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Abstract: Server virtualization has fundamentally reshaped how enterprises design, operate, and scale their computing infrastructure. 

By abstracting physical hardware into multiple isolated virtual machines through a software layer called a hypervisor, organizations can 

consolidate server workloads, reduce capital expenditure, improve resource utilization, and accelerate business continuity capabilities. 

The global server virtualization market was valued at USD 9.15 billion in 2024 and is projected to reach USD 17.25 billion by 2033, 

growing at a CAGR of 7.5%. This review paper examines the core virtualization technologies, hypervisor types, implementation benefits, 

key challenges, and the expanding application of server virtualization in industrial and edge environments. It further proposes a concise 

Server Virtualization Readiness Checklist (SVRC) to assist organizations in evaluating their virtualization readiness across five 

dimensions: infrastructure compatibility, workload suitability, security posture, operational capability, and business continuity 

requirements. 
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1. Introduction 
 

In the early 2000s, most enterprise servers operated at average 

CPU utilisation rates of 5 to 15 percent, meaning that the 

majority of their compute capacity sat idle while 

organisations paid for hardware acquisition, power, cooling, 

and floor space at full cost [1]. Server virtualization- the 

ability to run multiple independent virtual machines on a 

single physical host- offered a direct solution: consolidate 

workloads, drive utilisation above 60 percent, and 

dramatically reduce the number of physical servers required 

to support equivalent business functions. 

 

The idea was not new. IBM had implemented virtual machine 

partitioning on its mainframe systems since the 1960s. What 

changed in the early 2000s was the extension of hardware-

assisted virtualization to commodity x86 servers, driven by 

VMware's ESX Server and later by Intel VT-x and AMD-V 

processor extensions that made hypervisor-based isolation 

practical without prohibitive performance overhead [2]. The 

result was one of the most rapid technology adoption cycles 

in enterprise IT history: by 2025, more than 78 percent of 

enterprise data centers globally had deployed hypervisor-

based virtualization, and over 65 percent of x86 server 

workloads ran in virtualized environments [3]. 

 

2. Core Virtualization Technologies 
 

2.1 The hypervisor 

 

The hypervisor- also called a Virtual Machine Monitor 

(VMM)- is the software layer that abstracts physical hardware 

and allocates it to virtual machines. Two architectural types 

exist. Type 1 hypervisors (bare-metal) run directly on 

physical hardware, with no underlying host operating system. 

VMware ESXi, Microsoft Hyper-V, and Xen are the primary 

commercial and open-source examples. Type 1 hypervisors 

offer superior performance and isolation and are the standard 

choice for enterprise data center deployments. Type 2 

hypervisors (hosted) run on top of an existing operating 

system, treating the host OS as an intermediary. Oracle 

VirtualBox and VMware Workstation are typical examples, 

suited for development, testing, and desktop virtualization 

rather than production server workloads [4]. 

 

The open-source Kernel-based Virtual Machine (KVM), 

integrated into the Linux kernel since 2007, occupies a hybrid 

position: technically Type 1 as it runs as a kernel module that 

turns Linux into a hypervisor, but deployed on Linux host 

systems. KVM underpins major cloud infrastructure- 

Amazon AWS EC2, Google Cloud Compute Engine- and its 

enterprise subscriptions through Red Hat OpenShift 

Virtualization grew substantially following Broadcom's 2024 

acquisition of VMware, which triggered a 300% subscription 

price increase that drove large-scale enterprise migration to 

alternatives [5]. 

 

2.2 Key virtualization types 

 

Full virtualization presents each virtual machine with a 

complete emulation of physical hardware, allowing 

unmodified guest operating systems to run without awareness 

that they are virtualized. Para-virtualization, associated with 

the Xen architecture, requires guest OS modification to 

communicate directly with the hypervisor through hypercall 

interfaces, achieving better performance at the cost of guest 

OS compatibility. OS-level virtualization (containerization), 

implemented through Docker and Kubernetes, shares the host 

OS kernel across isolated containers rather than running 

separate OS instances per workload- delivering higher density 

and faster startup at the cost of stronger isolation boundaries 

[6]. 
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3. Benefits of Server Virtualization 
 

The primary benefit is hardware consolidation and cost 

reduction. Running multiple workloads on a single physical 

server reduces capital expenditure on server hardware, data 

center floor space, power consumption, and cooling 

infrastructure. IBM research documents that server 

consolidation through virtualization pushes utilisation above 

60 percent, lengthens hardware refresh cycles, and enables 

organizations to retire under-utilised racks without 

jeopardising throughput [7]. For large enterprises, this 

translates to reductions in physical server count of 10:1 or 

higher. 

 

Business continuity and disaster recovery are transformed by 

virtualization. Virtual machine snapshots capture the 

complete state of a running system- memory, CPU state, 

storage- at a point in time, enabling rapid rollback from failed 

patches or configuration changes in minutes rather than hours. 

Live migration, implemented as vMotion in VMware and 

Live Migration in Hyper-V, moves running virtual machines 

between physical hosts without downtime, enabling hardware 

maintenance without service interruption. High-availability 

clustering automatically restarts failed virtual machines on 

surviving hosts within minutes of hardware failure [4]. 

 

Development and test environment provisioning, which 

previously required weeks of hardware procurement and 

configuration, is reduced to minutes through VM cloning and 

templating. Security isolation between workloads is improved 

through hypervisor-enforced boundaries that prevent cross-

VM interference even when workloads share physical 

hardware. Network and storage virtualization, extending the 

same abstraction principles to infrastructure beyond compute, 

enables software-defined data centers in which the entire 

infrastructure is programmable and policy-driven [6]. 

