I REFERENCE DESIGN #504

HIGH-EFFICIENCY
COOLING FOR THE
1GW Al FACTORY

Scalable Thermal Infrastructure System

Design featuring Air-Cooled Magnetic
Bearing Chillers

A reference design engineered to simplify
I_ operations and boost energy efficiency.




INTRODUCTION

Artificial intelligence is driving massive growth in data center
demand — and advanced cooling is critical to keep innovation
running. Trane leads the way with proven thermal management
solutions for Al factories and data centers of all sizes.

This reference design provides:
v A 1GW cooling blueprint for Al factory applications

v/ Integrated air- and liquid-cooling configurations for NVIDIA
racks

v/ Guidance on CDUs, fan coil walls, chillers, pumps and facility
piping

v/ Afoundation for mechanical design that complements
electrical and controls systems




DESIGN
OVERVIEW

Temperature and

Medium Temperature High Temperature
Flow Rates (Airside) (Liquid Direct to Chip)
Total Block Load 13.74MW (3,906T) 102.4MW (29,120T)
This table summarizes temperature and o R e ety Susesesiced it S
flow rate requirements for the air-cooled Evaporator Flow Rate/Chiller 3,941 LPM (1,041 GPM) 4,200 LPM (1,109 GPM)
chillers in this reference design. These Facility Loop Temperature (Return) 32°C (89.6°F) 36°C (96.8°F)
values represent an Al factory installed in srsrsrsmsssroms s
. Facility Loop T | 22°C (71.6°F 26°C (78.8°F
Albuquerque, NM and can be adjusted for | el e VAR B 2 S SOWeST)
specific applications. Facility Loop Fluid Water Water
Technical Loop Supply Temperature: 30°C (86°F) Max Ambient (Albuquerque, NM) 40°C (104°F)
Technical Loop Return Temperature: 40°C (104°F) Elevation (Albuquerque, NM) 1,619m (5,312))

Fan Coil Wall Supply Air Temperature: 27°C (80.6°F)



DESIGN OVERVIEW

. v Integrates air- and liquid- v/ Streamlined, low-complexity v/ Scalable, Future-Ready
Reference Dlag ram cooling systems system - easy to commission Solution
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— DESIGN OVERVIEW

Customer Outcomes

Reduce power use

Dedicated high temperature loop
reduces chiller power.

Compressor assist economizer
operation reduces chiller power off
peak ambient temperatures.

Advanced controls optimize chiller
lift and pump energy to maintain
best-in-class PUE.

Reduced Time to Full Performance

Larger tonnage = fewer chillers to

install, commission, and coordinate.

Fully packaged air-cooled design
requires no cooling towers or
condenser-water systems.

Factory-tested with integrated
controls for minimal field
commissioning.

Simplified piping, electrical, and
chilled-water connections reduce
onsite labor.

Balanced total cost of ownership
(TCO), redundancy and resiliency

Swing chillers can serve high- or
low-temperature loops, reducing the
total chillers needed.

Larger-capacity air-cooled packaged
chillers reduce overall footprint.
Magnetic-bearing technology reduces

wear and maintains smooth
modulation under load swings.



SYSTEM BENEFITS

Air-cooled chiller thermal management systems offer high efficiency and fully packaged solutions with
the ability to be commissioned and scaled quickly. In addition, air-cooled chillers require no water and
are simpler to operate in large-scale Al data centers.

* Reduced chiller footprint with higher-capacity 3MW air-cooled chillers

« Dedicated temperature loops improve the chiller
efficiency of the high-temperature loop.

e Air-cooled chillers eliminate water use —
Water Usage Effectiveness (WUE) =0

*  Low-GWP refrigerants R-1234ze
significantly reduces carbon impact



—> SYSTEM BENEFITS

Scalable and Simplified for Greater Efficiency

Dual-temperature chiller plant, dedicated medium and high temperature chillers

* Best used when load
ratios and temperature
requirements are well

22°C (71.6°F) oW - Tebe

defined and stable.
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* Separate loops
eliminate unnecessary
lift, allowing chillers to
be selected and
optimized specifically for
each temperature band.

