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Below is a comprehensive bibliography of sources that support key claims about data center facility
reliability and operational compliance. Each entry includes a claim summary, source details, and context on
why it matters:

claim_id, topic,claim_summary,source_title,publisher/
body,year ,URL,why_it_matters,quoted_terms?,region_scope,notes,reliability_tag
"1","Uptime Institute Tier Standards","Tier I data centers have basic
infrastructure (UPS, generator, dedicated cooling), but no redundancy; any
component maintenance or unexpected failure can require a full shutdown ' 2 ", "Tier
Classification System","Uptime Institute","2025","https://uptimeinstitute.com/
tiers","Defines baseline availability; Tier I offers limited reliability,
suitable only for non-critical needs.","N","Global","Tier I is the entry-level
data center tier with no redundant capacity.","primary standard"
"2","Uptime Institute Tier Standards","Tier II adds redundant capacity
components (N+1 for power and cooling) to reduce downtime, but still lacks
redundant distribution paths, so the site must shut down for some maintenance 3
4 ,","Tier Classification System","Uptime Institute","2025","https://
uptimeinstitute.com/tiers","Moderate redundancy improves reliability over Tier
I, but planned downtime is still needed for certain work.","N","Global","Tier II
provides some redundancy but not full concurrent maintainability.","primary
standard"
"3","Uptime Institute Tier Standards","Tier III data centers are concurrently
maintainable: they have redundant components and dual distribution paths so that
no shutdown is required for planned maintenance 5 . Any single part can be taken
offline without impacting IT operations ¢ .","Tier Classification
System","Uptime Institute","2025","https://uptimeinstitute.com/tiers","Enables
high availability by avoiding maintenance downtime; common choice for
enterprises requiring 24/7 operations.","N","Global","Tier III introduced
concurrent maintainability (N+1 on all systems and multiple distribution
paths).","primary standard"
"4" ,"Uptime Institute Tier Standards","Tier IV data centers are fault tolerant:
all critical systems have 2N+1 redundancy and physically isolated paths. They
can sustain any single unplanned failure without impact on operations 7 , and
require continuous cooling to maintain stability & .","Tier Classification
System","Uptime Institute","2025","https://uptimeinstitute.com/tiers", "Maximizes
uptime for mission-critical services (=99.995% availability) at higher cost;
often required in industries that cannot tolerate downtime.","N","Global",6"Tier
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IV provides the highest level of resilience (fault tolerance to any single
failure).","primary standard"
"5","Reliability Metrics",6"Mean Time Between Failures (MTBF) measures the
average operating time before a system fails, indicating reliability, while Mean
Time To Repair (MTTR) is the average time to restore service after a failure °
10, Higher MTBF and lower MTTR lead to greater overall availability.","What is
mean time between failure (MTBF)?","IBM","2023","https://www.ibm.com/think/
topics/mtbf","These metrics quantify reliability and guide improvements;
maximizing MTBF and minimizing MTTR helps meet uptime
targets.","N","Global","MTBF and MTTR are fundamental metrics for maintenance
planning and uptime modeling.",6 "other"
"6","Commissioning & Testing","Integrated Systems Testing (IST) is the final
phase of data center commissioning that validates all critical systems (power,
cooling, fire, security) working together. It simulates power outages, equipment
failures, and heavy load to ensure generators, UPS, cooling units, and fire
suppression all perform as designed without downtime ' 12 ." "What is Integrated
Systems Testing in a Data Centre Environment?","Crestchic
(Loadbanks.com)","2024","https://loadbanks.com/what-is-integrated-systems-
testing-in-a-data-centre-environment/","IST catches integration issues before
go-live, reducing early operational failures and helping the site meet its
uptime SLA from day one.","N","Global","Comprehensive commissioning (Level 5
IST) proves the facility will operate reliably under real-world
conditions.","other"
"7","Maintenance Standards (Power)","Critical backup generators are tested on a
fixed schedule per standards like NFPA 110. For example, NFPA 110 mandates
monthly generator load tests of 230 minutes at 230% capacity and a full 4-hour
run at least once every 36 months '3 14, Regular preventive maintenance and
testing of generators and UPS ensure they will run when utility power
fails.","Understanding NFPA 110 Generator Testing Requirements","MGI (Danny
Chisholm, NFPA 110 committee)","2025","https://www.mgiepss.com/blog/
understanding-nfpa-110-generator-testing-requirements", "Proves the reliability
of emergency power systems; testing under load prevents surprises (wet stacking,
start failures) and is often required for compliance (e.g. healthcare, Tier
certifications).","N","US","NFPA 110 sets best practices for generator upkeep in
mission-critical facilities.","gov body"
"8","Incident Preparedness","Data center operators should implement
comprehensive outage preparedness plans. This includes risk assessments to
identify threats, built-in redundancy (backup generators, UPS, redundant
cooling) to mitigate single points of failure, real-time infrastructure
monitoring for early issue detection, defined incident response protocols
(roles, communication, escalation), and regular drills or simulations 15 16 |
Together these measures minimize downtime and ensure rapid recovery from
disruptions.","What You Need To Know About Data Center Outage
Preparedness", "DataBank",b "2024","https://www.databank.com/resources/blogs/what-
you-need-to-know-about-data-center-outage-preparedness/","Thorough preparation
and practiced procedures help avoid unplanned outages and reduce impact when
incidents happen, protecting business continuity and customer
trust.","N","Global","Outage preparedness (redundancy, plans, drills) is crucial


https://www.ibm.com/think/topics/mtbf#:~:text=Mean%20time%20between%20failure%20,will%20operate%20before%20it%20fails
https://www.ibm.com/think/topics/mtbf#:~:text=The%20inverse%20of%20MTBF%20is,reflects%20the%20rate%20of%20failure
https://loadbanks.com/what-is-integrated-systems-testing-in-a-data-centre-environment/#:~:text=Why%20are%20Integrated%20Systems%20Tests,important
https://loadbanks.com/what-is-integrated-systems-testing-in-a-data-centre-environment/#:~:text=,to%20validate%20that%20emergency%20protocols
https://www.mgiepss.com/blog/understanding-nfpa-110-generator-testing-requirements#:~:text=Monthly%20Testing
https://www.mgiepss.com/blog/understanding-nfpa-110-generator-testing-requirements#:~:text=Triennial%20%2836
https://www.databank.com/resources/blogs/what-you-need-to-know-about-data-center-outage-preparedness/#:~:text=Establishing%20redundancy
https://www.databank.com/resources/blogs/what-you-need-to-know-about-data-center-outage-preparedness/#:~:text=Creating%20response%20protocols

for mission-critical facilities to meet their uptime commitments.", "operator
whitepaper"

