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Executive Summary

As early-stage companies experience rapid growth, their infrastructure needs evolve from simple, monolithic deploy-
ments to complex, distributed systems requiring dynamic scaling capabilities. Kubernetes has emerged as the de
facto standard for container orchestration, offering unparalleled flexibility and scalability. However, implementing
Kubernetes effectively requires strategic planning, proper configuration, and ongoing optimization.

This whitepaper provides a practical roadmap for early-stage companies to scale their infrastructure using Kuber-
netes, with primary focus on Amazon Elastic Kubernetes Service (EKS) while covering Azure Kubernetes Service
(AKS) and Google Kubernetes Engine (GKE). We explore cost optimization strategies, security best practices aligned
with NIST and CIS frameworks, and actionable implementation steps that can be executed by lean technical teams.

Key findings from our analysis show that companies implementing proper Kubernetes autoscaling strategies can
achieve up to 66% cost reduction while maintaining high availability and performance. Through strategic use of spot
instances, right-sizing, and intelligent autoscaling policies, early-stage companies can build enterprise-grade
infrastructure without enterprise-level budgets.
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Introduction

The modern application landscape demands infrastructure that can scale dynamically, handle unpredictable traffic
patterns, and maintain high availability while controlling costs. For early-stage companies, these requirements
present a unique challenge: building robust, scalable infrastructure with limited resources and expertise.

Kubernetes addresses these challenges by providing a powerful orchestration platform that automates deployment,
scaling, and management of containerized applications. However, the complexity of Kubernetes can be overwhelming
for teams focused on product development rather than infrastructure management.

“The key to successful Kubernetes adoption isn'’t just about technology—it’s about finding the right balance
between automation, cost control, and operational simplicity. Early-stage companies need solutions that grow with
them, not against them.” - Jared Knedler, Senior Infrastructure Engineer, Jacobian Engineering

This whitepaper focuses on practical, actionable strategies that early-stage companies can implement to leverage
Kubernetes effectively, with particular emphasis on managed services that reduce operational overhead while
maintaining flexibility and cost efficiency.

The Kubernetes Landscape for Startups

Current Market Reality

The container orchestration market has consolidated around Kubernetes, with over 88% of organizations using it in

production according to recent CNCF surveys. For early-stage companies, this presents both opportunities and chal-
lenges:

Opportunities:

- Mature ecosystem with extensive tooling and community support

- Managed services from major cloud providers reduce operational complexity
- Cost-effective scaling through efficient resource utilization

- Future-proof architecture that scales with business growth

Challenges:

- Steep learning curve and complexity

- Security considerations requiring specialized knowledge
- Cost management complexity without proper optimization
- Operational overhead for small teams

Why Managed Kubernetes Services Matter

For early-stage companies, managed Kubernetes services like EKS, AKS, and GKE provide critical advantages:

1. Reduced Operational Overhead: Cloud providers manage the control plane, reducing the burden on internal
teams

2. Built-in Security: Integrated security features and compliance certifications
3. Seamless Integration: Native integration with cloud provider services

4. Predictable Costs: Clear pricing models with cost optimization tools

“We've seen companies reduce their infrastructure management overhead by 70% when moving from self-man-
aged Kubernetes to EKS with proper automation. This allows teams to focus on what matters most—building their
product.” - Kyrylo Maznik, DevOps Architect, Jacobian Engineering



AWS EKS: The Primary Platform

Why EKS for Early-Stage Companies

Amazon Elastic Kubernetes Service (EKS) stands out as the preferred choice for many early-stage companies due to
several key factors:

Market Leadership: AWS maintains the largest cloud market share, providing extensive service ecosystem and
global infrastructure coverage.

Cost Optimization Features: EKS offers sophisticated cost management tools including:
- Spot Instance integration with up to 90% savings

- Mixed instance policies for optimal resource utilization

- Cluster Autoscaler for dynamic scaling

- Fargate for serverless container execution

Security and Compliance: Built-in integration with AWS security services and compliance frameworks.

