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Introduction

Cyber resilience: From technical challenge to business imperative

Cyber resilience (the capability to restore critical business systems after a rr

major cyberattack) has evolved beyond a purely technical concern. It is now a

strategic business imperative, jointly owned by executive leadership and

executed through IT infrastructure and security teams. The glObal
Cyberattacks are increasingly designed not only to disrupt business cybersecurlty
operations but als.o to disrupt theT recovery prqcess.itself. Threat actors have market iS

shifted methods: instead of stealing data or triggering outages, they now

compromise the recovery mechanisms on which organizations depend, forecast to
including backup repositories, snapshots and disaster recovery systems. exceed US S278
The implications of this shift are significant. Many organizations discover, at T c

the worst possible time, that their backups and recovery environments are bI”IOn In 2025
encrypted, infected, or silently corrupted, rendering traditional restoration and gI'OW at

processes ineffective.

~14% CAGR

Despite these developments, organizations continue to rely on traditional

recovery metrics such as Recovery Time Objective (RTO) and Recovery Point through 2032”
Objective (RPO) to gauge readiness. However, these metrics assume that
recovery data is clean and that a trustworthy recovery environment exists, but Source

these assumptions are no longer valid in the current threat landscape.

To address this gap, this whitepaper introduces a new business-aligned resilience metric: Clean Recovery Time (CRT).
It measures not just how quickly a specific system can be restored, but how rapidly an organization can recover its
critical business services.

CRT represents the convergence of cybersecurity, data protection and business continuity. It highlights the emerging
cyber resilience gap, the growing disconnect between traditional disaster recovery preparedness and the assurance of
a clean, trustworthy recovery.

In an era when cyberattacks target the integrity of recovery systems, CRT provides a more realistic and actionable
measure of true resilience.

As the cyber-resilience market matures, organizations will demand solutions that go beyond prevention and into

recovery assurance, which aligns with your framing of the shift from technical challenge to business imperative.”

The missing link in cyber recovery

Cyber threats are evolving at unprecedented speed and sophistication. From ransomware and data wipers to supply
chain compromises, attackers are not just disrupting operations, they are also corrupting the systems. Once considered
safe, backup and recovery platforms have become prime targets.

Despite this reality, many recovery strategies still revolve around traditional metrics like RTO (Recovery Time Objective)
and RPO (Recovery Point Objective), which assume that backup data is clean, complete and trustworthy. Actually, this is
not the case, Backups may be infected, encrypted, or altered and restoring them without validation can reintroduce
threats or worsen the compromise.

This leads to extended downtime as teams enter a “trial-and-error* loop, testing multiple recovery points to locate a
clean backup. The result is a significant cyber resilience gap, where traditional backup infrastructures lack the modern
capabilities required to secure, validate and recover data on a scale. “Only around one-third of technology leaders feel
their cyber capabilities are keeping pace with Al-driven threats.”

To illustrate the difference between a mature cyber-resilient organization and one still struggling with resilience gaps,
consider the following comparison:

Most organizations affected by recent cyber incidents fall into the second category, highlighting the urgent need for
rapid transformation in how recovery is planned and executed.

To close this resilience gap, organizations must rethink recovery in terms of data trust, system integrity and clean
recovery timelines, ensuring they can bounce back swiftly and securely when a cyber catastrophe strikes.



Understanding

Clean Recovery Time (CRT) is defined as the average duration required to fully restore
critical business applications, underlying systems, infrastructure components and their
associated clean, validated data after a cyber incident.

It signifies a fundamental shift in recovery measurement, from emphasizing speed and
data recency (how fast recovery occurs and how recent the restored data is) to
emphasizing data integrity and trustworthiness, ensuring that only verified, clean data
is reintroduced into the production environment.

Achieving clean recovery through CRT

To ensure the clean restoration of critical business services, organizations must go beyond traditional disaster recovery
practices. Conventional recovery techniques often overlook several key aspects essential for a secure and validated
restoration process. These include, but are not limited to:

Conducting forensic Determining the safety Validating systems and Segregating verified clean
scans and integrity and recoverability of application behavior datasets from those that
checks on infrastructure, data before restoration within isolated or are infected, corrupted,
applications and datasets sandboxed environments  or tampered with

Importantly, Clean Recovery Time (CRT) does not replace traditional metrics such as Recovery Time Objective (RTO)
and Recovery Point Objective (RPO), rather, it complements them. Together, these three form a modern recovery
assurance that enhances both cyber resilience and business recovery effectiveness.

The CRT framework represents a mature, trust-centric approach to recovery. It operates under the assumption that a
compromise has occurred and that additional time and processes are required to validate, verify and establish data
trustworthiness before reintroduction into production.

CRT encompasses a structured set of validation and assurance activities
designed to confirm that recovery data is free from embedded threats.
These activities may include:
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Scanning backup images using Executing sandbox restoration Verifying logs, integrity metrics
multiple malware detection tests to observe system and and behavioral indicators for
engines application behavior anomalies

@) Engaging threat intelligence teams to correlate recovery data with the latest malware signatures and

1 (V adversarial Tactics, Techniques and Procedures (TTPs).