"9" "Service Level Agreements (SLAs)","Uptime SLAs are often tied to data center
Tier levels 7 18 , For instance, a Tier III facility typically guarantees
~99.982% annual uptime (~1.6 hours downtime) and Tier IV ~99.995% (~26 minutes
downtime). SLAs define the uptime percentage, measurement period (e.g. monthly
or yearly), exclusions (e.g. scheduled maintenance, force majeure), and remedies
(service credits or penalties) if uptime falls below the guarantee '7 18 " "Ensuring
Data Center Reliability: Exploring Uptime Guarantee","DataBank",b"2024","https://
www.databank.com/resources/blogs/ensuring-data-center-reliability-exploring-
uptime-guarantee/","Sets customer expectations and accountability; higher-tier
facilities support stricter SLAs, and financial credits for violations

incentivize providers to maintain reliability.","N","Global",6"SLAs formalize
reliability commitments (often 99.9%+ uptime) and are directly influenced by the
facility's tier/design.","operator whitepaper"

"10","ISO/IEC 27001 & 27002","ISO/IEC 27001 includes physical and environmental
security controls to safeguard data center facilities. Organizations must
enforce secure perimeters and controlled entry (e.g. badge or biometric access),
monitor facilities via CCTV and alarms, and protect supporting utilities (power,
HVAC, fire suppression) to prevent unauthorized access or outages '@ 20 ", "ISO
27001:2022 Annex A 7.4 - Physical Security Monitoring","ISMS.online (Mike
Jennings)","2025","https://www.isms.online/is0-27001/annex-a-2022/7-4-physical-
security-monitoring-2022/","This international standard ensures data centers
implement fundamental physical safeguards as part of their Information Security
Management System, often forming the baseline for compliance with other
frameworks.","N","Global","ISO 27001 (Annex A.11) sets best practices for
securing the facility environment under an ISMS.","primary standard"

"11","SOC 2 Trust Services Criteria","SOC 2's Trust Services Criteria include
controls for physical security of data centers as part of the Security and
Availability principles. For example, Common Criteria 6.7 (CC6.7) requires
documented logical *and* physical access controls (badge entry, biometric locks,
facility monitoring) with evidence to verify their effectiveness 21 . A SOC 2
report will assess how a provider restricts and monitors access to its data
center.","SOC 2 Controls - Logical and Physical Access Controls CC6.7
Explained","ISMS.online","2023","https://www.isms.online/soc-2/controls/logical-
and-physical-access-controls-cc6-7-explained/","SOC 2 is widely requested by
customers; its criteria ensure a data center (or cloud provider) has effective
physical safeguards in place, providing assurance of security controls
overlapping with ISO/NIST requirements.","N","US","SOC 2 (AICPA Trust Services)
requires physical access to systems be tightly controlled and audited.","primary
standard"

"12","NIST SP 800-53 & FedRAMP","NIST SP 800-53 Rev.5 provides a comprehensive
set of Physical and Environmental (PE) controls to protect data center
infrastructure. These include restricting facility access (PE-2, PE-3),
monitoring entry/exit (PE-6), emergency power and lighting (PE-11, PE-12), fire
detection/suppression (PE-13), temperature and humidity control (PE-14), water
leak prevention (PE-15), delivery removal controls (PE-16), etc 22 23, U.S.
government cloud standards (FedRAMP) require cloud/data center providers to
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implement these, many of which customers inherit.","NIST 800-53 Rev. 5 Security
Controls Crosswalk","State of North Carolina IT","2022","https://it.nc.gov/
documents/statewide-policies/nist-800-53-security-controls-crosswalk","As a U.S.
government standard (and the basis for FedRAMP), NIST 800-53 ensures data
centers meet rigorous physical security and resilience controls, aligning with
ISO 27001 and SOC criteria and enabling reciprocity across compliance
regimes.","N","US","NIST's Physical/Environmental controls (PE family) define
best practices that many industry frameworks (and FedRAMP) adopt to harden
facility security and availability.","gov body"

"13","Healthcare Data (HIPAA/HITRUST)","HIPAA's Security Rule includes Physical
Safeguards that mandate limiting physical access to systems housing electronic
Protected Health Information (ePHI). Covered entities must implement Facility
Access Controls - e.g. secured server rooms, badge or biometric entry systems,
24/7 monitoring, and visitor sign-in procedures 24 25, HITRUST CSF incorporates
these requirements to ensure healthcare data centers protect patient data from
physical threats.","Getting HIPAA certified - Physical Safeguards","Kisi (Access
Control Guide)","2023","https://www.getkisi.com/guides/hipaa-
compliance","Regulated health data requires strict physical security; compliance
frameworks like HITRUST map to HIPAA safeguards to prevent breaches of sensitive
medical information and avoid hefty penalties.","N","US","HIPAA law compels any
data center hosting healthcare data to have strong facility security controls
(often verified via HITRUST or HIPAA audits).","primary standard"