32°C (89.6°F)
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* Avoids the energy waste
of single-temperature
mixing strategies.
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SYSTEM BENEFITS

Maximizes Token per Watt

Results of dedicated loops with higher temperature air-cooled chiller for liquid cooling on 1GW Al Factory:
« Baseline - single loop design feeding both FCW and CDUs at the same 22C (71.6F).
+ Dedicated loops - load can be split with 93% going to higher 26C (78.8F) with much higher efficiency. 7% still at 22C FCW temp.
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—> FULL LOAD - REDUCED LIFT OPERATIO?_

TCAB “Compressor Assisted Economizer”

TCAB chillers can run compressors at lower pressure ratios when
conditions permit improving unit efficiency.

Capacity is maintained while power consumption is reduced.

Integrated controls enhance operation for reliable performance at low
ambient conditions without reliance on glycol or free-cooling coils.
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; EN HANCED APPROACH TCAB System Power Ratio vs Max Unit Capacity

1 ®
Design for Footprint or Efficiency
0.95

Design for Footprint Reduction — Peak Capacity
» Designing for the peak capacity for a given air-cooled unit allows % 0.9

for a minimized chiller plant footprint 5 '
Design for Efficiency — Below Peak Capacity § 0.85
* For a given ambient temperature, limiting the capacity of an -

air-cooled unit reduces the condenser approach temperature, 0.8

improving overall unit efficiency. I
«  Optimize according to your genset power allocation. 0.75

. . 400 500 600 700 800 900

Operational Efficiency Unit Max Capacity (tons)
« Utilize redundant chiller(s) and operate chiller array with each L J

chiller at a lower capacity

Unit System IT Cooling
Capacit Efficienc Power . i

A y Design Max 850T Design Reduced 730T
Reduced t ‘

Max I I
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—> KEY SYSTEM COMPONENTS

Air-Cooled Magnetic Bearing Chillers

Trane TCA Air-Cooled Magnetic Bearing Chiller
delivers high-capacity, high-efficiency cooling
engineered specifically for mission-critical data
centers.

Fan Coil Walls, Model TCDC

Trane Fan Coil Walls provide higher
capacity, efficient air cooling in the data
hall, using medium chilled-water
temperatures to deliver added capacity
where air cooling is needed most.

GigaModular™ Coolant
Distribution Units (CDUs)

Trane CDUs support the liquid-cooled
portion of the data hall, separating
facility and technical loops with a
liquid-to-liquid heat exchanger for
efficient, high-temperature cooling
compatible with Al servers.

-



KEY SYSTEM COMPONENTS
Oil-Free Magnetic Bearing Air-Cooled Chiller Model TCA

Design Characteristic

Capacity Range

Requirements

Up to 850 tons (3+ MW)

Oil free magnetic bearing two stage
centrifugal compressor
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KEY SYSTEM COMPONENTS
Fan Coil Wall, Model TCDC

Design Characteristic Requirements

Capacity Range Up to 800 KW
"""""""""" AiflowRange | 1loKCRM+
""""""""" EnteringAirTemp | Uptod0®C(104F)
" FanType | ECMDirectDriveFans

Automatic Transfer Switch
Controller Capacitor Backup
Controls Teaming Application

Backdraft Dampers
Filtration 2” or 4” Filters (MERV 8 or 11)
"""""""" HarmonicFiltration |  5%or Less of Total Demand Distortion
~ powerDraw | < 6% of Capacity Being Cooled inkW




KEY SYSTEM COMPONENTS
GigaModular™ Coolant Distribution Unit (CDU)

Design Characteristic Requirements

Capacity Range Upto 14 MW at 4°C (7.2°F) Approach

Design Secondary (PG 25) Supply Temp Up to 45°C (113°F)
Design Facility Water Temperature Up to 41°C (105.8°F)
Max Ambient Temperature Operation 50°C (122°F)