By embedding these steps within the recovery lifecycle, CRT enables organizations to achieve trustworthy, clean
recovery, closing the gap between operational continuity and true cyber resilience.



CRT implementation

Clean Recovery Time (CRT) aligns naturally with cyber resilience frameworks, including NIST, NSCS CAF Enhanced and
ISO 27001, as well as regulatory standards such as DORA, NIS2 and the forthcoming UK Cyber Resilience Act by
enhancing the response and recovery phases, particularly in the context of the NIST Cybersecurity Framework. CRT
extends these stages by introducing structured validation and verification processes to ensure that restoration is
performed from trusted, uncompromised data sources.

It is important to recognize that CRT is not an IT performance metric, but a business-level resilience concept. It
empowers business leaders to define realistic and outcome-oriented recovery objectives, specifically, the time
required to restore critical business services using verified clean data.

A holistic CRT implementation requires viewing recovery through the lens of the entire technology stack that supports
a business service, spanning infrastructure, applications, data and security controls.

Establishing CRT foundations:
Key implementation principles

Implementing Clean Recovery Time (CRT) requires organizations to rethink traditional recovery methods and introduce
purpose-built processes for clean, assured restoration. The following principles outline the technical and operational

components required to achieve trusted recovery.

Establish clean recovery environments

Modern cyberattacks demand the creation of Isolated
Recovery Environments (IREs) also known as cyber
recovery cleanrooms. These are secure computing and
storage environments that are physically or logically
segregated from production networks.

Without an IRE, forensic certification of hybrid
infrastructures can delay recovery by days or even weeks,
significantly extending CRT timelines. IREs enable
controlled recovery, validation and testing of systems
and data before they are reintroduced into production.
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Ensure adequate recovery performance

Traditional enterprise backup solutions are typically
optimized for requlatory compliance rather than
large-scale, time-sensitive recovery. Many existing
systems struggle with throughput limitations, often
requiring 10 or more hours per terabyte to restore, leading
to unacceptable delays for enterprise-class workloads.

To meet CRT objectives, organizations must invest in
high-performance recovery infrastructure, leveraging
parallel restore operations, scalable object storage and
automated workload orchestration to accelerate
recovery of mission-critical services.
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Identify and validate clean data

Attackers frequently maintain persistence within
environments for extended periods, embedding
malicious payloads into backup data long before
detection.

To counter this, organizations must deploy Indicators of
Compromise (IOC) scanners, Al-driven anomaly detection
and automated data validation engines that continuously
scan backup repositories. These tools help pinpoint safe
restoration points, eliminating the inefficiencies and risks
of manual trial-and-error recovery attempts.
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Maintain data integrity across platforms

Recovering complex, hybrid workloads introduces data
consistency challenges, particularly when systems rely on
backups captured at different timestamps.

Effective cyber recovery planning must account for
application interdependencies, recovery sequencing and
transactional integrity. Application owners and DBAs
must be included in validation cycles to ensure restored
systems function coherently across platforms, even
under crisis conditions.



Define and test acceptance criteria

_ - Organizations must clearly define their Essential Operations Framework (EOF), the essential set of
@ business services and capabilities required to maintain core operations post-incident.

Comprehensive and pre-approved acceptance testing criteria should govern restoration validation,
L1 ensuring that systems are not returned to production until they are verified as clean, functional and
threat-free. This prevents premature recovery actions that could reintroduce dormant attack elements
into the environment

The path toward enterprise-wide cyber recovery

For most organizations, implementing CRT represents a paradigm shift. While many enterprises maintain
mature disaster recovery (DR) frameworks for physical or operational disruptions, few possess a holistic cyber
recovery plan that addresses data cleanliness, trust and integrity following a cyberattack.

A cyber recovery plan aligned with CRT defines how critical business services will be restored, in what
sequence and through which validation procedures. When executed effectively, it provides a repeatable,
auditable process for recovering core business systems that sustain the organization’s EOF, bridging the gap
between cybersecurity preparedness and true operational resilience.

Strateqgic value of CRT adoption

The Clean Recovery Time (CRT) framework serves as a strategic foundation for
enhancing cyber resilience. By defining realistic recovery expectations, CRT
helps organizations balance operational recovery goals with security assurance.

Adopting CRT strengthens overall resilience maturity, not only improving
technical recovery capabilities but also bolstering stakeholder confidence, audit
preparedness and leverage in cyber insurance negotiations.

The leaders are increasingly asking questions about recovery capabilities, “Can

we trust our restored data?” and "Can we recover fast enough after an attack?”,
CRT provides a structured, data-driven framework to confidently address these

concerns, even when the insights are challenging.

For different stakeholders, CRT has distinct benefits:
= CISOs and ClOs: Gain a measurable bridge between operational performance and cyber risk.
= CFOs: Benefit from minimized reinfection risk and reduced financial impact of extended downtime.