"14" ,"Payment Card Industry (PCI DSS)","PCI DSS v4.0 imposes strict physical
security and network segmentation for any environment storing cardholder data.
Requirement 9 mandates controls to “[r]estrict physical access to cardholder
data” — for example, defining processes for badge/PIN access to data center
areas, continuous CCTV monitoring of the Cardholder Data Environment (CDE),
escorted visitor access with logs, multi-factor authentication for sensitive
areas, and prompt revocation of access for terminated personnel 26 27 . Proper
network segmentation is also required to isolate the CDE from other
systems.","What Are PCI Compliance Data Center Requirements?","RSI
Security","2023","https://blog.rsisecurity.com/what-are-pci-compliance-data-
center-requirements/","Ensures facilities handling credit card data minimize the
risk of physical breaches or tampering which could lead to massive fraud and
fines. PCI compliance is often a commercial requirement for data center

providers serving financial clients.","N","Global","PCI DSS (Req. 9) requires
robust physical access controls and monitoring to protect payment systems,
influencing how data centers secure areas containing card data.","primary
standard"

"15","Electrical & Backup Power Standards","Data centers adhere to NFPA and
other electrical standards to ensure safe, reliable power. NFPA 70 (National
Electrical Code) mandates proper design and grounding to prevent electrical
failures and fires, and NFPA 70E provides safety procedures for maintaining live
equipment. NFPA 110 specifically requires robust emergency power systems (e.g.
generators with fuel supply) and periodic testing under load to guarantee backup
power availability '3 .","Understanding NFPA 110 Generator Testing
Requirements","MGI (Danny Chisholm)",6"2025","https://www.mgiepss.com/blog/
understanding-nfpa-110-generator-testing-requirements","Following electrical
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codes and standards reduces the risk of outages or accidents caused by power
system faults. These standards ensure the facility's power infrastructure is
resilient (e.g., generators will start and carry load when needed), directly
impacting uptime and safety.","N","US","Compliance with NFPA 70/70E (for design
and electrical work) and NFPA 110 (for backup power) is essential to avoid
power-related downtime and hazards.",6 "gov body"
"16","Environmental Guidelines (ASHRAE)","ASHRAE's data center thermal
guidelines recommend maintaining server inlet air within a safe temperature-
humidity envelope (approximately 18-27°C or 64-81°F and appropriate humidity)
for optimal uptime and hardware longevity 28 . Operating within these ranges
helps prevent equipment failures or reduced lifespan caused by temperature
extremes or excessive humidity, while allowing some energy-saving
flexibility.","Data Center Temperature Guidelines and Best Practices","AKCP
(Monitoring Solutions)","2023","https://www.akcp.com/blog/data-center-
temperature-guidelines-and-best-practices/","Maintaining environmental
conditions per ASHRAE guidelines minimizes hardware failures (e.g., due to
overheating or static from low humidity) and thus supports reliability. It also
balances reliability with energy efficiency in cooling
operations.","N","Global",6"ASHRAE TC9.9 Thermal Guidelines are widely used to
ensure environmental conditions don’t compromise hardware reliability.","primary
standard"
"17","Fire Detection & Suppression","Modern data centers use very early smoke
detection and clean-agent fire suppression to quickly catch and neutralize fires
without collateral damage. VESDA (Very Early Smoke Detection Apparatus) systems
continuously sample air for microscopic smoke particles and can trigger alarms
at the incipient stage of a fire 29 . Paired clean-agent suppression (e.g. FM-200
or NOVEC 1230 gas) can be automatically released to extinguish a nascent fire
long before sprinklers activate, protecting equipment from fire and water damage
30 " ,"VESDA (Very Early Smoke Detection): Active Protection for Mission-
Critical Assets","Suppression Systems Inc.","2023","https://
www . suppressionsystems.com/vesda/","Early detection and non-destructive fire
suppression are critical to prevent a minor electrical spark from becoming a
major outage. VESDA and clean agents help avoid catastrophic fire incidents and

minimize downtime by preserving equipment.","N","Global","Fire is a top threat
to data centers; advanced detection (aspirating sensors) and suppression (clean
agents) significantly reduce fire risk and associated downtime.","other"

"18","Physical Security Measures",6 "Enterprise-class data centers employ layered
physical security controls. For example, Equinix facilities require each visitor
to pass through up to five security checkpoints including 24/7 manned security
stations, mantrap entry vestibules, biometric and badge readers, and a robust
CCTV surveillance system 3! . All access is logged and audited. These measures
deter intrusions and detect any unauthorized access attempts."”,"Trust & Security
- Equinix Security Center","Equinix",6"2025","https://www.equinix.com/about/
trust-security","Multi-layer physical security greatly reduces the risk of
unauthorized access to critical infrastructure. This protects against insider
threats and trespassers, complementing cyber security controls by defending the
physical equipment.","N","Global","Leading colocation providers use extensive
physical security (guards, mantraps, biometrics, cameras) to protect customer
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equipment and data.","operator whitepaper"

"19","Shared Responsibility Model","Colocation and cloud services use a shared
responsibility model for security: the provider secures the data center facility
(physical building, power, cooling, and general access control), while the
customer is responsible for protecting their own IT equipment, data, and user
access to their assets 32 . Clear demarcation ensures no critical areas are left
unaddressed and clients understand which controls they must implement vs. what
the provider covers.","Public Sector Data Center Solutions - Shared
Responsibility","Digital Realty","2025","https://waww.digitalrealty.com/
expertise/solutions/public-sector","Clarifying the split between provider and
tenant responsibilities prevents security gaps. It allows customers to leverage
the provider’s certified facility controls (e.g., ISO 27001, SOC 2 audits) while
focusing on their internal controls. This alignment is key for compliance in

cloud/colo scenarios.","N","Global","Shared responsibility (facility vs. tenant
controls) is fundamental in multi-tenant data centers and cloud, affecting
contract terms and compliance scope.","operator whitepaper"

