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1. Executive Summary

In the current cybersecurity landscape, practitioners must choose between convenient, 
subscription-based training or building private, high-fidelity infrastructure. This report 
recommends the latter, using a custom-built Proxmox Cyber Lab as a primary case 
study. While private labs require a higher initial investment in hardware and technical 
troubleshooting, they provide unparalleled capabilities in malware analysis, network 
segmentation, and endpoint detection that third-party platforms cannot match. This 
report outlines why private labs are a superior long-term investment for technical growth 
and organizational security validation.
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2. Introduction: The Case for Private Cyber Lab 
Infrastructure

Modern cybersecurity is defined by complexity, scale, and unpredictability. 
Organizations no longer enjoy the simplicity and ease of defending static networks, but 
rather are tasked with securing constantly changing networks, made up of numerous 
networking devices, endpoints, clients with different operating systems, roaming clients, 
mobile devices, and more. As a result, the skills required of cybersecurity professionals 
have shifted dramatically. It is no longer enough to understand security concepts at a 
theoretical level—practitioners must be able to design, deploy, and defend real systems 
under imperfect and often chaotic conditions.

Despite this shift, much of today’s cybersecurity education and training remains 
abstracted from reality. Many aspiring professionals rely heavily on structured, cloud-
based learning platforms that emphasize guided exercises and controlled scenarios. 
These platforms are highly effective for introducing foundational concepts such as 
exploitation techniques, scripting, and vulnerability identification. However, they often 
fail to expose learners to the underlying infrastructure that makes these systems 
function. Critical components (such as hypervisors, network segmentation, storage 
management, and system interoperability) are typically hidden behind user-friendly 
interfaces. This abstraction creates a disconnect between theoretical knowledge and 
practical capability.

This gap is increasingly recognized within the cybersecurity field. Industry guidance, 
including frameworks developed by the National Institute of Standards and Technology 
(NIST), emphasizes the importance of hands-on, experiential learning in developing true 
technical proficiency (Hansche et al., 2024). Professionals must not only understand 
how attacks work, but also how systems are built, how they fail, and how defensive 
controls behave under real-world conditions. Without this deeper level of engagement, 
practitioners may struggle to transition from controlled training environments to 
operational roles where ambiguity, misconfiguration, and hardware limitations are the 
norm rather than the exception.

Private cyber lab infrastructure addresses this gap by restoring visibility, control and 
responsibility over the entire technology stack. A cyber lab is a self-contained 
environment, typically built using virtualization technologies, that allows users to 
simulate networks, deploy systems, and conduct both offensive and defensive security 
operations. Unlike third-party platforms, private labs require the user to configure and 
manage every layer of the environment—from physical hardware and networking to 
operating systems and security tools. This process transforms the learning experience 
from passive consumption into active system engineering.
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One of the most significant advantages of private infrastructure is the ability to interact 
directly with the underlying components that drive modern computing environments. For 
example, virtualization platforms such as Proxmox Virtual Environment (VE) enable 
users to create and manage multiple virtual machines on a single physical host. This 
allows for the simulation of complex network architectures, including segmented 
environments, isolated testing zones, and production-like systems. In building and 
maintaining such an environment, users gain practical experience with resource 
allocation, system performance tuning, and fault isolation, skills that are essential in 
real-world cybersecurity roles.

In addition to infrastructure control, private cyber labs provide a level of experimental 
freedom that is difficult to achieve in shared or cloud-based environments. Users can 
safely deploy vulnerable systems, execute malware samples, and test detection 
mechanisms without the risk of impacting external systems or violating platform 
restrictions. This capability is particularly valuable for advanced security research, 
including malware analysis, intrusion detection tuning, and threat-actor simulation. By 
working within an isolated and fully controlled environment, practitioners can observe 
the full lifecycle of an attack, from initial compromise to persistence and lateral 
movement, while simultaneously evaluating defensive responses.

Another key benefit of private lab infrastructure is its alignment with long-term learning 
and cost efficiency. While third-party platforms typically operate on subscription models, 
a privately built lab represents a one-time investment in hardware that can be reused 
and expanded over time. Many effective lab environments can be constructed using 
repurposed or legacy hardware, making them accessible to students and early-career 
professionals. Once established, the lab can be continuously modified to support new 
tools, operating systems, and experimental scenarios, providing a flexible and 
sustainable learning platform.

However, the value of private cyber labs extends beyond individual skill development. 
Organizations can also leverage lab environments to test security controls, validate 
configurations, and train personnel in realistic scenarios. By replicating aspects of their 
production infrastructure within a controlled environment, organizations can identify 
weaknesses, evaluate defensive strategies, and improve incident response capabilities 
without exposing critical systems to risk. In this way, cyber labs function not only as 
educational tools but also as strategic assets for security validation and resilience 
testing.