IT and security teams: Obtain a validated framework to justify investments in backup verification, sandboxing
and forensic tooling.

Key outcomes of CRT adoption
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Greater assurance in recovery Reduced likelihood of Improved collaboration and
success and data integrity reinfection or compromised coordination between IT and
backups Security teams

Elevated readiness for audits, compliance checks and cyber insurance validation. A distinct, measurable
cyber resilience framework linking strateqy to execution.




CRT enablement strateqgy

Embedding CRT within an organization represents a transformational shift, a
move from asking “How fast can we restore?” to "How fast can we trust what we
restore?” It's not merely an IT initiative, but a cross-functional program
integrating governance, architecture, incident response and business continuity.

O
Elevate CRT to the boardroom

Integrate CRT into your core cyber resilience KPIs. The
board must understand what clean recovery entails, how
it differs from traditional disaster recovery (DR) and why
it's essential in today’s requlatory and threat landscape.

Define the Essential Operations
Framework (EOF)

Identify and document the critical business services that
must endure any cyber event. Identify dependencies,
recovery sequencing and define the essential operations
framework required. These become your CRT
performance benchmarks.recovery of mission-critical
services.

Operationalize CRT

Fund the full cyber resilience stack

Achieving CRT requires more than just backup
infrastructure. It demands sandboxing, anomaly
detection, forensic capabilities and isolated recovery
environments. Without investing in a comprehensive
cyber resilience platform, CRT targets cannot be met.

&

Establish unified recovery
governance

Break down silos between SysOps and SecOps. Recovery
processes should be jointly owned, tested and reviewed.
ClOs and CISOs must co-sponsor clean recovery
initiatives to ensure alignment across IT operations and
cybersecurity functions.

Transition of CRT from concept to execution. Develop and document clean recovery playbooks, assign
clear roles, automate IOC scanning and establish CRT targets for each business service. CRT must evolve
into a tested, measurable and repeatable process, not a theoretical goal.

By embedding CRT across these dimensions, organizations achieve a lower risk posture and enhanced
resilience maturity, strengthening not only technical recovery but also stakeholder trust, audit readiness and

cyber insurance positioning.




Defining the next era of cyber resilience

The journey toward true cyber resilience is no longer defined solely by perimeter defenses or the reliability of traditional
backups. As modern attackers exploit not only data but also the very systems and processes built to restore it, recovery
itself must evolve. CRT provides the business-aligned framework for this evolution.

lust as DevSecOps transformed collaboration between development and security, CRT can drive a similar shift across
operations, governance and resilience. It establishes a shared language that enables boards, CISOs, CIOs and business
leaders to discuss risk and recovery in tangible, outcome-based terms.

Adopting CRT shifts the conversation from assurance to confidence, from “we have backups®” to “we know how long it
will take to restore clean, trusted data.” It transforms compliance from a checklist exercise into a measurable capability
and eliminates ambiguity from one of the most critical business questions of our era: “How ready are we to recover from
a cyber disaster?”

CRT is not just another metric, it is the most precise
definition yet of what cyber resilience means in an age of
constant compromise. It enables organizations to:

Manage ransomware incidents with
confidence, not chaos

ﬁ Reconstruct environments based on
r_ErlJ verified integrity, not assumptions.

Showcase resilience to stakeholders,

((@)) requlators and insurers

B

Resume critical operations within
hours or days, not weeks

Prevent costly reinfection, extended
outages and brand damage.

Recovery is no longer merely the end of a cyber incident, it serves as the ultimate test of an organization’s resilience
strateqgy. Organizations that adopt CRT will recover more quickly, intelligently and with enhanced credibility. The choice
is clear: will your organization continue to rely on outdated recovery assumptions, or will you champion a new era of
clean, trusted recovery, one that defines resilience when it matters most?

References

Architecture of business resilience | Said Business School




Mukesh Singh Rawat

DGM & Lead - Storage & Backup CoE,
Hybrid Cloud Business Unit,

HCLTech

About the Author

Mukesh is a Cyber Resilience and Data Protection Architect with 22+ years of experience designing secure,
compliant backup, storage and disaster recovery solutions. He specializes in recovery-centric, Zero-Trust-aligned
architectures featuring immutable backups, air-gapped vaults, IREs and clean-room recovery.

He also brings deep expertise in Storage & Disaster Recovery and Business Continuity, including regulatory-aligned
DR strategies, RTO/RPO optimization, DRaaS, multi-site replication and cyber-recovery testing.

HCLTech | &

hcltech.com
HCLTech is a global technology company, home to more than 226,600 people across ol
60 countries, delivering industry-leading capabilities centered around Al, digital, E E
engineering, cloud and software, powered by a broad portfolio of technology services =
and products. We work with clients across all major verticals, providing industry
solutions for Financial Services, Manufacturing, Life Sciences and Healthcare, High
Tech, Semiconductor, Telecom and Media, Retail and CPG, Mobility and Public
Services. Consolidated revenues as of 12 months ending December 2025 totaled
S14.5 billion. To learn how we can supercharge progress for you, visit hcltech.com.