"20","Compliance Audit Evidence",6"Data center operators maintain extensive
documentation to prove reliability and compliance during audits. Typical audit
artifacts include up-to-date one-line electrical diagrams of power distribution,
preventative maintenance schedules and logs (e.g., generator test records, UPS
battery checks), environmental monitoring logs, physical access logs and CCTV
records, incident reports and root-cause analyses for any outages, network
diagrams showing segmentation, penetration test and vulnerability scan reports,
and third-party attestation reports (such as SOC 2 or ISO 27001 certificates) 33 .
Auditors review these to verify controls are in place and effective.","What Are
PCI Compliance Data Center Requirements?","RSI Security","2023","https://
blog.rsisecurity.com/what-are-pci-compliance-data-center-
requirements/","Thorough evidence of control implementation and performance is
essential to pass audits and maintain certifications. These artifacts
demonstrate that the data center is not just designed for reliability and
security on paper but is operated and maintained to those standards in
practice.","N","Global","Providing detailed records and test results (from
diagrams to penetration tests) gives auditors and customers confidence in the

data center’s operational compliance and resilience.","other"

Fact Cards ( knowledge/sources/fact_cards_compliance.csv)

Below is a set of atomic fact cards distilling key points from the above sources. Each fact is accompanied by
a brief explanation and source reference (site, year):

claim_id, fact,short_supporting_explanation,sources[(site,year)],reliability_tag
1,"Tier I data centers have no redundant capacity and must shut down for many
maintenance activities 2 ","Tier I is the simplest facility (only basic UPS,
generator, cooling). Any component maintenance or failure can require a full
outage, so it offers ~99.67% uptime at best 17 .","(Uptime Institute,2025);
(DataBank,2024)","primary standard"
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2,"Tier II data centers include N+1 redundant components for power and cooling
but still lack redundant distribution paths 34 4 " "Tier II provides some
redundancy (e.g., an extra UPS module, generator, or cooling unit) so
maintenance on a component doesn’t necessarily cut power/cooling. However,
because there is only one path for power and cooling, certain work or failures
can still cause downtime (less than Tier I but more than Tier III).","(Uptime
Institute,2025)","primary standard"

3,"Tier III data centers are concurrently maintainable - any single system
component can be taken offline for maintenance without disrupting services > ", "Tier
ITI achieves this via N+1 redundancy on all critical systems and multiple
independent distribution paths. With dual power feeds, UPS, generators, and
cooling units, planned maintenance can occur on one path while the other keeps
IT equipment powered and cooled ¢ .","(Uptime Institute,2025)","primary
standard"

4,"Tier IV data centers are fault tolerant - they have 2N+1 infrastructure so
that an unexpected failure of any single power or cooling component won’'t impact
IT operations 7 ","Tier IV sites deploy completely redundant systems in
physically isolated compartments. They can withstand even a major equipment
failure or utility outage because a duplicate path instantly takes over. This
delivers ~99.995% availability (only a few minutes of downtime per year) and
often includes continuous cooling and other enhancements for maximum resilience

8 .","(Uptime Institute,2025); (DataBank,2024)","primary standard"
5,"“Concurrent maintainability” means a data center can perform planned
maintenance on any single component without shutting down operations 5 ","This

concept (achieved at Tier III and above) requires redundancy (N+1 or greater)
for all key systems. For example, one UPS module or one cooling chiller can be
serviced while others carry the load, so IT equipment sees no loss of power or
cooling.","(Uptime Institute,2025)","primary standard"

6,""Fault tolerance” means the data center can experience an unexpected failure
of any single component yet continue operating normally 7 ","In a fault-tolerant
(Tier IV) facility, critical systems are 2N or 2N+1. If one power feed,
generator, cooling unit, etc., fails or is taken out by an incident, an
independent alternate keeps everything running. Users experience no outage from
a single fault.","(Uptime Institute,2025)","primary standard"

7,"Higher MTBF and lower MTTR improve a system’s availability ° 10" "Mean Time
Between Failures is how long on average a component runs before failing
(reliability), and Mean Time To Repair is how quickly it’'s fixed. For high
availability, components should fail rarely (high MTBF) and be repaired or
replaced quickly (low MTTR) so downtime is minimized.","(IBM,2023)","other"
8,"Integrated Systems Testing (IST) validates a data center’s entire
infrastructure under real-world conditions before it goes live 11 12" "IST
(commissioning Level 5) tests that backup generators start and carry load, UPS
batteries support power, cooling keeps temperatures safe, fire alarms and
suppression activate, etc., in concert. It often involves simulating a utility
outage to ensure all systems respond correctly, thereby catching design/
installation issues that unit tests (component-level) might miss.","(Crestchic,
2024)","other"

9,"Standby generators in critical facilities should be tested under load at
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least monthly 3 ","NFPA 110 (for emergency power) recommends running diesel
generators with at least 30% load for 30 minutes every month. Regular testing
prevents engine wet stacking, verifies the generator and transfer switch work,
and ensures backup power will be reliable during an actual outage.","(MGI
(NFPA),2025)","gov body"

10,"NFPA 110 also requires a full 4-hour emergency power run test every 36
months for Level 1 (critical) systems 4 ", "This triennial test ensures the
generator, fuel supply, and cooling can operate continuously during an extended
outage. It helps uncover any weaknesses (e.g., overheating, fuel issues) that
short tests might not reveal, thereby increasing confidence in the generator’s
long-duration performance.","(MGI (NFPA),2025)","gov body"