EKS Architecture Fundamentals

A typical EKS cluster consists of:

1. Control Plane: Managed by AWS, includes API server, etcd, scheduler, and controller manager
2. Worker Nodes: EC2 instances or Fargate tasks running your applications

3. Networking: VPC-native networking with support for security groups and NACLs

4. Storage: Integration with EBS, EFS, and FSx for persistent storage needs

Implementing EKS Cluster Autoscaler

The Cluster Autoscaler is crucial for cost-effective scaling. Here’s a practical implementation approach:

Step 1: Cluster Setup with Auto Scaling Groups

# Create EKS cluster with eksctl
eksctl create cluster \
--name production-cluster \
--region us-west-2 \
--nodegroup-name workers \
--nodes 2 \
--nodes-min 1 \
--nodes-max 10 \
--node-type m5.large \
- -managed

Step 2: Configure IAM Permissions

The Cluster Autoscaler requires specific IAM permissions to manage Auto Scaling Groups:



"Version": "2012-10-17",
"Statement": [
{

"Action": [
"autoscaling:DescribeAutoScalingGroups",
"autoscaling:DescribeAutoScalingInstances",
"autoscaling:SetDesiredCapacity",
"autoscaling:TerminateInstanceInAutoScalingGroup"

1,

"Resource": "*",

"Effect": "Allow"

Step 3: Deploy Cluster Autoscaler

apiVersion: apps/vi
kind: Deployment
metadata:
name: cluster-autoscaler
namespace: kube-system
spec:
template:
spec:
containers:
- image: k8s.gcr.io/autoscaling/cluster-autoscaler:v1.30.0
name: cluster-autoscaler
command :
- ./cluster-autoscaler
- --v=4
- --stderrthreshold=info
- --cloud-provider=aws
- --skip-nodes-with-local-storage=false
- --expander=least-waste
- --node-group-auto-discovery=asg:tag=k8s.io/cluster-autoscaler/enabled, k8s.io/
cluster-autoscaler/production-cluster

Cost Optimization Strategies

Spot Instance Integration

Implementing spot instances can reduce costs by up to 90%. Key strategies include:
1. Mixed Instance Policies: Combine On-Demand and Spot instances

2. Pod Disruption Budgets: Ensure application availability during spot interruptions
3. Multi-AZ Distribution: Spread workloads across availability zones

Resource Right-Sizing

Proper resource requests and limits are fundamental:



resources:
requests:
cpu: "0.5"
memory: "1Gi"
limits:
cpu: "1"
memory: "2Gi"

Scaling to Zero

For development and staging environments, implementing scaling to zero can eliminate costs during idle periods:

# Configure node group for zero scaling
eksctl create nodegroup \
--cluster=dev-cluster \
--name=zero-scale-ng \
--nodes=0 \
--nodes-min=0 \
--nodes-max=5

Multi-Cloud Considerations: AKS and GKE

Azure Kubernetes Service (AKS)

AKS offers compelling advantages for certain use cases:

Cost Benefits:

- Free control plane management

- Tight integration with Azure ecosystem
- Windows container support

Best Use Cases:

- Organizations already invested in Microsoft ecosystem
- Applications requiring Windows containers

- Hybrid cloud deployments with Azure Arc

AKS Implementation Highlights

# Create AKS cluster

az aks create \
--resource-group myResourceGroup \
--name myAKSCluster \
--node-count 2 \
--enable-addons monitoring \
--generate-ssh-keys \
--enable-cluster-autoscaler \
--min-count 1 \
--max-count 10

Google Kubernetes Engine (GKE)

GKE provides advanced features for companies prioritizing automation:



Key Advantages:

- Autopilot mode for fully managed experience

- Superior autoscaling performance (200ms average response time vs 300ms for AKS)
- Native Kubernetes expertise from Google

Autopilot Mode Benefits:
- Pay only for running pods
- Automatic node management
- Built-in security best practices

GKE Autopilot Implementation
# Create GKE Autopilot cluster
gcloud container clusters create-auto production-cluster \

--region=us-centrall \
--release-channel=regular

Multi-Cloud Decision Framework

Factor EKS AKS GKE

Cost (Control Plane) $0.10/hour Free $0.10/hour
Ease of Use Moderate High High
Performance Good Good Excellent
Windows Support Limited Excellent Limited
Spot Instance Support Excellent Good Good

