also work in conjunction with quotas, minimum and 

maximum quantities of units that a single container can hold to ensure neither excessive provisioning 

(which is wasteful) nor problematic underprovisioning. The policies that regulate pod eviction are 

based on resource pressure situations and take into account the quality of service class, the 

comparison of resource usage to the requests, and the priorities of pods when selecting candidates for 

termination to free up space. 

 

 

Figure 2: Resource Request and Limit Configuration Strategy [3, 4] 
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2. Node Optimization and Autoscaling Mechanisms 

Cluster autoscaling adjusts the number of nodes in a Kubernetes cluster depending on the 

requirements of the pending pods. The autoscaler checks for pods that cannot be scheduled due to a 

lack of capacity in the cluster and adds new nodes. After 10 to 15 minutes of low utilization, the 

autoscaler identifies removable nodes by simulating pod rescheduling. The scale-down process will 

respect the disruption budgets, taking into account taints on nodes that are suitable for termination 

before the process starts. The parameters that define the autoscaler's function, such as the scaling 

time [2]. 

Node pool segmentation deploys similar nodes to the whole cluster. Compute-type node pools provide 

CPU-bound applications; memory-type node pools provide assistance in data processing applications; 

and general-purpose node pools help provide mixed workload applications. Node selectors, rules, and 

taints help place various pods in node pools based on the specified needs in the form of labels and 

annotations [5]. Bin-packing efficiency improvements focus on maximizing resource utilization 

density by optimizing the placement of pods onto available nodes. The kube-scheduler uses scoring 

functions to evaluate node suitability for pods based on their resource needs, spreading needs, and 

other factors. 

Writing custom scheduler configurations that favor consolidating resources rather than spreading 

them out, thereby minimizing the number of partially utilized nodes. Pod priority classes help less 

important tasks to be interrupted so that more important services can run, which helps avoid wasting 

resources that would need more nodes. 

Horizontal pod autoscaling complements autoscaling working well with node-level optimization by 

changing the number of pod replicas based on data about CPU use, memory use, or specific 

application metrics. Scaling policies are defined in terms of minimum and maximum replica counts, 

target thresholds of utilization, and stabilization windows aimed at preventing rapid scaling 

oscillations. Combining horizontal pod autoscaling and cluster autoscaling creates a flexible system 

that adjusts resources up and down. 

 

 

Figure 3: Node Optimization and Autoscaling Mechanisms [2, 5] 

2.1 Modern Autoscaling with Karpenter 

Karpenter is an open-source node provisioning solution created by AWS that addresses limitations in 

the traditional Cluster Autoscaler implementations. The main difference between the two approaches 

lies in the provisioning approach - Karpenter considers the demands of pending pods and chooses 

types of instances among the entire range of available compute resources instead of working within 
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preset node pools limited to certain instance types [2]. Doing away with any manual node pool 

configuration prerequisites allows the provision of better fits between workload demands and the 

underlying infrastructure capabilities. 

The traditional autoscaling approaches have organizations predetermine workload behavior patterns 

and configure multiple node groups based on the different workload classifications, which comes with 

high configuration overhead and limits optimization opportunities. Cluster Autoscaler operates within 

fixed set limits of autoscaling groups and regulates the capacity based on predetermined increments 

regardless of the actual workload characteristics. This kind of strict scaling behavior is often known to 

over-provision in periods of expansion and create latency in periods of reduction. Karpenter also uses 

real-time analysis on unscheduled pods with the selection of types of instances based on CPU and 

memory requirements, availability zone distribution needs, and cost optimization goals. The 

provisioning algorithm examines hundreds of possible combinations of instance types to find cost-

optimal solutions to meet pending workload demands [5]. 