11,"Comprehensive outage preparedness plans significantly reduce data center
downtime risk 15 35" "Key elements include risk assessment (identifying threats
like power loss or cooling failure), built-in redundancy (e.g., multiple power
feeds, spare parts), continuous monitoring for early warning, clear incident
response procedures (with defined roles and escalation paths), and regular
disaster drills. These preparations enable faster, structured responses to
incidents, minimizing downtime.","(DataBank,2024)","operator whitepaper"
12,"Data center SLAs (Service Level Agreements) typically guarantee 99.9%+
uptime with credits if the provider fails to meet the target 3¢ 37 " "For
example, a 99.99% uptime SLA allows only ~4 minutes of downtime a month. SLAs
specify how uptime is measured and exclude certain events (like scheduled
maintenance or natural disasters). If uptime falls short (e.g., an outage longer
than allowed), the customer might receive financial compensation such as service
credits, incentivizing the provider to maintain reliability.","(DataBank,

2024)" ,"operator whitepaper"

13,"Tier III and IV certification can influence customer and insurance
perceptions of a data center’s risk","Higher tier certifications (from Uptime
Institute) signal robust infrastructure: Tier III/IV facilities have been vetted
for redundant power/cooling and fault tolerance. Customers in regulated or high-
uptime industries often require these tiers for colocation. Some insurers may
view certified facilities as lower risk for business interruption, potentially
improving terms. In essence, certifications and higher tiers serve as shorthand
for reliability, aiding site selection and compliance
audits.","(Datacenters.com,2023)","other"

14,"ISO/IEC 27001 mandates securing the physical facilities that house IT
systems 19 ", "As part of Annex A controls, organizations must control physical
access to their server rooms/data centers (e.g. badge readers, locks), monitor
for unauthorized entry (alarms, CCTV), and protect against environmental threats
(power failures, fire, water leaks). These measures are audited in ISO 27001
certification, ensuring a holistic security program includes facility
security.","(ISMS.online,2025)","primary standard"

15,"S0C 2's Security Trust Services Criteria include requirements for physical
security controls","In a SOC 2 audit (Common Criteria), data center providers
must demonstrate they restrict physical access to systems (through badges,
biometric scanners, keys, etc.), monitor and log access attempts, and protect
equipment from environmental hazards. Auditors will check evidence like access
logs and video surveillance as part of evaluating the “security” and


https://www.mgiepss.com/blog/understanding-nfpa-110-generator-testing-requirements#:~:text=Monthly%20Testing
https://www.mgiepss.com/blog/understanding-nfpa-110-generator-testing-requirements#:~:text=Triennial%20%2836
https://www.databank.com/resources/blogs/what-you-need-to-know-about-data-center-outage-preparedness/#:~:text=Establishing%20redundancy
https://www.databank.com/resources/blogs/what-you-need-to-know-about-data-center-outage-preparedness/#:~:text=Creating%20response%20protocols
https://www.databank.com/resources/blogs/ensuring-data-center-reliability-exploring-uptime-guarantee/#:~:text=In%20data%20center%20environments%2C%20uptime,typically%20comprise%20four%20main%20components
https://www.databank.com/resources/blogs/ensuring-data-center-reliability-exploring-uptime-guarantee/#:~:text=Remedies%20and%20penalties
https://www.isms.online/iso-27001/annex-a-2022/7-4-physical-security-monitoring-2022/#:~:text=ISO%2027001%3A2022%20Annex%20A%20Control,compliance%20with%20data%20protection%20laws

“availability” principles.","(AICPA TSC via ISMS.online,2023)","primary
standard"

16,"NIST SP 800-53 has an entire family of controls devoted to Physical and
Environmental Protection (PE)","These controls, used by federal agencies and
FedRAMP, cover everything from fencing, guards, and door locks (PE-3 Access
Control) to power and cooling integrity (PE-11 Emergency Power, PE-13 Fire
Protection). They map closely to ISO 27001's physical security controls and are
often more granular. Meeting the PE controls ensures a data center’s physical
defenses and infrastructure resilience meet government-grade standards.","(NIST
SP 800-53 Rev5,2020)","gov body"

17,"HIPAA’'s Physical Safeguards require data centers with ePHI to implement
facility access controls 24 ", "This means only authorized personnel should access
servers with electronic protected health info - typically achieved via locked
rooms/cages, badge or biometric systems, visitor escort and sign-in, and even
tracking of workstation locations. HIPAA compliance audits will expect to see
policies and evidence of these controls (or HITRUST certification covering the
same).","(HHS/0OCR via Kisi,2023)","primary standard"

18,"PCI DSS Requirement 9 dictates strict physical security for any cardholder
data environment 26 " ,"For a colocation or data center hosting payment systems,
this includes: badge-access controlled entrances, video surveillance of
sensitive areas, visitor logs, and procedures to ensure only authorized
personnel can reach cardholder data servers. It also requires secure destruction
of media and periodic reviews of access. Compliance is usually validated by a
PCI QSA auditor on-site.","(PCI Security Std via RSI,2023)","primary standard"
19,"NFPA 70 (National Electrical Code) and NFPA 70E are critical to data center
electrical reliability and safety","NEC (NFPA 70) ensures that power systems are
properly designed with redundancies (like dual power feeds, generator hookups)
and safe wiring, reducing fire and shock risks. NFPA 70E dictates safe work
practices (e.g., de-energizing equipment or wearing arc-flash PPE) so
maintenance can be done without accidents. By preventing electrical faults and
downtime due to human error, these codes support continuous uptime.","(NFPA,
2020)","gov body"

20, "ASHRAE recommends keeping data center temperatures within a range that
balances reliability and efficiency 28 ","Operating too hot can increase hardware
failure rates, while too cold wastes energy. ASHRAE's recommended envelope
(~18-27°C) is based on manufacturer data to ensure servers have low failure
rates. Staying in this band (with proper humidity control) avoids temperature-
related outages (like server thermal shutdowns or static discharges), thereby
supporting high hardware reliability.","(ASHRAE TC9.9 via AKCP,2023)","primary
standard"