Security Framework Implementation

NIST Cybersecurity Framework Alignment

Implementing Kubernetes security requires alignment with established frameworks. The NIST Cybersecurity
Framework provides a strategic approach:

Identify (ID)
« Asset inventory of all Kubernetes resources
* Vulnerability assessment of container images

* Network topology mapping
Protect (PR)

* Role-Based Access Control (RBAC) implementation
* Network policies for micro-segmentation
« Secrets management with encryption

Detect (DE)

« Comprehensive audit logging



* Runtime security monitoring

» Anomaly detection
Respond (RS)

* Incident response procedures
« Container isolation capabilities

» Automated remediation
Recover (RC)

 Backup and disaster recovery

* Business continuity planning
CIS Kubernetes Benchmarks
The CIS Kubernetes Benchmarks provide specific, actionable security controls:

Control Plane Security

# API Server secure configuration
apiVersion: vi
kind: Pod
spec:
containers:
- name: kube-apiserver
command :
- kube-apiserver
- --audit-log-maxage=30
- --audit-log-maxbackup=3
- --audit-log-maxsize=100
- --audit-log-path=/var/log/audit.log
- --enable-admission-plugins=NodeRestriction, PodSecurityPolicy

Pod Security Standards

apivVersion: vi
kind: Pod
metadata:
name: secure-pod
spec:
securityContext:
runAsNonRoot: true
runAsUser: 1000
fsGroup: 2000
containers:
- name: app
securityContext:
allowPrivilegeEscalation: false
readOnlyRootFilesystem: true
capabilities:
drop:
- ALL



Network Policies

apiVersion: networking.k8s.io/v1
kind: NetworkPolicy
metadata:
name: deny-all
spec:
podSelector: {}
policyTypes:
- Ingress
- Egress

Automated Security Scanning

Implement continuous security scanning with tools like:

+ kube-bench: Automated CIS benchmark checking
* Falco: Runtime security monitoring

* Trivy: Container image vulnerability scanning

# Run kube-bench for CIS compliance
kubectl apply -f https://raw.githubusercontent.com/aquasecurity/kube-bench/main/
job.yaml

Cost Optimization Strategies

The Cost Optimization Framework

Effective Kubernetes cost optimization requires a systematic approach across multiple dimensions:

1. Resource Right-Sizing

Challenge: Over-provisioning leads to wasted resources, while under-provisioning causes performance issues.

Solution: Implement Vertical Pod Autoscaler (VPA) alongside monitoring:

apiVersion: autoscaling.k8s.io/v1
kind: VerticalPodAutoscaler
metadata:
name: webapp-vpa
spec:
targetRef:
apivVersion: apps/vil
kind: Deployment
name: webapp
updatePolicy:
updateMode: "Auto"

2. Intelligent Autoscaling

Horizontal Pod Autoscaler (HPA) Configuration:



apiVersion: autoscaling/v2
kind: HorizontalPodAutoscaler
metadata:
name: webapp-hpa
spec:
scaleTargetRef:
apiVersion: apps/vi
kind: Deployment
name: webapp
minReplicas: 2
maxReplicas: 50
metrics:
- type: Resource
resource:
name: cpu
target:
type: Utilization
averageUtilization: 70

3. Spot Instance Strategy

Implementing spot instances requires careful planning:

Pod Disruption Budget:

apiVersion: policy/v1l
kind: PodDisruptionBudget
metadata:

name: webapp-pdb
spec:

minAvailable: 60%

selector:

matchLabels:
app: webapp

Node Affinity for Spot Instances:

spec:
affinity:
nodeAffinity:
preferredburingSchedulingIgnoredDuringExecution:
- weight: 100
preference:
matchExpressions:
- key: node.kubernetes.io/instance-type
operator: In
values: ["spot"]

Real-World Cost Optimization Results
Based on implementations across multiple early-stage companies:
 Average cost reduction: 45-66% through proper autoscaling and spot instance usage

* Resource utilization improvement: 40-60% increase in CPU and memory efficiency

* Operational overhead reduction: 70% decrease in manual scaling interventions



10

Voltus Success Story: Voltus, the leading virtual power plant operator, leveraged Kubernetes infrastructure scaling

to support their distributed energy resource platform operations across multiple energy markets. Through strategic
implementation of autoscaling policies and cloud-native architecture, they achieved robust compliance and security
frameworks while maintaining the operational flexibility required for grid stability and clean energy transition.