This report examines the strategic value of private cyber lab infrastructure through both 
theoretical analysis and practical implementation. Using a custom-built Proxmox-based 
cyber lab as a case study, the report evaluates the capabilities, benefits, and challenges 
associated with building and maintaining such an environment. It explores how private 
labs enable advanced defensive and offensive operations, support real-world skill 
development, and provide a cost-effective alternative to subscription-based training 
platforms.
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In addition, the report addresses the practical realities of implementing a cyber lab, 
including hardware limitations, networking constraints, and the inherent unpredictability 
of physical systems. These challenges, while often viewed as obstacles, are in fact 
critical components of the learning process. By navigating these issues, practitioners 
develop a deeper understanding of system behavior and gain the problem-solving skills 
necessary to operate effectively in real-world environments.

Ultimately, this report argues that private cyber lab infrastructure represents a high-
value investment for both individuals and organizations. By bridging the gap between 
theoretical knowledge and practical application, cyber labs empower users to move 
beyond scripted exercises and engage directly with the complexities of modern 
cybersecurity.

3. Core Capabilities of a Modern Cyber Lab

A private lab is not just a place to practice; it is a 
laboratory for proving security theories and 
validating defensive postures against a live 
adversary. These capabilities are accomplished 
through hosting various virtual machines 
networked together.

Virtual machines list (Wilson, 2026)

3.1 Defensive Validation (Blue Teaming)

Using tools like Wazuh SIEM, a private lab 
becomes a flight simulator for defensive analysts. 
In the Proxmox environment, agents are deployed 
on Windows and Ubuntu targets to monitor for registry changes, process hijacking, and 
unauthorized persistence. This allows for the development of automated response 
scripts, a feature rarely available in read-only training environments.

3.2 Offensive Research (Red Teaming)

The lab allows for the deployment of Metasploitable targets alongside hardened 
production clones. This permits the researcher to see the difference between a textbook 
exploit and one that is blocked by modern EDR configurations.

4. Implementation Overview: The Proxmox Model

The implementation utilized Proxmox VE for its enterprise-grade Type-1 hypervisor 
capabilities at zero licensing cost.
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4.1 Hardware Selection & 
Hypervisor Logic

The build utilized an Intel i7-
4790S with 16GB RAM, 
demonstrating that legacy 
hardware can be repurposed into 
a high-functioning security node.

4.2 Network Topology & 
Isolation

Isolation is the most critical 
technical requirement. The 
topology utilizes a managed 
switch to connect the compute 
host and NAS, with internal 
virtual bridges enforcing strict 
boundaries between the General 
Lab Zone and the air-gapped Malware Sandbox. Miscellaneous networking devices 
may be used to customize the setup for specific network needs.

4.3 TrueNAS Storage
Like Proxmox VE, TrueNAS provides network attached storage software at zero 

licensing cost. This solution allows for centralized management of all storage for the cyber lab. 
The operating system provides a graphical user interface (GUI) which allows for user-friendly 
configurations and setup.
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TrueNAS Storage Dashboard

5. Feasibility Challenges: The 'Mess of Reality'
The primary hurdle for private labs is the unpredictable chaos of hardware and physical 
constraints. Even with extensive planning, there are always unexpected hurdles that 
may arise. Being able to handle these surprises is key to creating a successful cyberlab. 
This section aims to outline some of the challenges that arose in the process of 
designing and building my own lab.

5.1 Physical Layer & Networking Constraints
During the build, I encountered the 802.1Q Header Stripping problem. I intended to use 
VLANs for segmentation, but my WiFi extender was VLAN-unaware, requiring an 
adjustment to the plan. Furthermore, I faced significant packet loss due to a faulty Cat 6 
crimp where two pins were punctured by a single wire. Resolving these issues through 
iterative splicing and VPN-gated access reinforced a level of Layer 1 and 2 
understanding that software simulations cannot replicate. Building your own on-
premises cyber lab teaches hands-on physical networking that you do not get in cloud-
based implementations.
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5.2 Storage Integrity & ZFS

Malware experimentation necessitates a robust snapshotting capability. Within my lab 
environment, a NAS utilizing a ZFS-backed mirrored pool is integrated to facilitate near-
instantaneous Disaster Recovery. Should a malware sample breach the virtual machine 
boundaries, ZFS enables a researcher to immediately revert the system to a known-
clean state. Additionally, this configuration supports shared network storage, enhancing 
the overall operational efficiency of the NAS in networks with low resources available.

6. Final Recommendation

For any individual or organization serious about cybersecurity proficiency, the 
investment in a private, Proxmox-based cyber lab is highly recommended. While the 
initial setup requires overcoming physical layer defects and complex networking 
hurdles, the resulting environment provides a level of fidelity, security, and long-term 
cost savings that third-party platforms cannot match.
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