21,"VESDA smoke detection can prevent costly data center fires by catching them
extremely early 29 ","Unlike traditional smoke alarms that need significant smoke
at ceiling level, VESDA uses air sampling tubes to detect tiny smoke particles
or wiring insulation burning. It can alert staff and trigger suppression when a
fire is just starting (often before any noticeable smoke), allowing intervention
or automatic clean-agent release. This can save the data center from a full fire
incident and associated downtime.","(SSI,2023)","other"

22,"Clean-agent fire suppression (e.g., FM-200 or NOVEC 1230) can extinguish


https://www.getkisi.com/guides/hipaa-compliance#:~:text=The%20basic%20parameters%20for%20HIPAA,and%20Devices%20and%20Media%20Controls
https://blog.rsisecurity.com/what-are-pci-compliance-data-center-requirements/#:~:text=,access%20controls%20to%20minimize%20unauthorized
https://www.akcp.com/index.php/2020/12/14/data-center-temperature-guidelines-and-best-practices/#:~:text=Data%20Center%20Temperature%20Guidelines%20and,best%20usage%20and%20accommodates
https://www.suppressionsystems.com/vesda/#:~:text=VESDA%20is%20an%20Aspirating%20Smoke,destructive%20protection

data center fires without water damage 30 ","These gaseous agents rapidly
suppress fire by chemical interference or oxygen depletion, and they evaporate
without residue. Data centers use them to protect electronics because a water
sprinkler discharge could be as damaging as a fire. When tied to early
detection, a clean-agent system can snuff out a fire while it’'s small,
preserving uptime and equipment.","(SSI,2023)","other"

23,"Equinix and other colocation providers implement multi-layer physical
security (guards, mantraps, biometrics) to protect customer equipment 3! ", "For
example, a visitor to an Equinix IBX must show ID to security, pass through a
mantrap portal with badge and fingerprint verification, and only then reach
their locked cage. Meanwhile, cameras record all areas. This depth of security
is a big reason enterprises trust colocation facilities with their sensitive

data and servers.","(Equinix,2025)","operator whitepaper"
24,"Under shared responsibility, data center operators handle physical
infrastructure controls while tenants handle their systems and data 32 ","In

practice, this means the colocation provider will manage perimeter security,
surveillance, power, cooling, fire suppression, and building maintenance, often
audited via SOC 2/ISO 27001. The customer is responsible for securing their on-
site equipment (e.g., locking their rack, hardening servers) and managing who
they grant data center access to. This division is often documented in contracts
and ensures nothing falls through the cracks.","(Digital Realty,2025)","operator
whitepaper"

25,"Auditors typically review one-line diagrams, maintenance logs, and test
results as evidence of a data center’'s reliability controls 27 33 " "One-line
diagrams show the electrical design (redundancy, fault isolation points).
Maintenance logs (for generators, UPS, CRAC units) prove that the facility
follows schedules like monthly tests. Drill reports and incident logs show how
the staff handles problems. Penetration test and CCTV logs demonstrate physical
and cyber security monitoring. Together, these artifacts give a 360° view of
operational compliance.","(RSI Security,2023)","other"

(Each fact above corresponds to one or more bibliography entries. Sources in parentheses are abbreviated with
site name and year for brevity.)

Top 30 Sources ( knowledge/sources/
top_30_sources_compliance.md)

Below are 30 of the most critical sources, with a brief note on what each covers, why it matters, and which
key facts it supports:

1. Uptime Institute - Tier Classification System (Uptime Institute, 2025) - Official definitions of Tier
I-IV data center standards ' 7 . Explains criteria like redundancy levels, concurrent
maintainability, and fault tolerance that underpin expected availability. Supports facts 1-4, 5, 6
(understanding Tier differences and terminology).
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10.

11.

. DataBank - Ensuring Data Center Reliability: Exploring Uptime Guarantee (DataBank, 2024) - Data

center operator blog explaining uptime SLAs and their relationship to Uptime Tier levels 17 18,
Details Tier uptime percentages (Tier IV 99.995% etc.) and SLA components (exclusions, remedies).
Supports facts 4, 9, 12, 13 (tier uptime stats, SLA structure, business impact).

. Crestchic - What is Integrated Systems Testing in a Data Centre? (Crestchic Loadbanks, 2024) -

Describes the commissioning process, especially Level 5 IST 11 12 | Emphasizes testing of power,
cooling, and safety systems together to ensure reliability. Supports facts 8 (importance of IST for
reducing early failures).

. MGI (Danny Chisholm) - Understanding NFPA 110 Generator Testing Requirements (2025) - Written

by an NFPA 110 committee member; breaks down generator maintenance standards 13 14,
Explains monthly 30% load tests and 36-month 4-hour tests. Crucial for critical facilities' emergency
power reliability. Supports facts 7, 9, 10, 15 (generator testing and NFPA standards).

.IBM - What is Mean Time Between Failure (MTBF)? (IBM, 2023) - Provides definitions of MTBF and

MTTR in context 9 10, Useful for explaining reliability metrics in maintenance planning. Supports
fact 7 (importance of MTBF/MTTR on uptime).

.ISMS.online - ISO 27001:2022 Annex A 7.4 - Physical Security Monitoring (Mike Jennings, 2025) -

Commentary on ISO 27001’s physical security control 19 . Highlights requirements for CCTV, alarms,
secure areas in the updated standard. Supports facts 10, 14 (ISO 27001 facility controls).

.ISMS.online - SOC 2 CC6.7 Explained (ISMS.online, 2023) - Explains the SOC 2 Common Criteria

around logical and physical access controls 21 . Clarifies that SOC 2 includes data center physical
security (e.g., biometric entry, monitoring). Supports fact 11, 15 (SOC 2 overlap with physical security).

. North Carolina IT - NIST 800-53 Rev.5 Security Controls Crosswalk (NC.gov, 2022) - A crosswalk

mapping NIST controls to ISO, HIPAA, SOC, etc. 22 23 . Shows the full breadth of NIST PE (Physical/
Environmental) controls such as PE-11 (Emergency Power) mapping to ISO A.11. Useful to see how
frameworks align. Supports facts 12, 16 (NIST controls for power, fire, environment).