Scalable Solution
Controls Teaming Application
Pressure Independent Control Valve
316 Stainless Steel Plate Heat Exchanger
Triple-Redundant Sensors in the Header
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KEY SYSTEM COMPONENTS = =
Computer Room Air Handler (CRAH), Model VCDC

Design Characteristic Requirements

50kW to 360kW t tvaried d it
Capacity Range o o supportvaried density
zones
Airflow Range 5,000 - 50,000k CFM
Fan Type

Automatic Transfer Switch (ATS)
Controller Capacitor Backup
Controls Teaming Application

Condensate Pump
Motorized return air damper

Downflow horizontal discharge for

. . electrical room cooling

Deployment Configuration Flexible for downflow white space use
Optional upflow configuration




BEST PRACTICES
Redundancy

Dual-temperature plant with swing chillers

3, FCW - TCDC
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plant with swing chillers
allows redundant units to be
flexibly assigned to either
the high- or low-temperature
loop, reducing the total
number of chillers needed
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TCAB Air Cooled Chillers
Swing Plant Provides Redundancy For Either Temperature

when full dual-loop Loop
redundancy isn’t required.
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—> BEST PRACTICES

Freeze Protection

@

>

Heaters

* Factory Installed
 Down to -20F

Outdoor equipment such as air-cooled chillers and exposed piping is at risk of freezing
when ambient temperatures drop below the fluid’s freeze point. Protection can be achieved
by selecting a suitable fluid or by adding heat to maintain temperature above freezing.

I©I|“
Heat Trace

« Install on all piping, pumps,
and other water components

« Will not prevent refrigerant migration exposed to ambient

*If chiller is to be isolated during flow control,
included loop volume must be sufficient to
prevent fluid from reaching it's freeze point.

NY,
Flow Control
Provided freeze avoidance for
refrigerant migration (see p. 87 in |IOM)

Must be provided without delay
Meet minimum evap flow
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https://elibrary.tranetechnologies.com/public/search?maxFacetValues=25&n=&term=publicationID_md%3ATCA-SVX001*&viewpdf=true

—> BEST PRACTICES
Thermal Energy Storage (TES)

Storage Location Matters

Thermal storage can be integrated into the chiller plant in several ways,
with tank location determined by system needs.

v' TES on Facility Water Supply

* Provides capacity if the chiller plant is down

v/ TES on Facility Water Return

®* Smooths out chiller plant operation when compute loads fluctuate.

O When installed on the return side, the tank helps buffer large
temperature swings in return water during rapid load changes.

O Stabilizing the return temperature enables chillers to maintain a
consistent leaving-water temperature.

v’ TESonTCS Supply
®* Smooths out overall system operation and provides resiliency

* UPS required for TCS loop only

< @
TES Tank
FWS Supply
x_,//
Chiller Plant Supply
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Chiller Plant Return
TES Tank
FWS Return




KEY SYSTEM COMPONENTS

Thermal Management Skid

Design Characteristic Requirements

1-3 MW (300-850 Tons)

Custom sizes available

Capacity Range

Storage and flowrates adaptable to site
specific requirements

Freeze Avoidance
Normal Operation
Thermal Energy Discharge
Thermal Energy Recharge

Air Separator
Bypass Piping
Isolation Valves
Control Panel

Full Function Testing with Tank and Chiller
Possible.




—> BEST PRACTICES
Adiabatic Pre-Cooling

How It Works

Air-cooled condenser performance depends on the temperature
difference between refrigerant temperature and incoming dry-bulb
air.

Adiabatic cooling evaporates water into the inlet airstream, lowering
effective dry-bulb temperature.

Air temperature approaches wet-bulb, increasing heat-transfer
capacity.

Biggest gains occur in hot, dry climates with large DB-\WB spreads.

Mechanical Cooling Benefits — Peak Shaving

Boosts heat-rejection capacity during peak ambient temperatures.
Reduces chiller lift and compressor power use.

Allows for fewer quantity of units or reduced loading on existing
units.

Cuts compressor and fan energy during high-temperature periods.