The advanced autoscaling implementations record significant cost savings and optimized scheduling 

and autoscaling schemes realize cost savings ranging between 23 and 58 percent of default Kubernetes 

scheduler performance on a wide range of workload profiles [2]. The economic gains are a result of the 

increased resource consolidation, removal of idle capacity and dynamic instances selection that 

responds to workload attributes instead of being fixed by a fixed set of node pool definitions. Being 

able to support heterogeneous instance types in the same logical node pools allow optimization of 

both performance and cost metrics at the same time - configuring compute-optimized instances to be 

used in CPU-intensive processes and memory-optimized instances to be used in data processing 

processes without any manual configuration actions. The flexibility in the selection of instances is 

especially beneficial in a setting where different application portfolios have a different resource 

consumption profile [5]. 

Karpenter uses the continuous optimization by continually assessing the opportunities to substitute 

underutilized nodes with more cost-effective alternatives [5]. The system implements proactive pod 

redistribution so that aggressive resource optimization can be achieved without violating the 

availability requirements as well as disruption budget constraints. Conservative scale-down logic is 

used by Traditional Cluster Autoscaler, which includes fixed cooldown delays, which can typically take 

10 to 15 minutes of sustained low utilization to initiate node removal mechanisms. Karpenter 

overcomes these time-delays by continually assessing the opportunities available for consolidation, 

finding the situations when several partially utilized nodes can be replaced by fewer better 

dimensioned ones [2]. Companies using advanced autoscaling approaches record significant resources 

utilization efficiency benefits, 24 to 32 percent cost savings on dynamic workload trends including 

growing, cyclical, intermittent workload conditions [5]. The effects of cost optimization can be 

especially acute in the context of the variable workload density, in which case the classical methods of 

autoscaling face the challenges of ensuring the optimal distribution of the resources under the uneven 

demand curves. 

The rescheduling mechanisms that are incorporated in modern autoscaling models supplement the 

logic of provisioning as introduced by Karpenter to aid the consolidation of workloads without 

interruption to service provision [2]. These functions make sure that the resource optimization is done 

regularly and not only when there is an initial placement determination cycle. The organizations also 

achieve lower costs in terms of infrastructure and maintain the characteristics of applications in terms 

of performance and availability during optimization processes. 

These architectural features make Karpenter the choice of autoscaling solution to use in production 

deployment of Kubernetes that aims at minimizing costs and maximizing operational efficiency. 

Cluster Autoscaler to Karpenter Migration is a paradigm shift to the workload-based provisioning 



Journal of Information Systems Engineering and Management 
2026, 11(2s) 

e-ISSN: 2468-4376 

https://www.jisem-journal.com/ Research Article  

 

 122 Copyright © 2026 by Author/s and Licensed by JISEM. This is an open access article distributed under the Creative Commons 

Attribution License which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is 

properly cited. 

 

models over group-based capacity management whereby an organization can attain better cost 

efficiency without impacting application performance or availability guarantees. 

2.2 Compute Cost Reduction Through Instance Selection 

The strategic selection of instances provides tremendous potential in terms of cost savings because it 

utilizes pricing structures in which types of flexibility or availability commitments are traded at more 

reduced hourly rates. Kubernetes deployments can successfully use spot instances by deploying fault-

tolerant, stateless applications that tolerate graceful node shutdowns. Continuous integration 

workloads, batch processing jobs, and scalable web services make them the best candidates for using 

spot instances where the failure of individual pods does not affect the system as a whole [2]. 

Disruption-sensitive scheduling algorithms reduce the risks of interruption of spot instances by a 

combination of complementary methods. Pod disruption budgets enforce minimum availability 

constraints, ensuring that voluntary disruptions like node drains do not compromise service level 

goals. Having a wider selection of instance types and availability zones helps reduce the chances of 

multiple failures happening at the same time because of spot capacity issues affecting specific instance 

families in certain zones. Graceful shutdown handlers enable applications to service in-flight requests 

and state of checkpoint their state before termination, and limit the effect of interruptions on user 

experience and data integrity. Interruption notification via spot instance allows integration of a two-

minute warning, during which the schedulers can move workloads to stable nodes in advance, before 

forced termination [5]. 