. Kisi - HIPAA Compliance (Physical Security) (Kisi, 2023) - Guide focusing on HIPAAs physical

safeguard requirements 24 . Emphasizes facility access controls for server rooms with ePHI. Supports
facts 13, 17 (HIPAA facility security expectations).

RSI Security - PCI Compliance Data Center Requirements (RSI, 2023) - Blog detailing what PCI DSS
requires for data centers, particularly Requirement 9 (physical security) 26 27 . Outlines badge
access, monitoring, visitor management, and media controls. Supports facts 14, 18, 25 (PCI physical
controls and evidence needed).

Equinix - Trust & Security - Security Center (Equinix, 2025) - Describes Equinix’s global data center
security program 37 . Notes five layers of physical security: guards, mantraps, biometrics, CCTV.
Demonstrates industry best practice. Supports facts 18, 23 (real-world example of layered security).
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https://www.databank.com/resources/blogs/ensuring-data-center-reliability-exploring-uptime-guarantee/#:~:text=Tier%20I%20data%20centers%3A%20These,critical%20applications%20with%20limited%20redundancy
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https://www.isms.online/soc-2/controls/logical-and-physical-access-controls-cc6-7-explained/#:~:text=SOC%202%20CC6,verify%20performance%2C%20minimise%20risks%2C%20and
https://it.nc.gov/documents/statewide-policies/nist-800-53-security-controls-crosswalk/open#:~:text=match%20at%20L2071%20PE,308%28a%29%287%29%28i
https://it.nc.gov/documents/statewide-policies/nist-800-53-security-controls-crosswalk/open#:~:text=PE,2
https://www.getkisi.com/guides/hipaa-compliance#:~:text=The%20basic%20parameters%20for%20HIPAA,and%20Devices%20and%20Media%20Controls
https://blog.rsisecurity.com/what-are-pci-compliance-data-center-requirements/#:~:text=,access%20controls%20to%20minimize%20unauthorized
https://blog.rsisecurity.com/what-are-pci-compliance-data-center-requirements/#:~:text=%2A%20Installing%20badge,termination%20or%20departure%20from%20the
https://www.equinix.com/about/trust-security#:~:text=Compliant%2C%20secure%20data%20centers%20across,the%20world

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

Digital Realty - Public Sector Solutions (Shared Responsibility) (Digital Realty, 2025) - Data center
provider site explaining how they handle physical security and customers handle their gear 32 .
Provides a clear example of the shared responsibility model in colocation. Supports facts 19, 24
(demarcation of duties for compliance scopes).

DataBank - What You Need to Know About Data Center Outage Preparedness (DataBank, 2024) -
Blog outlining creating an outage preparedness plan (risk assessment, redundancy, monitoring,
response, drills) 15 16 . Stresses culture of preparedness. Supports fact 8 (incident response
planning and best practices).

DataBank - Ensuring Data Center Reliability: Uptime Guarantee (DataBank, 2024) - [Same as #2].
(Listed again for completeness because it covers multiple points: Tier uptime and SLA details, plus
significance of guarantees.) Supports facts 4, 9, 12.

Datacenters.com - The Importance of Data Center Certifications (Datacenters.com, 2023) - Article
discussing various certifications (Tier, ISO 27001, SOC, PCI, HIPAA, etc.) and their benefits 38 . Notes
that Tier III/IV improve disaster recovery and uptime, and certifications build customer trust.
Supports fact 13 (certifications’ impact on business decisions and perceived reliability).

NFPA - NFPA 110 Standard for Emergency Power Systems (NFPA, 2016) - Primary standard text
(referenced via MGI blog). Defines classes, types, and test requirements for generators in critical
applications. Ensures backup power reliability in design and operation. Supports facts 7, 9, 10, 15.

NFPA - NFPA 70 & 70E (National Electrical Code & Electrical Safety) (NFPA, latest) - Primary codes
(referenced generally). NEC ensures safe, reliable electrical infrastructure (proper redundancy, fault
protection); NFPA 70E ensures safe maintenance to prevent downtime accidents. These underpin
data center electrical design. Supports fact 15, 19.

ASHRAE TC9.9 - Thermal Guidelines for Data Centers (ASHRAE, 2021) - Recommendations for
temperature and humidity ranges that balance reliability and efficiency. Cited by data center
designers to reduce hardware failure rates. Supports fact 16, 20.

Suppression Systems Inc. - VESDA Active Protection for Mission-Critical Assets (SSI, 2023) - Vendor
technical brief on VESDA smoke detection and how pairing with clean-agent suppression stops fires
early 29 30  Highlights why early fire detection is vital in data centers. Supports facts 17, 21, 22.

AKCP - Data Center Temperature Guidelines and Best Practices (AKCP, 2023) - Explains ASHRAE's
recommended temperature envelope (64-81°F) and its relation to uptime 28 . Reinforces that
staying within these limits prevents failures. Supports fact 16, 20.

Data Center Knowledge - Managing Risk: Is Your Data Center Insurance Up to the Test? (DCK,
2020) - Discusses unique insurance risks for data centers (fires, outages) and how robust
infrastructure and procedures (tier certifications, testing, etc.) factor into underwriting. Links
reliability measures to insurance considerations. Supports fact 13 (implied connection between
reliability and insurance).
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https://www.digitalrealty.com/expertise/solutions/public-sector#:~:text=Enhance%20security%20and%20compliance
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https://www.databank.com/resources/blogs/what-you-need-to-know-about-data-center-outage-preparedness/#:~:text=Creating%20response%20protocols
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22.

23.

24.

25.

26.

27.

28.

20.

30.

HHS OCR - HIPAA Security Rule Summary (HHS, updated 2013) - Official summary of HIPAA Security
requirements, including Physical Safeguards 39 40 . Emphasizes need to limit physical access to
facilities and devices. Supports fact 17.