“We helped a Series A startup reduce their infrastructure costs from $15,000 to $5,000 monthly while improving
performance and reliability. The key was implementing proper autoscaling policies and leveraging spot instances
for non-critical workloads.” - Jared Knedler, Jacobian Engineering

Implementation Roadmap

Phase 1: Foundation (Weeks 1-2)

Obijectives:

- Set up basic EKS cluster with security best practices
- Implement monitoring and logging

- Establish CI/CD pipeline integration

Key Activities:

1. Cluster Creation:

bash

eksctl create cluster \

--name production \
--version 1.30 \
--region us-west-2 \
--nodegroup-name workers \
--nodes 3 \
--nodes-min 1 \
--nodes-max 10 \
--managed \

--enable-ssm

1. Security Configuration:
- Enable audit logging
- Configure RBAC policies
- Implement network policies

2. Monitoring Setup:
- Deploy Prometheus and Grafana
- Configure CloudWatch Container Insights
- Set up alerting rules

Phase 2: Optimization (Weeks 3-4)

Obijectives:

- Implement autoscaling strategies

- Configure cost optimization features
- Deploy security scanning tools

Key Activities:
1. Autoscaling Implementation:



- Deploy Cluster Autoscaler
- Configure HPA for applications
- Implement VPA for resource optimization

1. Cost Optimization:
- Configure spot instance node groups
- Implement mixed instance policies
- Set up cost monitoring dashboards

2. Security Hardening:
- Deploy kube-bench for CIS compliance
- Configure Falco for runtime security
- Implement image scanning in CI/CD

Phase 3: Advanced Features (Weeks 5-6)

Obijectives:

- Implement advanced networking

- Configure disaster recovery

- Optimize for specific workload patterns

Key Activities:

1. Advanced Networking:

- Configure service mesh (lIstio/Linkerd)

- Implement ingress controllers

- Set up DNS and certificate management

1. Disaster Recovery:
- Configure backup strategies
- Implement multi-AZ deployments
- Test recovery procedures

2. Workload Optimization:
- Implement custom metrics for HPA
- Configure scheduled scaling
- Optimize for batch workloads

Success Metrics

Track these key performance indicators:

« Cost Efficiency: Cost per request/transaction

* Resource Utilization: CPU and memory utilization percentages
« Availability: Application uptime and error rates

« Security Posture: CIS benchmark compliance score
 Operational Efficiency: Time to deploy and scale applications

11
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Jacobian Engineering Managed Services

Comprehensive Kubernetes Management

Jacobian Engineering provides end-to-end Kubernetes management services designed specifically for early-stage
companies. Our approach combines deep technical expertise with practical business understanding to deliver
solutions that scale with your growth.

Service Offerings
1. Kubernetes Platform Setup and Migration

+ EKS/AKS/GKE cluster design and implementation
» Migration from existing infrastructure
« Security hardening and compliance implementation
« Cost optimization from day one
2. Managed Operations
* 24/7 monitoring and alerting
» Automated scaling and optimization
+ Security patch management
« Performance tuning and troubleshooting
3. DevOps Integration
+ Cl/CD pipeline optimization
* GitOps implementation
* Infrastructure as Code (Terraform/Pulumi)

 Developer tooling and training
The Jacobian Advantage
Startup-Focused Approach: We understand the unique challenges of early-stage companies and design solutions

that provide enterprise-grade capabilities without enterprise complexity.

Cost-Conscious Design: Every implementation is optimized for cost efficiency, typically achieving 40-60% cost
reduction compared to traditional approaches.

Security-First Mindset: All implementations follow NIST and CIS frameworks, ensuring compliance and security
from the ground up.

Scalable Architecture: Our designs grow with your business, from MVP to enterprise scale without major
architectural changes.