Scenario 1: Reduced Number of A/C Chillers
Lower first cost
Smaller footprint

Scenario 2: Same Number of A/C Chillers
Reduced cooling power requirement
Lower sound with fan speed reduction
Resilience to micro-climate effect



—> BEST PRACTICES
Air-Cooled Chiller Plant Unloading Strategy

« Chiller efficiency improves as condenser approach
temperature decreases (lower lift)

* Condenser approach temperature decreases as chiller
capacity is reduced

« TCAB chiller has two 425-ton circuits

*  When unloading from 850T to 425T, the chiller can
either shut down one circuit or run both at ~50% load

* Running both circuits at partial capacity lowers
condenser approach temperature and reduces total
power use by ~33% compared to running a single circuit
at full load

«  With proper control of an air-cooled chiller array, this
same concept can be applied to a group of air-cooled
chillers connected to a common IT load

I Condenser Approach Temperature (deg F) I
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TCAB 850T Single Circuit Compressor Speed Sweep (104F OAT)

200 250 300

Capacity (ton)

350 400 450

Load / Unload Chillers Sequentially
«  Control Simplicity
« Can utilize fixed speed evaporator pumps

« Can rotate operating units for scheduled maintenance

Load / Unload Chillers Uniformly
« Maximize Efficiency (pPUE)

* Integrated controls required

*Qty of units operating will be selected to keep running units above min capacity



—> INTEGRATED ELECTRICAL & POWER ARCHITECTURE

Trane + Eaton

Unified Power Distribution

« Trane mechanical and HVAC systems connect directly to Eaton switchgear, distribution panels, and circuit protection devices.

- Eaton’s modular switchgear supports scalable expansions and high-density power architectures used in Al and high-load environments.
« Selective coordination ensures reliable power delivery to mission-critical cooling equipment.

Power Quality & Backup Integration

« Eaton UPS systems provide ride-through Eaton’s Switchboard RPP Busway
y P 9 MVAC/ 480Vac Eaton's Eaton's Eaton'’s Eaton’s
power to prevent HVAC control System Transformer Pow-R-Line Xpert™ 9395XC™UPS  PowerHub® PDU PowerWave 2™ Busway
resets during disturbances. i
P i itioni 50Vdc in-Rack =S ACIDC ACIDC ACIDC |AC IDC |y
. ower quality conditioning < =N 3 Eaton's ovie
Architecture (Current) :::::

(harmonic filtering, surge
suppression) protects Trane
VFDs & control electronics.
* Integration with Eaton

. Trane’§ Magnetic Bearing
transfer switches and Chiller Model TCA
generator systems provides
seamless transition to

BBU BBU

BBU BBU LTIV

MVAC/ 50Vdc: ~ 96.5%

A

emergency power. el 9L )
Eaton's Trane's
Note: CRAH and Fan Coil Wall not shown Boyd ROL4000CDU  LiquidStack Gigamodular™ CDU

Powering Business Worldwide

% TRANE F.T-N



—> CONTROLS, MONITORING AND OPTIMIZATION

Trane + Eaton

Advanced Metering & System Visibility
- Eaton metering and Power Xpert platforms deliver real-time visibility into mechanical-system loads (kW, kWh, demand, harmonics).
« Data streams integrate into Trane BMS/EMS platforms for unified dashboards that combine power and thermal system performance.

« Enables energy benchmarking, capacity planning, and predictive maintenance.

Controls & Automation Synergy
« Trane controls interface with Eaton intelligent breakers, relays, and gateways using open protocols (BACnet, Modbus, Ethernet/IP).
« Supports coordinated load shedding, start-up sequencing, and protective logic tied to electrical system conditions.

« Enables remote monitoring, alarm forwarding, and secure updates across mechanical and electrical equipment.

Resiliency, Safety & Compliance
- Eaton arc-flash mitigation and UL-listed electrical components enhance service safety for Trane system maintenance.
« Redundant power paths and dual-feed configurations ensure high availability for liquid-cooling and mechanical systems.