Cost savings can be made with savings plans and reserved instances, which are a promise of constant 

usage rates over a period of one or three years in exchange for a discount of between 30 and 70 

percent based on the commitment period and payment plan. Organizations normally allocate capacity 

to the baseline workload, which has predictable and constant patterns of resource consumption when 

addressing variable demand in on-demand or spot cases. Reserved capacity planning entails analyzing 

past utilization patterns to establish a stable minimum requirement that can validate long-term 

commitments. The flexibility in terms of instance type of the savings plans enables organizations to 

enjoy the commitment discounts without losing the capacity to make particular instance selections as 

needed due to changes in the application requirements. 

Mixed-instance node pools mix several types of instances in a single autoscaling group, and the cluster 

has the opportunity to use a wide variety of pricing options without increased complexity in operation. 

Priorities-based instance selection lists instance types from most to least cost-effective and has backup 

options ready if the top choices are unavailable. Workload prioritization frameworks allocate 

applications of different classes to node pool spot capacity. The tiered approach would provide the 

best cost optimization in terms of overall infrastructure costs and the correct level of reliability of each 

workload type. 

 

Figure 4: Compute Cost Reduction Through Instance Selection [2, 5] 
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2.3 Storage and Network Cost Control Implementations 

Right-sizing volumes based on persistent volume usage and storage resource overprovisioning. The 

monitoring tools help track the usage of volume capacities for a particular period, volumes that are 

underutilized and hence considered for downsizing. Organizations are able to allocate high-

performance storage resources to applications that require such resources. Online volume resizing by 

new storage drivers, while shrinking volumes entails complex processes that require data migration to 

new, specially created, smaller volumes [7]. 

The accumulation of "orphan" storage resources and the deletion of applications occurred. The auto-

provisioning tasks search for such resources and delete them after grace periods to ensure they are 

unused before deleting them. Snapshot retention periods for a balance of required recoveries against 

the price of storage resources; it automatically deletes old snapshots to retain recent backup copies 

and regularly produced checkpoints at predetermined times.  

Architectural patterns that attempt to limit cross-zone and cross-region communication. Pod affinity 

constraints ensure that services that are related are placed in the same pods or in the same zone of 

availability, with the number of network hops. Routing-aware message routing forwards traffic 

directly to endpoints in the same zone when multiple copies of the replica exist, and cross-zone 

charges occur during service communication within a network. Network policies limit extraneous 

communication attempts, thus reducing security risks as well as network usage charges [10]. 

Caching frequently accessed static resources at points close to customers, the data egresses from the 

Kubernetes cluster. The data being sent via networks does not impact functionality requirements. The 

efficiency enhancements for the ingress controller connection pooling, keep-alive, and routing 

improvements. 

 

Conclusion 

The framework introduced creates feasible avenues that organizations can follow to attain long-term 

cost savings in Kubernetes environments without compromising operational reliability and 

performance levels. Organizations can add tools to monitor resource usage and enhance the 

configuration of containerized systems. Configuration tuning plans, such as resource request 

optimization and limit tuning, do not overprovision, but they do ensure the quality of application 

service. Auto scaling mechanisms and bin-packing optimization at the node level lower idle capacity 

and increase the efficiency of cluster utilization. Calculate cost reduction by strategic instance 

selection, such as the adoption of spot instances and the use of savings plans, which provide large cost 

reductions without the need to reduce workload availability. The network optimization and storage 

measures also enhance cost optimization by right-sizing and optimizing traffic patterns. Platform 

engineering teams that deploy these methodologies receive cost management processes that can be 

repeated and scale with the scale of the organization and operational needs. The next round of 

optimization involves more sophisticated machine learning-driven capacity forecasting, multi-cluster 

cost allocation models, and improved automation of managing resource lifecycles in distributed 

settings. Organizations that have used this structured optimization approach have been able to clearly 

improve their infrastructure cost efficiency while still meeting compliance and operational excellence 

standards. The tactics that are explained, which are engineering-led, enable cloud platform teams to 

become financially sustainable and maximize the rate of return on infrastructure investments. 
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