PCI Security Standards Council - PCI DSS v4.0 Quick Reference (PCI SSC, 2022) - Outlines all 12
requirements, with Requirement 9 focusing on physical security and segmentation. Useful for exact
wording that data centers must follow. Supports fact 18.

Uptime Institute - Tier Certification Benefits (Uptime Institute, 2021) - Explains why pursuing Tier
certification is valuable (assures no “weak links” in design, signals excellence to customers/insurers)
41 . Supports fact 13 (certification influence on stakeholders).

North American Electric Reliability Corp (NERC) - Data Center Reliability Considerations (NERC,
2020) - While focused on utility interactions, touches on backup power testing and maintenance
coordination to avoid outages. Supports facts 7, 15.

SANS Institute - SOC 2 Trust Services Categories (SANS, 2019) - Discusses SOC 2 criteria including
CC6 (physical/logical access) and CC7 (operations). Affirms that physical security is part of SOC 2's
“common criteria” for security 42 . Supports fact 15.

AICPA - Description of Trust Services Criteria (AICPA, 2017) - Official criteria listing for SOC 2.
Security (CC5/6) includes physical access controls. Availability (A1) includes environmental controls
and DR plans. Supports facts 11, 15, 12.

Marsh - Data Center Risk & Insurance (Marsh, 2021) - Industry report linking data center tiering,
certifications, and risk management to insurance programs (e.g., underwriting considers power
redundancy, fire protection systems). Supports fact 13.

Schellman - FedRAMP High vs Moderate (Schellman, 2022) - Explains that FedRAMP (using NIST
controls) requires extensive physical/environmental safeguards at High baseline (e.g., guarded
facilities, background checks). Shows government's emphasis on data center security for cloud.
Supports fact 12.

Equinix Blog - How to Speak Like a Data Center Geek: Security and Reliability (Equinix, 2025) -
Educational blog defining terms like mantrap (two-door entry to prevent tailgating) 43, business
continuity, geo-redundancy, etc. Helps non-experts grasp why features like mantraps and redundancy
matter. Supports facts 18, 23, 24.

Mapping of Facility Security Controls Across Frameworks

The following table compares how three major frameworks address data center physical and environmental
security:
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ISO/IEC
Facility S it SOC 2 (2017 Trust
Actity Securty  27001:2013 Annex 2(2017 Trus NIST SP 800-53 Rev.5
Topic A Services Criteria)

CC6.7 - Logical and

A.11.1 - Secure physical access controls PE-3 - Physical Access
. Areas (physical (within Security criteria) Control <br> PE-6 -
Physical access — N Lo .
control entry controls, <br> Availability criterion Monitoring physical access
identification of (A1.2) also requires <br> PE-2 - Physical Access
entrants) physical safeguards for Authorizations
system availability
PE-11 - Emergency Power
A.11.2 - Equipment <br> PE-12 - Emergenc
, -~ =quip CC8.1/A1.2 - (Availability: gency
Environmental Security (incl. . , Lighting <br> PE-13 - Fire
. . . environmental protections -
utilities & supporting utilities Protection <br> PE-14 -
] . and backup plans for .
support like power, cooling, systems) Temperature / Humidity
fire protection) 4 Controls <br> PE-15 - Water
Damage Protection
I CP-1 to CP-10 - Contingency
. A1.2 & A1.3 - Availability . . .
A.17 - Business L Planning family (policy, plan,
. - ) criteria (data backup )
Contingency/ Continuity Planning backups, alternate sites, DR
- . . . processes and recovery .
Resiliency (incl. information . testing, etc.) <br> (PE-16 -
. ) plan testing) <br> CC9.2 - ,
Planning security aspects of Alternate Work Site, as

Risk mitigation (addresses

disaster recover
2 business continuity risks)

physical aspect of
continuity)

How to use this table: While ISO 27001 focuses on establishing controls (e.g., secure facilities in Annex A.11)
and SOC 2 defines broad criteria (e.g., “physical access is restricted”), NIST 800-53 provides very granular
control specifications (PE and CP families). Mapping them helps in understanding that, for example,
implementing badge access and CCTV in a data center (ISO A.11, SOC2 CC6.7) will also satisfy NIST controls
like PE-3 and PE-6. Companies often use such mappings to leverage compliance efforts across multiple
standards.

Practical impact: Achieving these certifications and alignments can influence insurance premiums, client
acquisition, and regulatory approval. For instance, a data center with Tier IV design and ISO 27001/SOC 2
reports can command higher confidence, possibly lower risk ratings from insurers, and attract customers in
finance, healthcare, and government who require demonstrable resilience and compliance. Certifications
and tier ratings also directly feed into contractual uptime SLAs and liability - a Tier III facility might
comfortably offer a 99.99% SLA, whereas a non-certified facility may not. In essence, facility reliability and
compliance standards are not just checkboxes; they tangibly affect business continuity, legal/regulatory
standing, and the bottom line.

T2 3 4 5 6 7 8 34 Uptime Institute Tier Classification System - Uptime Institute
https://uptimeinstitute.com/tiers

14


https://uptimeinstitute.com/tiers#:~:text=A%20Tier%20I%20data%20center,a%20Tier%20I%20facility%20include
https://uptimeinstitute.com/tiers#:~:text=Tier%20I%20protects%20against%20disruptions,severe%20consequences%20from%20system%20failure
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9 10 What Is Mean Time between Failure (MTBF)? | IBM
https://www.ibm.com/think/topics/mtbf

1112 What is Integrated Systems Testing in a Data Centre Environment?

https://loadbanks.com/what-is-integrated-systems-testing-in-a-data-centre-environment/

13 14 Understanding NFPA 110 Generator Testing Requirements
https://www.mgiepss.com/blog/understanding-nfpa-110-generator-testing-requirements
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