F.T-N

Powering Business Worldwide

« Combined diagnostics from both systems accelerate troubleshooting and reduce downtime.
% TRANE ‘



SYSTEM CONTROLS

Effective controls are critical to chiller plant performance
and reliability. Trane’s data center—tailored control
platform promotes efficiency, uptime and responsiveness
by integrating all major components — chillers, dry
coolers, pumps, valves, CDUs and fan coil walls — into
one coordinated system.




SYSTEM CONTROLS
Reference Diagram

System Control

Tracer® is a unified thermal management system that simplifies
operations by handling chiller rotation, staging, and sequencing
with built-in tools that boost reliability and enable data-driven

Al Enhancements

Take optimization further with our Al-driven efficiency engine. Trane® Al Control
blends decades of expertise with real-time data to continuously improve your
thermal management system and capture every possible watt of savings.

performance.
Trane Thermal Management System . s
: Insights + Optimization
Fan coil wall L
Building GigaModular™ CDU Py CRAH Digital Hub When power is limited,
T T Tl e elielle : ! : your cooling system must
Management - : /S|
System o x (ofjollo] - Trane® Cloud run at peak efficiency—
- | it + Secure connectivity ~ eeeen every kilowatt saved .
: olioffo] Remot . means more racks online.
- [T - emote service Trane Intelligent
= |,|| ”l,l i A -l * Analytics and diagnostics Services uses
= T B | ! whole-system data to
- E < deliver actionable
R i S B 0 N N Tracer® Synchrony® energy-saving strategies.
g = — — — — — » Chiller plant control
- s - o - s + Optimization strategies

Equipment Connectivity

Symbio® controls collect and translate key
equipment data into the Tracer SC+, enabling
data-driven service and optimization.

Chillers « Equipment monitoring

Predictive Maintenance

With your permission, we can securely connect to your equipment or Tracer SC+ to enable Connected Mechanical
Service. By monitoring trends and performance data, we help identify issues early so your team or our technicians
can act before failures occur. And when on-site support is needed, Trane Service Agreements and local
technicians are ready to respond.



TRANE CLOUD
Digital Solutions

Trane Cloud connects your thermal management system to a
secure, scalable digital environment where data becomes
insight and insight becomes action. By bringing together
equipment, controls and analytics in one place, it gives you and
your operations team a shared view of system performance —
S0 issues can be identified, prioritized and addressed with
clarity.

Centralized equipment, building and service data enable
faster response and issue resolution

Advanced analytics and expert guidance turns real-time data
into prioritized insights, so you know what matters most

System architecture supports future scalability

Foundation for advanced services enables Al, predictive
diagnostics and ongoing optimization




SECURE CONNECTIVITY
Digital Solutions

In data center environments, connectivity can’t come at the
expense of security. Trane’s secure connectivity framework is
designed to protect your systems, data and operations while still
delivering the full value of digital services. With layered
protections, controlled access and industry-aligned practices,
you get the insights you need — without taking on unnecessary
risk.

« Built-in security protects your system at every level

« Secure remote access lets you monitor and service your
system without exposing critical infrastructure

« Data protection and encryption keep your information secure
in transit and at rest

* Role-based access and governance make sure the right
people have access to the right data

« OTA updates help you stay current with evolving
cybersecurity standards and best practices

* Dedicated Trane cybersecurity teams help keep you ahead
of emerging threats and your system secure over time




NUVOLO

Asset and Maintenance Management

Nuvolo® delivers a modern, ServiceNow-native CMMS
platform designed to help data centers operate with greater
reliability, efficiency, and control. By unifying facilities and IT
operations, Nuvolo enables seamless management of
critical infrastructure — from chillers and generators to UPS
systems and other mission-critical assets.

With automated maintenance workflows, real-time asset
tracking, and built-in space and capacity management, the
platform helps reduce downtime, extend equipment life, and
strengthen compliance with evolving regulatory standards.
Nuvolo also transforms operational data into actionable
insights, empowering smarter capital planning and
supporting sustainability goals. The result is a connected,
proactive approach to data center operations that keeps
facilities resilient and future-ready.
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SUSTAINABILITY

Your Sustainability Goals Are Our Sustainability Goals

As the demand for data processing and storage grows, so does the need for sustainable practices.
Trane is committed to helping data centers achieve their sustainability goals while maintaining operational efficiency and strengthening
community relations.