 

4. Key Challenges 
 

Despite its benefits, server virtualization introduces 

challenges that organisations must address deliberately. VM 

sprawl- the uncontrolled proliferation of virtual machines that 

are easy to create but difficult to track and decommission- is 

among the most common operational problems. Without 

governance processes, organizations accumulate dormant 

VMs consuming storage and memory, degrading overall 

performance. Security vulnerabilities in hypervisors represent 

a high-impact risk: a hypervisor compromise provides an 

attacker with potential access to all virtual machines running 

on the physical host, making hypervisor patch management 

and configuration hardening critical disciplines [8]. 

 

Licensing cost complexity has intensified following 

Broadcom's 2024 acquisition of VMware. The transition from 

perpetual to subscription-only licensing drove Nutanix to 

report that 40 percent of its fiscal 2025 bookings involved 

VMware displacement, and Proxmox enterprise subscriptions 

climbed 60 percent in 2024 as organizations pursued open-

source alternatives [5]. Performance overhead, while 

significantly reduced by hardware-assisted virtualization, 

remains a consideration for latency-sensitive workloads- real-

time process control, high-frequency trading, and low-latency 

communications- where the hypervisor interrupt layer can 

introduce microseconds of additional latency that matter in 

time-critical applications. 
 

Table 1: Major Hypervisor Platforms Comparison 

Hypervisor Type Vendor License 
Primary Use 

Case 

VMware 

ESXi 
Type 1 Broadcom Subscription 

Enterprise 

data center 

Microsoft 

Hyper-V 
Type 1 Microsoft 

Incl. 

Windows 

Windows-

centric 

enterprise 

KVM / Red 

Hat 
Type 1 

Red Hat / 

Open 
Open source 

Cloud & 

Linux 

workloads 

Proxmox VE Type 1 
Proxmox 

GmbH 
Open source 

SME / 

VMware 

migration 

Xen / Citrix Type 1 
Open 

source 
Open source 

AWS EC2, 

cloud infra. 

VirtualBox Type 2 Oracle Free 
Dev / test 

environments 

 

5. Industrial and Edge Applications 
 

Server virtualization is increasingly deployed beyond the 

enterprise data center into industrial and operational 

technology environments. Germany's Industrie 4.0 initiative 

has driven demand for virtualized systems on plant floors and 

edge sites to support smart factory operations and real-time 

data analytics [9]. Microsoft and Siemens announced a 

partnership in February 2025 to integrate Azure Stack HCI's 

lightweight hypervisor with Siemens' industrial edge 

platform, directly targeting IT/OT convergence use cases. 

 

The most significant recent deployment is Volkswagen's Audi 

vPLC installation- virtual Programmable Logic Controllers 

running as software instances on virtualized industrial servers 

- in an axle assembly facility in Neckarsulm, Germany, 

operational since January 2024 [10]. This deployment 

demonstrates that virtualization in industrial environments 

has crossed from pilot to production, enabling hardware 

consolidation, faster application updates, and live migration 

of control workloads without process interruption. 

 

At the automotive edge, hardware-assisted virtualization 

enables real-time operating systems and infotainment Linux 

guests to coexist on a single in-vehicle compute module, with 

hypervisor guarantees ensuring sub-10-millisecond interrupt 

response for safety functions meeting ISO 26262 

requirements [5]. Edge deployments filter sensor traffic 

locally, with manufacturers reporting WAN egress cost 

reductions of up to 50 percent through local virtualized 

processing [7]. 

 

6. Server Virtualization Readiness Checklist 

(SVRC) 
 

The Server Virtualization Readiness Checklist (SVRC) is 

proposed as a concise five-dimension assessment tool for 

organizations evaluating virtualization deployment.  

 

Dimension 1- Infrastructure Compatibility: assess whether 

existing server hardware supports Intel VT-x or AMD-V 
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extensions; identify storage architecture (SAN, NAS, or 

local) and confirm compatibility with target hypervisor.  

 

Dimension 2- Workload Suitability: categorize workloads by 

latency tolerance; identify real-time or near-real-time 

workloads that require bare-metal deployment or hardware 

pass-through; quantify consolidation ratio targets.  

 

Dimension 3- Security Posture: confirm hypervisor patch 

management process; define VM isolation policies; assess 

compliance requirements (PCI-DSS, HIPAA, IEC 62443 for 

OT).  

 

Dimension 4- Operational Capability: evaluate team 

competency in hypervisor administration, VM lifecycle 

management, and backup/recovery procedures; identify 

training gaps.  

 

Dimension 5- Business Continuity: define RTO and RPO 

requirements per workload; confirm HA clustering and live 

migration capability; test failover procedures before 

production deployment [8]. 

 

7. Conclusion 
 

Server virtualization is one of the most consequential 

infrastructure technologies of the past two decades, 

transforming how enterprises provision, operate, and recover 

computing infrastructure. The global server virtualization 

market, valued at USD 9.15 billion in 2024 and projected to 

reach USD 17.25 billion by 2033, reflects continued strong 

demand driven by cloud adoption, data center consolidation, 

and the extension of virtualization principles to industrial and 

edge environments. The competitive landscape is in 

transition: Broadcom's VMware licensing changes have 

accelerated adoption of open-source alternatives including 

KVM and Proxmox, while containerization platforms 

increasingly complement rather than replace traditional VM-

based virtualization for appropriate workloads. The SVRC 

framework provides a practical starting point for 

organizations assessing virtualization readiness across the 

five dimensions that most consistently determine deployment 

success. 
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