“Jacobian Engineering transformed our infrastructure approach. We went from spending 40% of our engineering
time on infrastructure issues to less than 5%, while reducing costs by 50%. Their Kubernetes expertise allowed us
to focus on what matters most—nbuilding our product.” - CTO, Series A SaaS Company

Engagement Models
Consulting and Implementation

* Duration: 4-12 weeks
* Deliverables: Production-ready Kubernetes platform

* Includes: Architecture design, implementation, documentation, and team training



Managed Services
» Ongoing: Monthly retainer model
« Services: 24/7 monitoring, maintenance, optimization, and support

* SLA: 99.9% uptime guarantee with rapid response times
Hybrid Support
« Combination: Initial implementation followed by ongoing support

* Flexibility: Scale support up or down based on needs

« Training: Gradual knowledge transfer to internal teams

Conclusion and Next Steps

Key Takeaways

Kubernetes infrastructure scaling for early-stage companies requires a balanced approach that prioritizes:

1. Cost Efficiency: Through intelligent autoscaling, spot instance usage, and resource optimization
2. Security: By implementing NIST and CIS framework guidelines from the beginning

3. Operational Simplicity: Using managed services and automation to reduce overhead

4. Future-Proof Architecture: Building systems that scale with business growth

Recommended Next Steps
Immediate Actions (Next 30 Days)

1. Assess Current Infrastructure: Evaluate existing systems and identify Kubernetes migration opportunities
2. Define Requirements: Establish performance, security, and cost targets
3. Choose Platform: Select primary cloud provider (EKS recommended for most use cases)

4. Plan Implementation: Create detailed project timeline and resource allocation
Medium-Term Goals (3-6 Months)

1. Implement Core Platform: Deploy production-ready Kubernetes cluster with basic autoscaling
2. Optimize Costs: Implement spot instances and advanced scaling strategies
3. Enhance Security: Achieve CIS benchmark compliance and implement monitoring

4. Train Team: Develop internal Kubernetes expertise
Long-Term Vision (6-12 Months)
1. Advanced Features: Implement service mesh, advanced networking, and multi-cluster management
2. Multi-Cloud Strategy: Evaluate and potentially implement multi-cloud deployments
3. Continuous Optimization: Establish ongoing cost and performance optimization processes

4. Scale Operations: Build processes and tooling for managing larger, more complex deployments
The Path Forward

The journey to effective Kubernetes infrastructure scaling is iterative and requires ongoing attention. However, the
benefits—reduced costs, improved reliability, and enhanced scalability—make it a worthwhile investment for early-
stage companies.

Success depends on three critical factors:

1. Strategic Planning: Understanding your specific requirements and constraints

2. Proper Implementation: Following best practices and security frameworks

13
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3. Ongoing Optimization: Continuously monitoring and improving your infrastructure

“The companies that succeed with Kubernetes are those that treat it as a strategic platform, not just a deployment
target. With proper planning and implementation, Kubernetes becomes a competitive advantage that enables rapid
scaling and innovation.” - Kyrylo Maznik, Jacobian Engineering

Getting Started

For early-stage companies ready to begin their Kubernetes journey, we recommend starting with a comprehensive
assessment of current infrastructure and requirements. Jacobian Engineering offers free initial consultations to help
companies understand their options and develop a customized implementation strategy.

The future of application infrastructure is containerized and cloud-native. By implementing Kubernetes effectively
today, early-stage companies position themselves for sustainable growth and competitive advantage in an
increasingly digital marketplace.

About Jacobian Engineering

Jacobian Engineering specializes in cloud infrastructure and DevOps solutions for early-stage companies. Our team
of experienced engineers helps startups build scalable, secure, and cost-effective infrastructure that grows with their
business. From initial architecture design to ongoing managed services, we provide the expertise and support
needed to succeed in today’s competitive landscape.

For more information about our Kubernetes services and how we can help your company scale effectively, visit jac-
obianengineering.com (https://jacobianengineering.com) or contact our team directly.

This whitepaper is part of Jacobian Engineering’s ongoing commitment to sharing knowledge and best practices with
the startup community. For additional resources, whitepapers, and technical guides, visit our resource center.


https://jacobianengineering.com
https://jacobianengineering.com
https://jacobianengineering.com
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