Trane offers solutions to help mitigate community relations concerns, including noise reduction and community
engagement.

As a global climate innovator and energy services provider we translate sustainability priorities into actionable tactics
and strategies to lower carbon emissions, conserve resources and reallocate energy.

Trane provides scalable solutions that help customers grow as they go, helping to balance CapEx and OpEx.

Trane’s innovative and scalable solutions create sustainable outcomes helping to ensure energy efficiency, regulatory
compliance and cost savings.




TRANE SERVICE

As data centers expand in size and complexity, the need
for dependable, efficient cooling grows with them. Trane’s
thermal management services are designed to meet these
evolving demands — providing scalable, responsive
support that adapts to changing loads, tighter schedules
and zero-tolerance uptime requirements.

« Embedded expertise helps support reliable operation
from design through expansion and refresh

* Proactive planning helps reduce risk and downtime

« Connected insights help optimize capacity and
efficiency across the lifecycle




—> TRANE RENTAL SERVICES

Need unrivaled temporary thermal management and power
solutions for your data center? Trust Trane Rental Services for:

« Level 2, 3, and 4 commissioning services, including line
flushes and load bank testing

- Expansion and retrofits for new chip designs

« Planned maintenance, emergency response, and
redundancy to protect SLAs

« Overcoming new equipment lead times to speed up new
facility launches

USDOT 1044829
o GVW80,0000bs

As one of North America's largest OEM HVAC rental companies,
Trane Rental Services leads the market. Our highly trained staff, N
rapid emergency response, and unmatched expertise are supported ﬁ &
by 150 locations, 230 parts centers, and 2,600 technicians. Choose Sl
Trane Rental Services for reliable, expert solutions.

Trane.com/rentals

1-800-755-5115 ' B



DESIGN RESOURCES

Trane provides a complete suite of resources to support
the design of high-performance thermal management
systems for data centers.

« All mechanical components are selected for site-
specific conditions, with detailed submittal packages
available

« System control sequences and operating modes can
be customized for any chiller plant configuration

«  TRACE® modeling tools evaluate annual energy
performance and efficiency

* Application guides and Trane experts are available to
assist with design, optimization and implementation

Reach out to Trane today for more information.




—> HELPFUL LINKS
érms

Trane Commercial HVAC > BIM and Selection Tools

Twin Cities Sales Office  (651).468-2700

BIM and Selection Tools

Access the technical files you need to confidently design HVAC
system projects with ease. Quickly download BIM-Revit or CAD
drawings and detailed documents based on project needs. And
coming soon, be on the look out for a new, user-friendly filtering tool
for drawings and technical documents.

Trane BIM and Selection Tools —

£
S
«
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B
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Thermal Energy Storage BIM

Select from our Model A or Model C tanks and download your 3D based model.

Model A tanks Model C tanks

Model 1045A Download )
Model 1082A ¥ Download
Model 1098A (X Download )

Model 1190A Download )



https://www.trane.com/commercial/north-america/us/en/resources/bim-and-selection-tools.html

% TRANE

Trane.com/DataCenters

This is for informational purposes only and does not constitute professional advice. Trane believes the facts and suggestions
presented here to be accurate; however, final design and application decisions are your responsibility. Trane disclaims any
responsibility for actions taken on the material presented.

17 /\ N = Trane — by Trane Technologies (NYSE: TT), a global climate innovator — creates comfortable, energy efficient indoor environments through a broad portfolio of heating, ventilating
TECHNOLOGIFS and air conditioning systems and controls, services, parts and supply. For more information, please visit trane.com or tranetechnologies.com.
All trademarks referenced in this document are the trademarks of their respective owners. © 2025 Trane. All Rights Reserved. DC-PRR0O06D-EN
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